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1. Executive Summary & Strategic R&D Investment Lens

1.1 Strategic Investment Framing

When a Fortune 500 technology, semiconductor, aerospace, or industrial corporation
evaluates funding research and development at an early-stage deep-tech startup, the
transaction is fundamentally different from financial venture investing. For a corporate
buyer or strategic funding partner, the investment represents an evaluation of technology
acquisition pathways, supply chain defensibility, process integration feasibility, and
risk mitigation.

This document summarizes the comprehensive evaluation of Chemical Vapor Deposition
(CVD) graphene technologies across 20+ industrial sectors. The core insight across all
evaluated verticals is the sharp divergence between commodity bulk graphene and high-
margin CVD graphene: * Bulk Graphene (Nanoplatelets/GNPs & Oxide/GO Powders):
Low-margin ($15-$50/kg) mechanical fillers or conductive slurry additives that offer
incremental strength or basic conductivity but fail to provide atomic continuity, optical
transparency, or quantum electrical performance. * Wafer-Scale & Roll-to-Roll (R2R)
CVD Graphene Sheets: High-margin ($100-$300/m? early commercial, scaling to $15-
$35/m? in automotive/display volumes; $350-$600 per 300mm processed wafer), high-
moat functional surface materials. Continuous single-layer and few-layer CVD graphene
films provide a unique multi-modal physical profile: 1. Unmatched In-Plane Thermal



Conductivity (3,000 — 5,000 W/m - K): Eliminates localized power hotspots in sub-2nm
logic nodes, multi-kilowatt Al GPU packages, and high-voltage SiC traction inverters. 2.
Near-Zero Electromigration & Diffusion Barrier: Extends sub-10nm copper/ruthenium
interconnect lifespan by > 10 X while reducing total RC delay by up to 30%. 3. Ultra-High-
Speed Electro-Optic Modulation (> 100 GHz): Enables terabit-class Co-Packaged Optics
(CPO) in silicon photonics for hyperscale Al datacenters and inter-satellite laser links. 4.
Complete Atomic Impermeability & Corrosion Protection: Halts hydrogen
embrittlement (LH,), chloride ion pitting (Cl™), and biofouling in harsh marine, aerospace,
and energy infrastructure. 5. Quantum Piezoresistive & Charge-Transfer Sensitivity:
Enables femtomolar-level (10~*° M) limit of detection (LOD) gFET biosensors for point-of-
care diagnostics and non-enzymatic 30+ day continuous glucose monitors (CGM).

| SYNTHESIS: Automated 30@mm PECVD / Low-Temp Thermal CVD / Roll-to-Roll
(R2R) |
I I
I
| FAB / SUBSTRATE INTEGRATION: Direct Growth (<400°C) or Residue-Free Dry
Transfer |

I

CORE COMMERCIAL PILLARS:

1. Sub-2nm BEOL Caps 2. ATl GPU TIM1/TIM2 3. CPO Optics 4. Bio-gFET
hips |
5. Aerospace De-Icing 6. $LH 2% Tank Barriers 7. ADAS Radar 8. Cryo-EM
rids |
I

| FUNDING STRUCTURE: CVC Equity + Strategic JDA + NRE Grants + Equipment Off-
take |
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1.2 Evaluation Framework for Corporate Decision-Makers

To separate evidence-first technical realities from deep-tech commercial hype, targets are
evaluated across six mandatory corporate development pillars: 1. Strategic Fit (Why this
company, why now): Does CVD graphene resolve an immediate physical, regulatory, or
economic bottleneck where legacy materials (copper, silicon, ITO, titanium) hit a hard
physical wall? 2. Clarity of the Ask: Is the target requesting non-dilutive NRE research
grants, a Joint Development Agreement (JDA), pilot line equipment co-development, or a
Series A/B minority equity check? 3. Technical Readiness Level (TRL) & De-Risking
Path: How does the target transition from lab validation (TRL 3/4) through pilot



cleanroom qualification (TRL 5/6) to high-volume manufacturing (TRL 8/9)? 4.
Commercial & IP Upside for the Funder: Does the funder secure background IP
protection, joint foreground patent rights, exclusive field-of-use licensing, or guaranteed
capacity off-take? 5. Deal Structure & Feasibility: Can the deal be structured using
milestone-gated tranches, CVC equity syndication, and 1:1 or 1:2 government grant co-
matching (US CHIPS Act, SpaceWERX STRATFI, EU Horizon Europe, Japanese NEDO)? 6.
Explicit Decision Blockers (The “No” Triggers): What unmitigated technical, yield,
cleanroom contamination, or regulatory risks would block Investment Committee
approval?

2. Sector-by-Sector Strategic Insertion & Evaluation

2.1 IT Computing & Heterogeneous Semiconductor Packaging

e  Strategic Insertion Point: Sub-2nm BEOL copper/ruthenium interconnect capping
layers; Al GPU package TIM1/TIM2 thermal spreaders (> 1,000W TDP in NVIDIA
Blackwell/Rubin); HBM3e/HBM4 16H stack cooling; silicon photonics Co-Packaged
Optics (CPO) modulators.

e  Corporate Value Driver: Sub-2nm interconnects hit an exponential resistivity wall
due to grain-boundary electron scattering. Monolayer CVD graphene caps extend
copper electromigration lifespan by > 10 X and reduce RC delay by 30%. CVD
graphene TIM1/TIM2 spreaders (3,000 + W/m - K) lower junction temperatures by
10-18°C, preventing thermal throttling in high-density Al clusters.

e  Primary Corporate Anchors: TSMC, Intel Corporation, Samsung Electronics,
NVIDIA (NVentures), Applied Materials, AMD, Micron Technology, Broadcom.

2.2 Telecommunications & Optical Network Infrastructure

e  Strategic Insertion Point: 1.6T and 3.2T optical transceiver electro-absorption
modulators (EAMs); GaN-on-SiC power amplifier (PA) thermal spreaders in 5G-
Advanced/6G Active Antenna Units (AAUs).

e Corporate Value Driver: Traditional silicon Mach-Zehnder modulators (MZMs) are
physically too large (2-5 mm) and energy-intensive (> 5 pJ/bit) for dense Co-
Packaged Optics (CPO). Monolayer CVD graphene EAMs achieve > 100 GHz
bandwidth at < 100 f]/bit in a footprint < 50 um?. Graphene thermal spreaders
lower GaN PA junction temperatures by 12-18°C, extending base station MTBF by
2.5 X.

e Primary Corporate Anchors: Coherent Corp., Cisco Systems, Nokia (Bell Labs),
Huawei Technologies, Ericsson, Marvell Technology.

2.3 Civil Aviation & Aerospace
e Strategic Insertion Point: Electro-thermal wing leading edge and nacelle cowl de-
icing mats; composite airframe lightning strike protection (LSP) interlayers; smart
cockpit window defrosting; liquid hydrogen (LH,) cryogenic tank barrier liners.
e  Corporate Value Driver: Clean Aviation Net Zero 2050 targets mandate
eliminating heavy expanded copper mesh (ECM, saving ~250 kg per widebody



airframe) and replacing energy-intensive engine bleed-air de-icing. Continuous CVD
graphene heating panels consume 60-80% less power at < 1 g/m” mass, while
providing zero gas permeability to contain cryogenic LH,.

Primary Corporate Anchors: Airbus SE, The Boeing Company, RTX (Collins
Aerospace), Safran S.A., GKN Aerospace, Spirit AeroSystems, Hexcel.

2.4 Defense & Military Systems

Strategic Insertion Point: Multi-spectral radar absorbing material (RAM) stealth
skins for 6th-gen fighters (NGAD, B-21 Raider, Tempest); high-power GaN AESA
radar thermal spreaders (> 1,000 W/cmz); uncooled SWIR/MWIR focal plane array
wafers; tactical UAV wing anti-icing.

Corporate Value Driver: Provides active, electrically tunable surface impedance
across RF and infrared spectrums for dynamic stealth. Replaces pneumatic bleed air
on uncrewed systems, extending loiter time by 15-25%.

Primary Corporate Anchors: Lockheed Martin (Skunk Works), RTX Corporation,
Northrop Grumman, BAE Systems (FAST Labs), L3Harris Technologies, General
Atomics.

2.5 Automotive & Mass Transportation

Strategic Insertion Point: Level 3/4 ADAS LiDAR/radar radome transparent
heaters; extreme fast-charging (> 3C) EV battery current collector foil coatings;
high-voltage SiC traction inverter heat spreaders; fuel cell (PEMFC) titanium bipolar
plate protection; high-speed rail pantograph contact strips.

Corporate Value Driver: UN ECE Regulation 157 mandates all-weather availability
for autonomous driving, but resistive heating wires cause optical diffraction; CVD
graphene provides crystal-clear (> 90%) electro-thermal de-icing. On battery foils,
CVD graphene reduces interfacial contact resistance by > 80%, preventing lithium
dendrites during 10-minute fast charging. On fuel cells, it prevents acidic corrosion
(pH 2-3), extending stack lifetime beyond 30,000 hours.

Primary Corporate Anchors: Tesla, Toyota Motor, Volkswagen Group
(PowerCo/CARIAD), General Motors, BMW Group, Hyundai Motor Group, BYD
Company, Robert Bosch GmbH, Continental AG, Denso, CRRC.

2.6 Energy & Cleantech

Strategic Insertion Point: PEM electrolyzer/fuel cell bipolar plate nanocoatings;
perovskite solar module flexible transparent conductive electrodes (TCEs);
downhole GFET chemical sensors (H,S, CH,, CO,); pipeline barrier coatings.
Corporate Value Driver: Eliminates expensive gold/platinum coatings on titanium
bipolar plates, lowering Levelized Cost of Hydrogen (LCOH) toward < $2.00/kg.
Replaces brittle ITO on tandem perovskite solar cells with an impermeable barrier
(WVTR < 1076 g/m?*/day). GFET sensors survive downhole conditions

(200°C, 15,000 psi) for real-time sub-ppb leak detection.

Primary Corporate Anchors: CATL, Plug Power, Shell plc, SLB (Schlumberger),
Siemens Energy, First Solar.



2.7 Health, Medical Devices & Life Sciences

Strategic Insertion Point: Continuous glucose monitoring (CGM) transdermal
micro-filaments; point-of-care (PoC) diagnostic gFET biochips; high-density flexible
brain-computer interfaces (BCls); single-molecule DNA sequencing nanopores.
Corporate Value Driver: Replaces enzymatic CGM sensors (limited to 10-14 days)
with non-enzymatic charge-transfer filaments lasting 30+ days. Delivers attomolar
(107> M) limit-of-detection biochips for liquid biopsy, and flexible, biocompatible
BCI arrays that eliminate micro-motion tissue scarring.

Primary Corporate Anchors: Abbott Laboratories, Dexcom, Roche Diagnostics,
Medtronic, [llumina, Siemens Healthineers, Merck KGaA / M Ventures.

2.8 Environmental Technology & Water

Strategic Insertion Point: Single-layer nanoporous seawater reverse osmosis (RO)
membranes; electrocatalytic PFAS destruction anodes; CMOS-integrated gFET
municipal gas sensors.

Corporate Value Driver: Nanoporous CVD graphene membranes deliver

10 X -100 X higher water permeability than traditional polyamide membranes,
lowering desalination plant operating pressures by 30-40% and reducing energy
OPEX by 25-35%. GFET gas sensors provide sub-ppb indoor and industrial air
quality monitoring at < 1 mW power consumption.

Primary Corporate Anchors: Honeywell Ventures, Xylem Innovation Labs,
Sensirion AG, DuPont Water Solutions, Veolia Water Technologies.

2.9 Consumer Hardware & Wearables

Strategic Insertion Point: Foldable smartphone OLED transparent backplanes;
AR/VR headset fanless SoC heat spreaders; TWS earbud and audiophile acoustic
diaphragms; smart apparel heated patches.

Corporate Value Driver: Replaces brittle ITO that micro-fractures under repetitive
folding. Replaces pyrolytic graphite sheets with < 5 um spreaders (3,000 + W/m -
K) in compact AR glasses. In acoustics, graphene composite diaphragms push
flexural breakup modes beyond 40 kHz, reducing THD to < 0.05%.

Primary Corporate Anchors: Apple, Samsung Catalyst/SVIC, Sony Innovation
Fund, Huawei Hubble, Bose Ventures, LG Technology Ventures, Nike.

2.10 Industrial Manufacturing & Process Automation

Strategic Insertion Point: Low-friction (x < 0.05) bearing raceway nanocoatings;
severe-service control valve anti-corrosion barriers; SiC motor drive inverter
thermal spreaders; cleanroom ESD tapes.

Corporate Value Driver: Unplanned factory downtime costs heavy process
industries > $50B annually. CVD graphene nanocoatings eliminate boundary
lubrication wear and galling in hydraulic pumps and valves while resisting mineral
acid corrosion (H,S0,, HCI).

Primary Corporate Anchors: Siemens AG (Next47), Honeywell International, 3M
Company, AB SKF, Emerson Electric, ABB Ltd., BASF SE, Eaton Corp.



2.11 Construction & Smart Infrastructure

Strategic Insertion Point: ITO replacement in electrochromic smart glass;
structural steel/rebar anti-corrosion barrier coatings; embedded concrete
structural health monitoring (SHM) strain gauges; planar radiant heating.
Corporate Value Driver: Speeds up electrochromic window tint switching time by
40%, provides 10 X corrosion lifespan extension on marine steel rebar, and enables
embedded micro-strain sensing across concrete bridge decks and post-tensioning
bolts.

Primary Corporate Anchors: Saint-Gobain (SageGlass/NOVA), View Inc. / Halio,
Sika AG, CEMEX Ventures, Hilti Group, PPG Industries, ArcelorMittal (XCarb).

2.12 Agriculture & AgTech

Strategic Insertion Point: In-soil GFET NPK chemical probes; point-of-use crop
pathogen diagnostic chips; smart greenhouse agrivoltaic films; precision planter
row-unit nodes.

Corporate Value Driver: Enables real-time, label-free sub-ppm ionic soil sensing
without wet-chemistry pre-treatment. Complies with EU Farm to Fork directives
requiring 20% fertilizer and 50% pesticide reductions by 2030 by replacing lagging
optical NDVI indices with real-time pre-symptomatic molecular field data.

Primary Corporate Anchors: Yara International, Syngenta Group, Bayer Crop
Science (Leaps), John Deere, Orbia (Netafim), Trimble Ag.

2.13 Professional Sports, Wearables & Motorsports

Strategic Insertion Point: Active heated ski goggles and helmet visors; high-gauge
factor (GF > 50-100) biomechanical strain grids; helmet concussion impact sensing
matrices; Formula 1 ECU heat spreaders; dry epidermal ECG/EMG athletic
garments.

Corporate Value Driver: Delivers crystal-clear (> 90%) 3.7V electro-thermal Joule
heating on double-curved ski goggles, eliminating fogging without optical distortion.
Provides sub-second impact telemetry in F1 pods and elite sports vests. Fast 6-to-
18-month commercial integration cycles provide an early high-margin GTM runway.
Primary Corporate Anchors: EssilorLuxottica (Oakley), Catapult Sports, McLaren
Applied, Garmin, adidas, Revelyst (Giro/Bell), Nike.

2.14 Marine & Maritime Infrastructure

Strategic Insertion Point: Marine fuel cell (PEMFC) titanium bipolar plate anti-
corrosion barrier coatings; LH, cryogenic tank liners; shipboard reverse osmosis
desalination membranes; subsea GFET hydrophone arrays.

Corporate Value Driver: Extends marine fuel cell stack lifetime from 5,000 to >
30,000 hours by preventing acidic corrosion (pH 2-3) and dropping contact
resistance below 5 mf2 - cm?. Saves $420,000 per stack overhaul. Lowers shipboard
desalination operating pressure by 30-40%.

Primary Corporate Anchors: HD Hyundai, Wartsild, ABB Marine, Alfa Laval,
Kongsberg Maritime, Thales Underwater Systems.



2.15 Optics & Photonics

Strategic Insertion Point: Broadband electro-absorption modulators (EAMs) on
silicon photonics; saturable absorber mirrors (SAMs) for industrial ultrafast lasers;
uncooled SWIR/MWIR photodetector arrays; AR waveguide transparent electrodes.
Corporate Value Driver: Unlocks > 100 GHz electro-optic modulation bandwidth
at drive voltages V,,, < 1 V. Delivers universal 0.2-100 um single-material
photodetectors on 300mm silicon photonics without lattice mismatch limits.
Primary Corporate Anchors: Thorlabs, TRUMPF Venture, Lynred, Intel Capital,
Sony Innovation Fund, Coherent Corp., Teledyne FLIR.

2.16 Scientific & Life Science Instrumentation

Strategic Insertion Point: Cryo-Electron Microscopy (Cryo-EM) support grids
(3.05 mm diameter); gFET bio-analytical cartridges; conductive AFM wear-probes;
quantum Hall resistance standards.

Corporate Value Driver: High gross margin (80% +) bridge market generating
immediate positive cash flow (10M-50M ARR) prior to mass semiconductor scaling.
Monolayer graphene support grids eliminate ice thickness variation and
background noise on Thermo Fisher Krios/Glacios platforms.

Primary Corporate Anchors: Thermo Fisher Scientific, Merck / M Ventures, ZEISS
Ventures, Agilent Technologies, Hamamatsu Photonics, Bruker.

2.17 Space Infrastructure & Satellites

Strategic Insertion Point: High-power satellite ASIC thermal spreaders (>

100 W/cmz); inter-satellite lasercom electro-optic modulators; uncooled SWIR
Earth observation FPAs; linerless composite cryogenic propellant tank barriers.
Corporate Value Driver: Solves vacuum heat dissipation where convection is
impossible, reducing junction temperatures by 18-25°C at < 0.1% of copper mass.
Prevents atomic oxygen (AO) erosion in LEO and enables 100% composite linerless
tanks (saving 15-20% launch mass).

Primary Corporate Anchors: L3Harris, Airbus Defence & Space, Rocket Lab,
Lockheed Martin Space, Planet Labs, Boeing (Spectrolab), Sierra Space, Axiom Space.

3. Explicit Decision Blockers (“The No Triggers”) & Risk Mitigation

To ensure evidence-first investment rigor, the Corporate Venture Capital board and
Investment Committee must enforce strict “No Triggers” during due diligence. Below are
the primary decision blockers identified across the research corpus, alongside required
risk mitigation protocols:



BLOCKER 1: CMOS Cleanroom Contamination (Copper ions >10710 atoms/cm?2)

--> MITIGATION: Mandate polymer-free dry transfer or low-temp direct

I

I

I

growth |

I

I

| BLOCKER 2: Transfer Defectivity & Pinholes (Tears, grain boundary leaks)
I

| --> MITIGATION: Multi-layer stacking or atomic layer deposition (ALD)
overlays |

I

I

| BLOCKER 3: Extended Qualification Lag (3-5 year testing in Auto/Aero/Med)
I

| --> MITIGATION: Stack public grants + bridge revenue via high-margin
consumables |

I

I

| BLOCKER 4: Unit Economic & Line Speed Bottlenecks (R2R speed <2.0 m/min)
I

| --> MITIGATION: Automated PE-CVD toolsets & non-destructive copper foil
reuse |
T
------- +

3.1 Decision Blocker 1: CMOS Cleanroom Metal Contamination

e The Risk: Foundries (TSMC, Intel, Samsung) strictly ban metallic copper
contamination in front-end and BEOL cleanroom lines (> 10° atoms/cm2
threshold). Standard wet chemical etching of growth foils leaves trace copper ions
and sacrificial polymer (PMMA) residues.

e Investment Committee Requirement: Reject any microelectronics or photonics
target relying on PMMA wet chemical etching. Mandate target startups to
demonstrate dry-decoupling frame-to-wafer transfer modules, inorganic
sacrificial handles, or direct low-temperature (< 400°C) PECVD growth directly on
dielectric/interconnect layers.

3.2 Decision Blocker 2: Transfer Defectivity & Pinhole Integrity

e The Risk: In gas/liquid barrier applications (CATL battery current collectors,
Shell/Plug Power hydrogen fuel cell plates, Orbia/DuPont membranes), pinhole
tears or grain boundary defects cause micro-leakage, localized corrosion, or salt
leakage in RO membranes.

e Investment Committee Requirement: Require targets to demonstrate continuous
inline optical/Raman defect mapping on R2R lines, multi-layer CVD stacking (2-3
alternating atomic layers where defects do not align), or ALD /hybrid passivation
overlays that guarantee helium leak rates < 10™2 mbar - L/s and RO salt rejection >
99.2%.



3.3 Decision Blocker 3: Qualification Timeline Cash Burn Lags

The Risk: Automotive (AEC-Q100/Q200, IATF 16949), aerospace (FAA/EASA Part
25 airworthiness), medical (FDA 510(k)/PMA), and construction (ASTM/ISO)
qualification cycles require 3 to 5 years, creating severe cash burn before high-
volume commercial revenue.

Investment Committee Requirement: Enforce a dual-track capital strategy:

1. Mandate that target startups leverage private CVC equity checks with 1:1 or
1:2 non-dilutive public matching grants (US CHIPS Act NAPMP,
SpaceWERX STRATFI, EU Horizon Europe/EIC Accelerator, Japanese NEDO,
German BMBF).

2. Prioritize startups targeting immediate high-margin consumables
beachheads (Thermo Fisher Cryo-EM grids, Abbott/Roche gFET biochips,
Oakley active heated visors) that generate positive operating cash flow
within 18-24 months to bridge the qualification runway.

3.4 Decision Blocker 4: Line Speed Bottlenecks & Unit Cost Parity

The Risk: Roll-to-Roll (R2R) CVD line speeds < 0.5 m/min keep manufacturing
costs above $100-$200/m?, preventing mass adoption in automotive (15-$25/m?
target) and display (15-$30/m? target) markets.

Investment Committee Requirement: Require hardware targets to demonstrate
pilot line speeds > 2.0 m/min using plasma-enhanced CVD (PE-CVD) or multi-zone
thermal reactors, alongside non-destructive electrochemical delamination (bubbling
transfer) that reuses catalytic copper growth foils > 100 times.

4. Deal Execution, Capital Structuring & Value Capture Roadmap

To translate this strategic evaluation into executed corporate funding rounds and
technology acquisitions, the investment committee must enforce a strict 5-point deal
execution checklist:

1.

Mandate Dual-Track Capital Formation: Never fund a CVD graphene target using

pure private venture equity alone. Require target startups to leverage private CVC

checks with 1:1 or 1:2 non-dilutive government grants (e.g., US CHIPS Act,

SpaceWERX STRATFI, EU EIC Accelerator, German BMBF).

Partition Core vs. Application IP: Ensure the target startup retains total

ownership of background IP (synthesis recipes, dry-transfer mechanics, furnace tool

geometry) while granting corporate partners exclusive field-of-use application

rights (e.g., exclusive right to use in Cryo-EM grids to Thermo Fisher, exclusive right

to use in ski goggles to Oakley, or exclusive right to use in battery current collectors

to CATL).

Enforce Milestone-Gated Equity Tranches: Tie investment disbursements strictly

to verified technical readiness milestones:

- Tranche 1 (Close): Demonstration of 300mm wafer or continuous R2R

transfer yield > 90% with sheet resistance variation < 5% (Ip/I; < 0.05).



- Tranche 2 (12-18 Months): Completion of environmental /qualification
standards (AEC-Q200, ISO 10993, ASTM E595, or DO-160G).

- Tranche 3 (24-36 Months): Commissioning of automated pilot production
equipment (> 2.0 m/min) and execution of commercial take-or-pay off-take
agreements.

4. Prioritize High-Margin Consumables Beachheads: Allocate early fund capital to
companies targeting immediate high-margin consumables that generate positive
operating cash flow within 18-24 months, bridging the runway to long-term
semiconductor fab adoption.

5. Structure Non-Recurring Engineering (NRE) Cost Sharing: Require Tier-1
corporate partners to co-fund pilot line tooling and qualification testing via non-
refundable NRE grants and equipment pre-purchases.

5. Master Industry Technology Demand Table

The table below provides a comprehensive, synthesized summary of the Total Estimated
Quantity of CVD Graphene Technology Needed Per Year for Each Industry Upon
Commercial Adoption, detailing primary applications, standardized metric units, target
cost parity thresholds, and primary corporate anchors/funders.

Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
1.IT Computing & Sub-2nm BEOL 3.6M - 6.0M < $35/ TSMC, Intel
Semiconductors caps, Al GPU 300mm Wafer wafer pass Capital,
TIM1/TIM?Z, Starts/yr logic caps; < Samsung
HBM ( $15/package Catalyst,
interlayers, 254k-424k m?/ GPUTIM NVIDIA
CPO optics yr) + 16k-24k (NVentures),
m? /yr TIM Applied
Sheets Materials,
AMD, Micron
2. 1.6T/3.2T CPO 15,000 - < $80/ Coherent
Telecommunicatio optical 25,000 modulator chip Corp., Cisco
ns Infrastructure modulators, 300mm/200m ;< $45 /rn2 PA Investments,

5G/6G GaN PA m Photonic thermal film Nokia (NGP
heat spreaders Wafers/yr + Capital),



Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
72,000 m? /yr Huawei
Thermal Film (Hubble VC),
Ericsson
3. Industrial R&D  Wafer transfer 100,000 - < $50/m? R&D Applied
& Advanced tools, 350,000 m?/yr film; < Ventures, TDK
Materials precursor Transferred $150/ Ventures,
chemistry, Film + 20,000 - test wafer Merck KGaA
transparent 80,000 Test (M Ventures),
electrodes, Wafers/yr Sony
sensors Innovation
Fund, Shell
GameChanger
4. Civil Aerospace Electro- 250,000 - < $80/m? raw Airbus
thermal 350,000 m?/yr film Ventures,
wing/nacelle Aerospace ( Boeing
de-icing, Film + 25,000  $1,200-$3,000/ HorizonX, RTX
composite LSP, 200mm m? module) Ventures,
LH, tank Photonic Safran VC,
barriers Avionics GKN
Wafers/yr Aerospace (UK
ATI), Spirit
Aero
5. Defense & Multi-spectral 120,000 - < $300-$600/ Lockheed
Military Aerospace stealth RAM 250,000 m?/yr m? defense Martin
skins, GaN Stealth/EMI skin; < Ventures, RTX
AESA thermal  Film + 10,000 - $800/ Ventures,
spreaders, 20,000 200mm sensor wafer Northrop
SWIR sensor Sensor Grumman,
wafers Wafers/yr BAE FAST
Labs,
L3Harris,
SpaceWERX
6. Agriculture & In-soil NPK 1,330 m?/yr < Yara Growth
AgTech GFET sensors, Monolayer $0.50-$1.00/  Ventures,
crop diagnostic gFET Film sensor die; < Syngenta
chips, (~53.5M sensor $30/m? Ventures,
nanoporous dies) + 10,000 membrane Bayer (Leaps),
desal -220,000 John Deere
membranes m? /yr Ventures,



Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
Membranes Orbia
Ventures
7. Automotive ADAS 12,000,000 - < $15-$25/m? Robert Bosch
Industry LiDAR/radar 20,000,000 auto film; < (RBVC(C), Saint-
heaters, SiC m?/yr $0.50/ Gobain
inverter Automotive radar radome Sekurit, AGC,
spreaders, CVD Film + Toyota
smart glass, 100,000 Ventures,
FCEV plates 200mm Valeo, BMW
Wafers/yr Startup
Garage, GM
Ventures
8. Construction &  Smart window 4,000,000 - < $10-%$20/m? Saint-Gobain
Building Materials ITO 14,000,000 glass film; < (NOVA), View
replacement,  m?/yr $25/ton eq. Inc. / Halio,
rebar anti- Architectural rebar Sika Ventures,
corrosion, SHM CVD Film CEMEX
concrete Ventures, Hilti
Sensors, Ventures, PPG,
radiant heat ArcelorMittal
9. Consumer Foldable OLED 5,000,000 - < $15-%$25/m? Apple Adv.
Hardware & TCFs, fanless 10,000,000 display film; <  Mfg. Fund,
Wearables AR/VR m?/yr $0.25/ Samsung
spreaders, Consumer Film acousticdriver Catalyst, Sony
acoustic +100,000 Innovation
diaphragms, 200mm Sensor Fund, Huawei
biosensors Wafers/yr Hubble, Bose
Ventures, LG
Tech
10. Energy & Fast-charging 5,500,000 - < CATL Venture
Cleantech battery current 16,000,000 $2.50-$5.00/ Fund, Plug
collectors, PEM m?/yr Coated  m? battery foil; Power, Shell
electrolyzer/fu Foil / Plate < $20/m? Ventures, SLB
el cell plates, Film + 500 - bipolar plate Venturing,
PV TCFs 2,400 200mm Siemens
Wafers/yr Energy
Ventures, First
Solar
11. Entertainment  Micro-LED 100,000 - < $50-$100/  Sony Crystal



Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
Verticals virtual 250,000 m?/yr m? pro LED / SIF,
production Pro Film + audio/LED Meta Reality
backplanes, 10,000 - film; < Labs, Bose
audiophile 20,000 300mm $350/ Ventures,
diaphragms, Sensor sensor wafer Valve Corp,
AR/VR Wafers/yr Disney
spreaders Accelerator,
Barco
12. Environmental Nanoporous 3,300,000 - < $25-$45/m? Honeywell
Technology RO 7,800,000 membrane; < Ventures,
desalination m?/yr Active $0.25/ Xylem
membranes, Membrane / gas sensor die  Innovation
PFAS Anode Film + Labs,
destruction 20,000 - Sensirion CVC,
anodes, gFET 55,000 200mm DuPont
gas sensors Wafers/yr Ventures,
Veolia Water
Tech
13. Health & 30-day CGM 18,000 - < Abbott
Medical Devices filaments, 75,000 m? /yr $0.10-$0.25/ Ventures,
gFET PoC Flexible Bio- diagnostic die; Dexcom
biochips, Film + 6,000 - < $12/ Ventures,
flexible BClIs, 17,000 200mm BCI array Roche Venture
DNA Bio-Wafers/yr Fund,
nanopores Medtronic
Ventures,
[llumina
Accelerator
14. Industrial Low-friction 800,000 - < $20-$40/m? Siemens
Manufacturing & bearing 2,500,000 industrial (Next47),
Automation raceways, m?/yr Tribo /  coating; < Honeywell
severe-service Thermal Film $1.50/ Ventures, 3M
control valves, + 1,000 -3,000 valve trim Ventures, SKF
motor drives, 200mm Ventures,
thermal tapes =~ Wafers/yr Emerson
Ventures, ABB
Tech
15. Leisure, Active heated 196,650 m?/yr < $180-$300/ EssilorLuxotti
Outdoor & alpine apparel, Outdoor m? film (< ca (Oakley



Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
Recreation anti-fog ski Functional $15/ CVQ),
visors, Film jacket patch) Columbia
biometric Innovation
athleisure Fund, VF Corp
SEensors VC, Meta
Reality Labs,
Garmin
16. Marine & Shipboard fuel 2,100,000 - < $20-$50/m? HD Hyundai
Maritime cell plates, hull 5,300,000 fuel cell plate;  Ventures,
Infrastructure anti-corrosion m?/yr Marine < $35/ Wartsila
barriers, RO Barrier Film + hydrophone die Venturing,
membranes, 270k - 850k ABB Marine
sonar GFETs GFET Units/yr (SynerLeap),
Alfa Laval,
Kongsberg,
Thales
17. Optics & Silicon 100,000 - < $350-$600/ Thorlabs,
Photonics photonics CPO 350,000 photonic wafer TRUMPF
EAM 300mm ;< Venture,
modulators, Photonic $15/laser optic Lynred, Intel
ultrafastlaser ~ Wafer Capital, Sony
SAMs, SWIR Equivalents/yr Innovation
image sensors, + 150,000 - Fund,
AR optics 400,000 m?/yr Coherent,
AR Film Teledyne FLIR
18. Scientific Cryo-EM ~2,700 200mm $50-$200/ Thermo Fisher
Instrumentation support grids, = Wafer TEM grid pack  Scientific,
gFET bio- Equivalents/yr (80% + gross  Merck (M
cartridges, (1.2M TEM margin) Ventures),
TEM/AFM Grids) + ~3,500 ZEISS
research 200mm Bio- Ventures,
substrates Wafers/yr Agilent
Ventures,
Hamamatsu,
Bruker
19. Space Satellite 2,000-6,000 $800-$1,800/ L3Harris
Infrastructure & payload ASIC m?/yr Space- wafer; Ventures,
Satellites thermal Grade Film + $300-$600/m? Airbus
spreaders, 540-1,270 film Ventures,



Total Estimated Primary
Annual Quantity Corporate
Primary CVD Needed (At Target Cost Anchors /
Application &  Commercial Parity / ASP Funder
Industry Sector Form Factor Adoption) Threshold Landscape
inter-satellite  200mm/300m Lockheed
lasercom, m Wafers/yr Martin
COPV tank Ventures, AE
liners Industrial
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*Memorandum compiled and finalized for Investment Committee evaluation and

Corporate Development execution.*

# EXECUTIVE INVESTMENT COMMITTEE BRIEFING: CVD GRAPHENE STRATEGIC EVALUATION
& R&D FUNDING MATRIX

**TQ:** Executive Committee, Corporate Venture Capital (CVC) Board, &



Corporate R&D Leadership

**FROM: ** Senior Corporate Development & Strategic Deep-Tech Advisory Group
**DATE: ** October 2026

**SUBJECT: ** Comprehensive Evaluation, Strategic Investment Lens, Top 10
Company-Industry Pairings, and Global Adoption Demand Matrix for Chemical
Vapor Deposition (CVD) Graphene Scale-Ups

**TARGET FILENAME:** “inv_top_ten cvd graphene.md’

## 1. Executive Summary & Strategic Investment Lens

### 1.1 Strategic Investment Lens & Corporate R&D Context

This memorandum evaluates Chemical Vapor Deposition (CVD) graphene scale-ups
through the rigorous lens of a Fortune 500 corporate development, venture
capital, and R&D leadership team. When a large industrial, semiconductor, or
aerospace corporation evaluates funding research and development at a smaller
deep-tech target, the decision is rarely a simple financial bet. It is an
evaluation of **strategic technology acquisition, supply chain defensibility,
process integration feasibility, and risk mitigation**.

Unlike bulk graphene nanoplatelets (GNPs) or graphene oxide (GO) powders—
which act as low-margin ($15-$50/kg) mechanical fillers or conductive
additives—**wafer-scale and roll-to-roll (R2R) continuous CVD graphene
sheets** represent high-margin ($100-$300/m2? early commercial, scaling to
$15-$35/m2), high-moat functional surface materials. Continuous single-layer
and few-layer CVD graphene films deliver:

1. **Unmatched In-Plane Thermal Conductivity ($3,000-5,000\text{
W/m}\cdot\text{K}$):** Eliminating localized power hotspots in sub-2nm logic
nodes, multi-kilowatt AI GPU clusters, and high-voltage SiC traction
inverters.

2. **Near-Zero Electromigration & Atomic Diffusion Barrier:** Extending sub-
10nm copper/ruthenium interconnect lifespan by $>10\times$ while reducing
total RC delay by up to $30\%$.

3. **Ultra-High-Speed Electro-Optic Modulation ($>100\text{ GHz}$):**
Enabling terabit-class Co-Packaged Optics (CPO) in silicon photonics for
hyperscale AI datacenters and inter-satellite laser links.

4. **Complete Atomic Impermeability & Corrosion Protection:** Halting
hydrogen embrittlement ($LH_2$%$), chloride ion pitting ($C1*-$), and
biofouling in harsh marine, aerospace, and energy infrastructure.

5. **Quantum Piezoresistive & Charge-Transfer Sensitivity:** Enabling
femtomolar-level ($\text{10}"{-15}\text{ M}$) limit of detection (LOD) gFET
biosensors for point-of-care diagnostics and non-enzymatic 30+ day continuous
glucose monitors (CGM).

CVD GRAPHENE STRATEGIC R&D FUNDING & VALUE CHAIN MAP

SYNTHESIS: Automated 300mm PECVD / Low-Temp Thermal CVD / Roll-to-Roll (R2R) |
FAB / SUBSTRATE INTEGRATION: Direct Growth (<400°C) or Residue-Free Dry Transfer |



CORE COMMERCIAL PILLARS: 1. Sub-2nm BEOL Caps 2. Al GPU TIM1/TIM2 3. CPO Optics 4.
Bio-gFET Chips 5. Aerospace De-Icing 6. LH, Tank Barriers 7. ADAS Radar 8. Cryo-EM Grids |
FUNDING STRUCTURE: CVC Equity + Strategic JDA + NRE Grants + Equipment Off-take

### 1.2 Decision-Maker Evaluation Framework & Rigor

To separate evidence-backed technical reality from commercial hype, every
industry and target company is scrutinized across six mandatory corporate
development pillars:

* **Strategic Fit (Why this company, why now):** What critical physical,
regulatory, or economic bottleneck does CVD graphene solve that legacy
materials (copper, silicon, ITO, titanium) cannot?

* *¥*Clarity of the Ask:** Is the startup requesting non-dilutive NRE research
grants, a Joint Development Agreement (JDA), pilot line equipment co-
development, or a Series A/B minority equity tranche?

* **Technical Readiness Level (TRL) & De-Risking Path:** How does the target
transition from lab validation (TRL 3/4) through pilot cleanroom
qualification (TRL 5/6) to high-volume manufacturing (TRL 8/9)?

* **Commercial & IP Upside for the Funder:** Does the funder secure
background IP protection, joint foreground patent rights, exclusive field-of-
use licensing, or guaranteed capacity off-take?

* **pDeal Structure & Feasibility:** Can the deal be structured using
milestone-gated tranches, CVC equity syndication, and 1:1 or 1:2 government
grant co-matching (US CHIPS Act, SpaceWERX STRATFI, EU Horizon Europe)?

* *¥*Eyxplicit Decision Blockers (The "No" Triggers):** What unmitigated
technical, yield, or regulatory risks (e.g., polymer transfer contamination,
copper fab contamination, long AEC-Q100/FDA qualification lag, lack of FTO)
would block an Investment Committee approval?

## 2. Comprehensive Industry-by-Industry R& Funding Evaluation

Below is the evidence-first evaluation of all 20 industry verticals analyzed
in the research document, evaluated from the perspective of an executive
corporate venture and R&D committee.

### 2.1 IT Computing & Heterogeneous Semiconductor Packaging

* **Strategic Fit (Why now):** Sub-2nm logic nodes (N2, A16) and multi-
kilowatt AI accelerator packaging ($>1,000\text{W}$ TDP in NVIDIA
Blackwell/Rubin) face physical RC delay spikes, copper electromigration
failure, and extreme thermal throttling. Wafer-scale CVD graphene provides
$10\times$ electromigration resistance, $30\%$ RC reduction, and
$3,000+\text{ W/m}\cdot\text{K}$ TIM1/TIM2 heat dissipation.

* **Clarity of the Ask:** $5M-$15M Series A/B minority equity from corporate
venture capital (Intel Capital, NVentures, Applied Ventures) paired with a
300mm pilot line Joint Development Agreement (JDA) and process integration
kit (PIK) access.



* **Technical Readiness & De-risking Path:** TRL 5 to TRL 6. Transitioning
from polymer-assisted wet transfer to automated 300mm dry roll-to-wafer
transfer or direct low-temperature ($<400"\circ\text{C}$) PECVD growth on
BEOL dielectric layers.

* **Commercial / IP Upside:** Exclusive field-of-use licensing for BEOL
capping and thermal interface layers; secured pilot wafer allocation at
foundry partners; background IP protection on CVD chamber design.

* **Degl Structure & Feasibility:** Syndicated Series B equity ($15M-$30M
total) matched 1:1 with US CHIPS Act National Advanced Packaging
Manufacturing Program (NAPMP) non-dilutive grants.

* **pDecision Blockers ("No" Triggers):** Metallic copper contamination in
front-end cleanrooms; polymer PMMA transfer residues causing sheet resistance
variance $>5\%$; contact resistance $>100\ \Omega\cdot\mu\text{m}$.

### 2.2 Telecommunications & Optical Network Infrastructure

* **Strategic Fit (Why now):** Migration to 1.6T and 3.2T optical
transceivers for hyperscale AI datacenters renders silicon Mach-Zehnder
modulators (MZMs) obsolete due to size and high energy consumption ($>5\text{
pl/bit}$). Monolayer CVD graphene electro-absorption modulators (EAMs)
deliver $>100\text{ GHz}$ bandwidth at $<100\text{ fI/bit}$ in a footprint
$<50\ \mu\text{m}$.

* **Clarity of the Ask:** $3M-$16M strategic CVC equity (Cisco Investments,
Coherent Ventures, NGP Capital) + NRE engineering contract for 200mm/300mm
Silicon Photonic Integrated Circuit (PIC) wafer dry transfer tooling.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Qualifying dry-
transfer toolsets on 300mm Silicon-on-Insulator (SOI) and Silicon Nitride
($\text{Si} 3\text{N}_4¢) photonic wafers with $>90\%$ transfer yield.

* **Commercial / IP Upside:** Ownership of foundational patents on low-loss
graphene-waveguide electro-absorption modulation; locked-in supply contracts
for next-gen Co-Packaged Optics (CPO) engines.

* **Deal Structure & Feasibility:** Milestone-gated corporate venture round
co-funded by EU Horizon Europe 2D Experimental Pilot Line (2D-EPL) grants.

* **Decision Blockers ("No" Triggers):** High optical insertion loss
($>1\text{ dB/cm}$); non-uniform electrostatic doping; inability to meet
100,000-hour telco-grade reliability standards (Telcordia GR-468).

### 2.3 Industrial R&D & Advanced Electronics

* **Strategic Fit (Why now):** Hardware scaling across MEMS sensors, power
semiconductors, and specialty energy membranes requires pristine atomic-layer
functional films rather than low-value bulk powder additives.

* **Clarity of the Ask:** $1M-$5M Seed/Series A equity (Applied Ventures, TDK
Ventures, M Ventures) paired with cleanroom access (Maydan Technology Center)
and non-dilutive proof-of-concept grants (Shell GameChanger).

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 5. Validating film
quality ($<@.1\text{ defect/cm}~2$, mobility $>10,000\text{



cm}~2/\text{V}\cdot\text{s}$) on 200mm catalytic substrates.

* **Commercial / IP Upside:** Co-ownership of tool integration IP; early
access to 2D material deposition equipment; high-margin material distribution
rights.

* **Deal Structure & Feasibility:** 50% Financial VC + 50% Strategic CVC
equity tranche backed by pre-paid commercial supply off-takes.

* **Decision Blockers ("No" Triggers):** High capital expenditure for
proprietary CVD reactors; long foundry qualification lead times (3-5 years);
lack of freedom-to-operate (FTO) clear of chemical incumbent patents.

### 2.4 Civil Aerospace

* **Strategic Fit (Why now):** Civil aviation Net Zero 2050 mandates force
OEMs (Airbus, Boeing) to shave parasitic mass, eliminate heavy expanded
copper mesh (ECM) for lightning strike protection (LSP), replace bleed-air
de-icing, and contain liquid hydrogen ($LH_2$). Continuous CVD graphene
reduces de-icing energy by $60\text{--}80\%$% and provides zero gas
permeability for $LH_2$ tanks.

* *¥*¥Clarity of the Ask:** $2M-$8M Series A equity from aerospace venture arms
(Airbus Ventures, Boeing HorizonX, RTX Ventures) paired with non-dilutive
matching grants (UK ATI, EU Clean Aviation 3JU).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 6. Flight-test
demonstration on wing leading edges and nacelle cowls under FAA Part 25.1419
icing and Part 25.581 lightning protection standards.

* **Commercial / IP Upside:** Long-term 20+ year recurring shipset supply
agreements on commercial platforms (A320 replacement, B787, ZEROe); AS9100D
manufacturing lock-in.

* **pDeal Structure & Feasibility:** Corporate equity co-investments matched
1:2 or 1:3 with UK ATI (£300M/yr) or FAA CLEEN grants, requiring $<30\%$
private equity outlay.

* **Decision Blockers ("No" Triggers):** Failure to pass 10,000-hour rain
erosion or thermal shock testing (-55°C to +150°C); galvanic corrosion
between graphene and aluminum fasteners in CFRP joints; multi-year FAA/EASA
flight certification delays.

### 2.5 Defense & Military Aerospace

* **Strategic Fit (Why now):** Next-Gen Air Dominance (NGAD, B-21) and
hypersonic systems require active multi-spectral stealth (RAM skins),
lightweight composite LSP, and extreme thermal dissipation ($>1,000\text{
W/cm}~2$) for high-power GaN AESA radars and directed energy weapons.

* *¥*Clarity of the Ask:** $2M-$10M strategic CVC equity (Lockheed Martin
Ventures, RTX Ventures, BAE FAST Labs) + non-dilutive DoD matching grants
(AFWERX STRATFI, DIU OTAs).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 6. Completing MIL-
STD-810G environmental shock and DO-160G lightning strike qualification on
military airframe coupons.



* **Commercial / IP Upside:** High gross margin ($>65\%$) defense production
contracts; classified program insertion; long-term sole-source supplier
status.

* **Deal Structure & Feasibility:** 1:1 or 2:1 private venture capital match
against AFWERX STRATFI awards (up to $15M non-dilutive capital).

* **pDecision Blockers ("No" Triggers):** ITAR / Export Control compliance
bottlenecks; failure to pass MIL-STD galvanic corrosion barrier requirements;
capital intensity of large-area vacuum CVD equipment.

### 2.6 Agriculture & AgTech

* **Strategic Fit (Why now):** EU *Farm to Fork* directives mandate a 20%
reduction in fertilizer and 50% reduction in chemical pesticides by 2030.
Precision agriculture OEMs (John Deere, Syngenta, Yara) need real-time, in-
soil molecular GFET sensing (NPK, phytohormones, pesticides) rather than
lagging optical NDVI indices.

* **Clarity of the Ask:** $2M-$8M Series A CVC equity (Leaps by Bayer,
Syngenta Ventures, Yara Growth Ventures, Orbia Ventures) + Joint Development
Agreement for sensor packaging and microfluidic integration.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Functionalizing
GFET channels with ion-selective bio-receptors and validating field bio-
fouling resistance in active soils.

* **Commercial / IP Upside:** High-volume recurring sales of single-use gFET
diagnostic strips and planter row-unit sensor assemblies; integration into
climate software platforms (FieldView).

* **Deal Structure & Feasibility:** Series A venture syndicate backed by USDA
NIFA SBIR or EIC Accelerator grants (€2.5M non-dilutive).

* **Decision Blockers ("No" Triggers):** Fast bio-fouling/drift of gFET
receptors in raw soil ($<2\text{ weeks}$ lifespan); unit die cost exceeding
$\$1.00% at commercial scale; lack of robust field packaging.

### 2.7 Automotive

* **Strategic Fit (Why now):** UN ECE Reg 157 mandates all-weather
availability for Level 3/4 ADAS. Conventional wire heaters cause optical
diffraction on LiDAR/camera windows. CVD graphene delivers optical
transparency ($>90\text{--}97\%%) with $0.2\text{--}1.5\text{ W/cm}~2$
electro-thermal de-icing, alongside SiC traction inverter heat spreaders and
FCEV titanium bipolar plate protection.

* **Clarity of the Ask:** $2M-$16M Series A/B equity from automotive CVCs
(Bosch Ventures, GM Ventures, Toyota Ventures, Sekurit NOVA) or non-dilutive
Venture Client PoC grants (BMW Startup Garage, StartUp Autobahn).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Passing AEC-
Q100/Q200 thermal shock (-40°C to +125°C) and IATF 16949 automotive
manufacturing plant audits.

* **Commercial / IP Upside:** Inclusion in 7-10 year automotive platform
lifecycles across major OEMs; high switching costs once AEC-Q qualified.



* **Deal Structure & Feasibility:** Venture Client entry model (BMW Startup
Garage) providing non-dilutive PoC funding ($100k-$500k) without equity loss,
leading to Series A CVC equity.

* **Decision Blockers ("No" Triggers):** High unit cost ($/m"2$) relative to
legacy ITO or tungsten wires; micro-tears in roll-to-roll dry transfer
causing sheet resistance variation $>10\%$; 3-5 year automotive qualification
lag.

### 2.8 Construction & Building Materials

* **Strategic Fit (Why now):** Decarbonization pressures force building
envelope electrification and longevity. CVD graphene replaces brittle Indium
Tin Oxide (ITO) in electrochromic smart glass (Saint-Gobain SageGlass, View
Inc.), provides $10\times$ corrosion life on marine steel rebar, and powers
smart concrete embedded strain/leak sensors.

* **Clarity of the Ask:** $1M-$5M Seed/Series A equity (CEMEX Ventures,
Saint-Gobain NOVA, Sika Ventures, ArcelorMittal XCarb) + commercial take-or-
pay off-take agreement.

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Demonstrating
2,000-hour ASTM B117 salt fog resistance and R2R glass lamination yield.

* **Commercial / IP Upside:** High-volume material supply contracts for
commercial glazing and infrastructure rebar; licensing royalties forPECVD
direct steel coating equipment.

* **Deal Structure & Feasibility:** CVC minority equity tied to milestone-
gated pilot plant access and ASTM testing validation.

* **Decision Blockers ("No" Triggers):** Long construction industry
sales/testing cycles (36+ months); cost gap against commodity zinc/epoxy
galvanizing; R2R film transfer defect pinholes causing smart glass short
circuits.

### 2.9 Consumer Hardware & Wearables

* **Strategic Fit (Why now):** Indium Tin Oxide (ITO) micro-fractures under
repetitive bending in foldable smartphones, while synthetic graphite is too
thick ($>25\ \multext{m}$) for foldable hinges and AR/VR visors. CVD graphene
provides unlimited flex endurance, $3,000+\text{ W/m}\cdot\text{K}$ thermal
spreading at $<5\ \multext{m}$, and ultra-low distortion ($<0.05\%$% THD)
acoustic diaphragms.

* *¥*Clarity of the Ask:** $2M-$15M CVC equity (Samsung Catalyst, Sony
Innovation Fund, Huawei Hubble, Bose Ventures) OR non-dilutive equipment pre-
purchases and NRE grants (Apple Advanced Manufacturing Fund).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Validating
200,000-cycle flexural endurance at $<1\text{ mm}$ bend radius and audio
response extension beyond 40 kHz.

* **Commercial / IP Upside:** High-volume supplier status for flagship
consumer platforms (Galaxy, iPhone, PlayStation VR, Bose TWS); high gross
margin on acoustic/thermal components.



* **Deal Structure & Feasibility:** Equipment-financing/NRE model (Apple
Fund) or syndicated CVC Series A/B equity with locked-in volume off-takes.

* **pDecision Blockers ("No" Triggers):** Polymer transfer residues degrading
electrical mobility; high Capex for R2R furnace lines ($15M-$40M/line); rapid
price erosion in consumer electronics.

### 2.10 Energy & Cleantech

* **Stprategic Fit (Why now):** Achieving Levelized Cost of Hydrogen (LCOH) $<
\$2.00/\text{kg}$ requires eliminating titanium/gold corrosion coatings on
PEM electrolyzer bipolar plates. CVD graphene drops contact resistance below
$5\text{ m}\Omega\cdot\text{cm}"2$, enables sub-10 min EV battery fast
charging, and prevents perovskite solar cell moisture degradation ($WVTR <
10n{-6}\text{ g/m}~2/\text{day}$).

* **Clarity of the Ask:** $2M-$12M Series A/B equity (Shell Ventures, CATL
Venture Fund, Siemens Energy Ventures, SLB Venturing) + Joint Development
Agreement for high-speed foil coating.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Continuous R2R
foil transfer at line speeds $>20\text{ m/min}$ matching battery/electrolyzer
Gigafactory speeds.

* **Commercial / IP Upside:** Multi-million square meter annual material
demand; long-term supply contracts with battery (CATL) and electrolyzer (Plug
Power, Siemens Energy) leaders.

* **Deal Structure & Feasibility:** CVC equity round co-funded by US DOE
ARPA-E or EU Clean Hydrogen Partnership non-dilutive grants ($1M-$1eM).

* **pDecision Blockers ("No" Triggers):** Transfer pinholes causing localized
corrosion in $pH\ 2$ acid environments; failure to match $>20\text{ m/min}$
roll-to-roll foil processing line speeds; capital intensity of continuous CVD
reactors.

### 2.11 Entertainment & Media Infrastructure

* **Strategic Fit (Why now):** Micro-LED virtual production soundstage walls
suffer localized thermal color-shifting, high-brightness cinema light heads
generate fan noise that ruins set audio, and AR/VR spatial computing requires
silent heat spreading. CVD graphene equalizes Micro-LED heat
($<1™\circ\text{C}$ variance) and enables acoustic driver THD $<0.05\%$.

* **Clarity of the Ask:** $1M-$8M Series A CVC equity (Sony Innovation Fund,
Bose Ventures, Meta Reality Labs, Disney Accelerator) + NRE development
contract.

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 6. Demonstrating
acoustic driver breakup mode suppression beyond 40 kHz and R2R Micro-LED
backplane lamination yield $>85\%$.

* **Commercial / IP Upside:** High gross margin beachhead in pro audio,
cinema lighting, and theme park interactive surfaces prior to mass consumer
rollout.

* **Deal Structure & Feasibility:** Stage-gated CVC equity round backed by



non-dilutive European public grants (EIC Accelerator, BMBF).

* **pDecision Blockers ("No" Triggers):** High initial $/m"2$ cost relative to
pyrolytic graphite; moisture delamination on outdoor event hardware; unproven
mass-production transfer tooling.

### 2.12 Environmental Technology

* **Strategic Fit (Why now):** EPA drinking water regulations for PFAS and
high municipal desalination energy OPEX (35-50% of plant cost) require next-
gen separation. Nanoporous CVD graphene membranes deliver $10\times\text{--
}100\times$ higher water flux than polyamide RO membranes, while GFET sensors
provide real-time sub-ppb gas/water monitoring.

* **Clarity of the Ask:** $2M-$10M Series A CVC equity (Honeywell Ventures,
Xylem Innovation Labs, Sensirion, DuPont Ventures) + pilot plant
demonstration grant.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Achieving
uniform sub-nanometer pore drilling across continuous R2R graphene web widths
and testing high-crossflow membrane durability.

* **Commercial / IP Upside:** Multi-million $m”*2$ membrane replacement market
in global desalination plants (DuPont, Veolia) and high-margin sensor die
sales (Honeywell, Sensirion).

* **Deal Structure & Feasibility:** Non-dilutive pilot grants (Xylem XIL
$250k) leading to CVC equity Series A and EPA/DOE co-funding.

* **Decision Blockers ("No" Triggers):** Membrane tearing under high
operating pressures ($55\text{--}70\text{ bar}$); non-uniform pore size
distribution allowing salt leakage; bio-fouling delamination in raw seawater.

### 2.13 Health & Medical Devices

* **Strategic Fit (Why now):** Continuous biosensing and neural interfaces
are bottlenecked by enzymatic degradation, signal noise, and micro-motion
tissue inflammation from rigid metals (Pt/Ir). CVD graphene provides
attomolar ($\text{1e}~{-15}\text{ M}$) gFET biosensing, 30+ day non-enzymatic
glucose monitoring, and flexible, biocompatible BCI microelectrodes.

* **Clarity of the Ask:** $3M-$15M Series A/B CVC equity (Medtronic Ventures,
Abbott Ventures, Roche Venture Fund, Dexcom Ventures, M Ventures) + JDA for
clinical packaging.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Passing ISO
10993 biocompatibility testing, pre-clinical animal safety trials, and
securing FDA 510(k) or Breakthrough Device designation.

* **Commercial / IP Upside:** Exceptionally high gross margins ($75\text{--
}95\%$) on disposable diagnostic biochips and implantable neural leads; high-
value acquisition targets for MedTech primes.

* **Deal Structure & Feasibility:** CVC equity round co-funded by NIH BRAIN
Initiative grants or EU Horizon Europe deep-tech funding (€2.5M grant + €15M
equity).

* **pDecision Blockers ("No" Triggers):** FDA regulatory clearance delays (PMA



Class III requirements); bio-fouling signal drift in raw blood/interstitial
fluid; transfer defects causing gFET channel shorts.

### 2.14 Industrial Manufacturing & Automation

* **Strategic Fit (Why now):** Unplanned factory downtime costs heavy process
industries $> \$50\text{B}$ annually. CVD graphene nanocoatings reduce
bearing/valve friction by $80\%$ ($\mu < ©.05%), halt chemical corrosion from
mineral acids ($\text{H}_2\text{SO}_ 4%, $\text{HC1l}$), and enable sub-ppb
gFET gas leak sensors for Industry 4.0.

* *¥*Clarity of the Ask:** $1M-$8M Series A/B equity (Next47 / Siemens,
Honeywell Ventures, SKF Ventures, Emerson Ventures, ABB Tech Ventures, 3M
Ventures) + pilot testbed access.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Passing 2,000-
hour severe-service acid spray, ATEX explosion-proof sensor certification,
and high-load wear testing.

* **Commercial / IP Upside:** Broad industrial adoption across drives
(Siemens, ABB), valves (Emerson), bearings (SKF), and specialty tapes (3M);
recurring high-margin component supply.

* **Deal Structure & Feasibility:** CVC equity syndication paired with US DOE
AMMTO or German BMBF Industry 4.0 grants.

* **pDecision Blockers ("No" Triggers):** High capital cost of industrial-
scale R2R CVD reactors; coating delamination under severe hydraulic
cavitation; conservative 3-5 year industrial qualification cycles.

### 2.15 Leisure, Outdoor & Recreation

* **Strategic Fit (Why now):** Qutdoor gear conglomerates (VF Corp, Columbia,
Amer Sports) seek lightweight, wire-free active heating for technical alpine
gear, while optics makers (Oakley / EssilorLuxottica) require optical-grade
(>97% transparency) electro-thermal lens anti-fogging.

* **Clarity of the Ask:** $1M-$5M Seed/Series A CVC equity (VF Corporate
Ventures, EssilorLuxottica CVC, Garmin Ventures) OR non-dilutive development
grants (Columbia Innovation Fund, Oakley Open Innovation).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Validating 50+
commercial wash-cycle durability and flexing endurance ($>100,000% cycles) on
TPU/PET textiles.

* **Commercial / IP Upside:** Rapid time-to-market (1-3 years); premium
retail price tolerance ($600+ alpine jackets, $300+ ski goggles) insulating
early high material costs.

* **Deal Structure & Feasibility:** Non-dilutive JDA grant funding for pilot
lamination leading to commercial supply off-take agreements.

* **pDecision Blockers ("No" Triggers):** Resistance loss after standard home
laundering; rigid solder joint failure at textile interconnect terminals;
substrate delamination under freezing temperatures (-30°C).



### 2.16 Optics & Photonics

* **Strategic Fit (Why now):** Compound semiconductors (InP, GaAs) and
$\text{LiNbO}_3% hit physical bandwidth and thermal limits ($<67\text{
GHz}$). Atomic monolayer CVD graphene enables $>100\text{ GHz}$ electro-
absorption modulators, universal broadband photodetectors (UV to LWIR), and
ultrafast laser saturable absorbers integrated via BEOL on 300mm silicon
photonics.

* **Clarity of the Ask:** $3M-$15M Series A/B equity (Intel Capital, TRUMPF
Venture, Sony Innovation Fund, RTX Ventures) + 300mm wafer transfer JDA.

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Meeting 300mm
foundry specifications: $I D/I G < 0.05%, sheet resistance variation $<5\%$,
contact resistance $<100\ \Omega\cdot\mu\text{m}$.

* **Commercial / IP Upside:** High-margin 300mm wafer supply ($$350\text{--
}\¢$600/\text{wafer}$ at scale); core IP ownership of graphene-on-silicon
photonic modulators; M&A buyout by equipment/optical majors.

* **pDeal Structure & Feasibility:** CVC equity round co-funded by DARPA PIPES
/ LUMI grants or EU Horizon Europe optics programs.

* **Decision Blockers ("No" Triggers):** High optical insertion loss
($>1\text{ dB/cm}$); metal ion contamination ($>107{10}\text{ atoms/cm}~2$%$)
breaching cleanroom limits; non-repeatable contact resistance.

### 2.17 Scientific & Life Science Instrumentation

* **Strategic Fit (Why now):** Cryo-Electron Microscopy (Cryo-EM) is limited
by ice thickness variation and specimen orientation bias on standard grids.
CVD graphene support grids ($3.05\text{ mm}$ diameter) provide ultra-thin,
conductive sample support ($80\%+$ gross margin consumables), while attomolar
gFET bio-cartridges revolutionize life science tools.

* **Clarity of the Ask:** $1M-$8M Series A CVC equity (M Ventures, ZEISS
Ventures, Hamamatsu Ventures, Agilent Ventures) OR non-dilutive JDA grants +
buy-out option (Thermo Fisher Scientific).

* **Technical Readiness & De-risking Path:** TRL 6 to TRL 8. High-yield
automated transfer of single-layer graphene onto TEM grid meshes and
microfluidic bio-chips.

* **Commercial / IP Upside:** Immediate high-margin cash flow ($80\%+$ gross
margins) on scientific consumables ($$50\text{--}\$200/\text{unit}$);
immediate bridge revenue prior to mass semiconductor scaling.

* **Deal Structure & Feasibility:** Equity participation combined with global
distribution agreements via scientific catalogue giants (MilliporeSigma,
Thermo Fisher).

* **Decision Blockers ("No" Triggers):** Grid surface contamination or
transfer tears reducing usable grid area $<90\%$; low automated packaging
yields; small total market ceiling compared to semiconductors.

### 2.18 Space Infrastructure & Satellites



* **Strategic Fit (Why now):** LEO/MEO satellite constellations and high-
power payloads (lasercom, SAR, edge AI GPUs) face extreme vacuum thermal
dissipation limits ($>100\text{ W/cm}"*2$ hotspots), inter-satellite lasercom
bandwidth demands ($>100\text{ Gbps}$), and $LH 2%$/He micro-permeation in
composite tanks. CVD graphene spreaders ($3,000\text{--}5,000\text{
W/m}\cdot\text{K}$) reduce junction temperatures by $18\text{--
}25M\circ\text{C}$ at $<0.1\%$% of copper mass.

* **Clarity of the Ask:** $1.5M-$7M Series A equity (Lockheed Martin
Ventures, Airbus Ventures, AE Industrial / Boeing, L3Harris Ventures) +
SpaceWERX STRATFI or DIU OTA matching awards.

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Passing Thermal
Vacuum (TVAC) cycling (-150°C to +150°C), ASTM E595 outgassing ($TML < 1\%$,
$CVCM < 0.1\%$), and Atomic Oxygen (AO) exposure.

* **Commercial / IP Upside:** Sole-source supplier status on satellite buses
(Starlink, Kuiper, SDA) and launch vehicles; high margin space-grade hardware
pricing.

* **peal Structure & Feasibility:** 1:1 or 2:1 private VC equity match
against SpaceWERX STRATFI awards (up to $15M non-dilutive capital).

* **Decision Blockers ("No" Triggers):** Outgassing failure violating
NASA/ESA space flight standards; thermal stress delamination during rapid
cryo-cycling (-253°C); long aerospace procurement cycles.

### 2.19 Sports (Professional) & Motorsports

* **Strategic Fit (Why now):** Elite athletics and Formula 1 demand sub-
millimeter biomechanical strain sensing, real-time concussion impact
tracking, and ultra-fast heat dissipation in telemetry pods. CVD graphene
provides gauge factors $>50\text{--}100%$, epidermal dry ECG/EMG bio-
potentials, and active optical de-fogging in helmet visors.

* **Clarity of the Ask:** $500k-$3M Seed/Series A equity (Nike Ventures,
adidas Ventures, Garmin Ventures, EssilorlLuxottica / Oakley) OR non-dilutive
PoC innovation grants (Catapult, Revelyst, McLaren Applied).

* **Technical Readiness & De-risking Path:** TRL 5 to TRL 7. Demonstrating
impact sensor survival under $>10,000\text{ g}$ forces and composite
autoclave curing ($120\text{--}180"\circ\text{C}$).

* **Commercial / IP Upside:** Rapid GTM validation (6-18 months); premium
retail price tolerance insulating early material costs; high-visibility brand
halo effect.

* **Deal Structure & Feasibility:** Proof-of-concept R& grant leading to
JDA, strategic equity co-investment, and exclusive sports category licensing.
* **Decision Blockers ("No" Triggers):** Sensor delamination under repeated
high-g impacts; sweat corrosion altering gFET signal-to-noise ratio; failure
to meet high-volume retail BOM targets.

### 2.20 Transportation & Rail Transit
* **Strategic Fit (Why now):** Mass EV adoption and high-speed rail transit



($350+\text{ km/h}$) require high-rate battery current collectors (reducing
contact resistance by $80\%$), SiC traction inverter heat spreaders, zero-
leak Type IV 700-bar $H_2$ tank barrier liners, and low-wear pantograph
contact strips.

* **Clarity of the Ask:** $3M-$15M Series A/B CVC equity (Tesla, Toyota
Ventures, Porsche SE / VW, GM Ventures, Hyundai CRADLE, BYD Capital, CRRC
Capital, Alstom Ventures, Bosch RBVC).

* **Technical Readiness & De-risking Path:** TRL 4 to TRL 6. Achieving high-
speed R2R foil transfer ($>20\text{ m/min}$) and passing automotive IATF
16949 / railway IRIS qualification.

* **Commercial / IP Upside:** Multi-million square meter annual material
demand; lock-in on 10+ year transportation platform manufacturing runs.

* **Deal Structure & Feasibility:** CVC equity round co-funded by US DOE VTO,
German BMBF, or Japanese NEDO Green Innovation grants (up to 66% cost-share).
* **pDacision Blockers ("No" Triggers):** Inability to scale R2R line speeds
to match battery foil coaters ($>20\text{ m/min}$); transfer pinholes
allowing hydrogen micro-leakage; 3-5 year automotive/rail testing lag.

## 3. Top 10 Company & Industry Pairings for Strategic Corporate Funding

From the 20 evaluated sectors, the following **Top 10 Company-Industry
Pairings** represent the highest-conviction, most evidence-backed corporate
development and R& funding opportunities. Each profile outlines the
strategic rationale, quantitative ask, de-risking roadmap, deal structure,
and explicit decision blockers.

| |TOP10$TRATEGHZPAHUNGS
OVERVIEW
I_

4 | 1. TSMC
Sub-2nm BEOL Interconnects & Advanced Packaging (Semiconductors) | | 2. APPLIED
MATERIALS 300mm PECVD Equipment & Dry Transfer Module Co-Development |

3. NVIDIA (NVentures) Al GPU Package TIM1/TIM2 & NVLink Optical Modulators

| 4. THERMO FISHER SCIENT — High-Margin Cryo-EM Graphene Grids & Bio-
Consumables | | 5. AIRBUS SE Electro-Thermal Wing De-Icing &
Composite LSP (Aerospace) | | 6. CATL EV Fast-Charging
Current Collectors & Solid-State Anodes | | 7.ABBOTT LABORATORIES — Non-Enzymatic
30+ Day Wearable CGM & PoC gFET Diagnostic Chips | | 8. ROBERT BOSCH GMBH ———
ADAS Sensor De-Icing & SiC Inverter Thermal Spreaders (Auto) | | 9. L3HARRIS
TECHNOLOGIES — Inter-Satellite Lasercom Modulators & Rad-Hard Space Sensors | | 10.
ESSILORLUXOTTICA — Active Heated Electro-Thermal Visors & Smart Optics (Pro
sport|




### Pairing 1: TSMC & Semiconductor BEOL Interconnects / Advanced Packaging

* **Tndustry Sector:** IT Computing & Semiconductors

* **Corporate Entity:** Taiwan Semiconductor Manufacturing Co., Ltd. (TSMC) /
Open Innovation Platform (OIP)

* **Strategic Rationale (Why Now):** At sub-2nm nodes (N2, Al16), traditional
copper interconnects hit a physical resistivity wall due to grain-boundary
electron scattering, and electromigration failures surge. Atomically thin CVD
graphene caps on Cu/Ru lines extend lifespan by $>10\times$ and reduce RC
delay by $30\%$. Furthermore, CoWoS photonic engines require ultra-compact
EAM modulators.

* **Quantitative Demand Metric:** **3.6 Million to 6.0 Million 300mm Wafer
Starts / Year** ($254,000\text{--}424,000\text{ m}"*2/\text{year}$).

* **Clarity of the Ask:** $10M-$20M Joint Development Agreement (JDA) + non-
recurring engineering (NRE) funding for pilot line integration on TSMC’s
300mm OIP ecosystem, progressing to a strategic minority equity investment.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 7.
Transitioning from batch transfer to automated 300mm dry frame-to-wafer
transfer modules; demonstrating contact resistance $<100\
\Omega\cdot\mu\text{m}$ and defect density $I D/I G < 0.05%.

* **Commercial & IP Upside for Funder:** First-mover foundry advantage for
sub-2nm Apple/NVIDIA/AMD tape-outs; co-ownership of BEOL graphene integration
patents; secured wafer-scale material supply.

* **pDeal Structure & Feasibility:** JDA co-development milestones tied to OIP
3Dblox certification, funded via TSMC Corporate R&D capital and Taiwanese
NSTC deep-tech subsidies.

* **Explicit Decision Blockers:** Any trace metallic copper or polymer
residue breaching front-end cleanroom contamination limits ($>107{10}\text{
atoms/cm}”2$); sheet resistance variation $>5\%$ across a 300mm wafer.

### Pairing 2: Applied Materials & Capital Equipment Co-Development

* **Industry Sector:** Semiconductor Equipment & Industrial R&D

* **Corporate Entity:** Applied Materials, Inc. / Applied Ventures, LLC

* **Strategic Rationale (Why Now):** Foundries cannot adopt CVD graphene
without commercially qualified 300mm cluster toolsets. Applied Materials must
lead the development of high-throughput, low-temperature
($<400™M\circ\text{C}$) PECVD reaction chambers and dry transfer modules to
capture the multi-billion dollar 2D material tool market.

* **Quantitative Demand Metric:** **50 to 120 Automated PECVD Chamber Sets /
Year** + 2,000 to 8,000 300mm Test Wafers/Year for Maydan Technology Center
evaluation.

* **Clarity of the Ask:** $3M-$8M Series A/B equity check from Applied
Ventures + joint equipment co-development agreement and shared Maydan
cleanroom line access.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 6.



Scaling directPECVD growth on 300mm dielectric wafers at temperatures
$<400™\circ\text{C}$ with growth cycle times $<3\text{ minutes/wafer}$.

* **Commercial & IP Upside for Funder:** Sole-source hardware manufacturing
and tool licensing rights for 300mm 2D material deposition platforms; high
gross margin tool sales to TSMC, Intel, and Samsung.

* **pDeal Structure & Feasibility:** Minority equity investment by Applied
Ventures paired with an NRE cost-sharing agreement and revenue-sharing
royalties on future chamber sales.

* **Explicit Decision Blockers:** Process gas precursor non-uniformity
causing pinholes; inability to achieve tool throughput $>20\text{
wafers/hour}$; IP encumbrances clear of competitive equipment makers (Tokyo
Electron, Lam Research).

### Pairing 3: NVIDIA & AI GPU Packaging Thermal Management / Lasercom

* *¥*Tndustry Sector:** IT Computing & AI Hardware

* **Corporate Entity:** NVIDIA Corporation / NVentures

* **Strategic Rationale (Why Now):** Enterprise AI GPU clusters (Blackwell,
Rubin) exceed $1,000\text{W}$ TDP per package, creating critical junction
thermal throttling. Continuous CVD graphene sheets inserted as TIM1/TIM2
spreaders lower junction temperatures by $10\text{--}18"\circ\text{C}$
($3,000+\text{ W/m}\cdot\text{K}$). Concurrently, NVLink-Optical systems
require graphene modulators for terabit GPU-to-GPU interconnects.

* **Quantitative Demand Metric:** **16,000 to 24,000 $m~2$/Year of TIM
Sheets** + 50,000 Photonic Wafers/Year.

* **Clarity of the Ask:** $5M-$15M Series A/B lead equity round from
NVentures + direct technical validation and qualification from NVIDIA
packaging engineering.

* **Technical Readiness & De-risking Path:** TRL 6 $\rightarrow$ TRL 7.
Validating TIM2 thermal impedance $<0.05\ \text{K}\cdot\text{cm}"2/\text{W}$
under 1,000-cycle thermal shock (-40°C to +125°C) with zero pump-out effect.
* **Commercial & IP Upside for Funder:** Unlocking higher GPU clock
frequencies and compute density; securing exclusive thermal material supply
for next-gen AI supercomputers.

* **Deal Structure & Feasibility:** Series B equity co-investment by
NVentures syndicated alongside tier-1 deep-tech VCs, tied to GPU package
thermal qualification milestones.

* **Decision Blockers ("No" Triggers):** Interfacial thermal resistance
degradation after power cycling; material delamination under mechanical
pressure; lack of automated pick-and-place sheet packaging tooling.

### Pairing 4: Thermo Fisher Scientific & High-Margin Cryo-EM Bio-Consumables
* **Tndustry Sector:** Scientific & Life Science Instrumentation

* **Corporate Entity:** Thermo Fisher Scientific / Materials & Structural
Analysis Division

* **Strategic Rationale (Why Now):** High-resolution Cryo-Electron Microscopy



(Cryo-EM) on Thermo Fisher’s Krios/Glacios platforms is severely limited by
ice thickness variation and preferred protein orientation on standard grids.
Monolayer CVD graphene support grids ($3.05\text{ mm}$ diameter) eliminate
background noise, providing $80\%+$ gross margin consumables that generate
immediate cash flow.

* **Quantitative Demand Metric:** **1,2 Million Cryo-EM Grid Packs / Year**
(~2,700 200mm Wafer Equivalents/Year; $18.5M Annual Material ARR).

* **Clarity of the Ask:** $3M-$15M non-dilutive Joint Development Grant +
pre-paid commercial OEM supply contract with exclusive distribution rights
through Thermo Fisher channels.

* **Technical Readiness & De-risking Path:** TRL 6 $\rightarrow$ TRL 8.
Scaling automated transfer-free single-layer graphene onto TEM grid meshes
with $<1\%$ pinhole tearing and $100\%$ surface cleanliness.

* **Commercial & IP Upside for Funder:** Capturing high-margin recurring
consumables revenue ($50-$200/grid pack); enhancing image resolution on
multi-million dollar Krios microscope installs.

* **pDeal Structure & Feasibility:** Non-dilutive milestone grant co-funding
for automated grid packaging lines, with an option for strategic buyout at a
pre-agreed ARR multiple.

* **Explicit Decision Blockers:** Polymer residues on grid surfaces causing
electron beam scattering; transfer tears reducing usable grid square area
$<90\%$; supply chain inability to scale to $>100,000\text{ grids/month}$.

### Pairing 5: Airbus SE & Civil Aircraft De-Icing / Composite Protection

* **Tndustry Sector:** Civil Aerospace

* **Corporate Entity:** Airbus SE / Airbus Ventures & Clean Aviation JU

* **Strategic Rationale (Why Now):** Clean Aviation Net Zero 2050 targets
force Airbus to shave aircraft mass and eliminate energy-intensive bleed-air
de-icing. Flexible CVD graphene heating panels reduce de-icing energy by
$60\text{--}80\%$ at $<1\text{ g/m}”*2$ mass, while providing continuous
composite lightning strike protection (LSP) and $LH_2$ tank gas barrier
containment.

* **Quantitative Demand Metric:** **15,000 to 45,000 $m~2%$/Year of Aerospace-
Grade CVD Film** (~310,000 $m~2%$/yr SAM across civil aviation).

* **Clarity of the Ask:** $2M-$8M Series A equity from Airbus Ventures + non-
dilutive matching grants via EU Clean Aviation JU / Horizon Europe.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 6.
Flight testing electro-thermal wing leading edge mats under FAA Part 25.1419
icing and Part 25.581 lightning strike protection rules.

* **Commercial & IP Upside for Funder:** 20+ year recurring production supply
contracts on A320 replacement and ZEROe platforms; compliance with strict EU
REACH / PFAS environmental laws.

* **Deal Structure & Feasibility:** 1:2 non-dilutive matching capital via EU
Clean Aviation JU, requiring minimal corporate equity draw for pilot flight-
test qualification.

* **Explicit Decision Blockers:** Galvanic corrosion between graphene and
aluminum fasteners in carbon composite joints; failure under 10,000-hour rain
erosion or thermal cycling (-55°C to +150°C); multi-year EASA flight



certification lag.

### Pairing 6: CATL & EV Fast-Charging Battery Current Collectors

* **Industry Sector:** Energy & Cleantech

* **Corporate Entity:** Contemporary Amperex Technology Co., Limited (CATL) /
CATL Venture Fund

* **Stprategic Rationale (Why Now):** Extreme fast-charging ($>3\text{C}$
Shenxing battery) and solid-state batteries generate extreme interfacial
contact resistance and lithium dendrite growth on standard copper/aluminum
foils. R2R CVD graphene foil coatings drop resistance by $>80\%$, prevent
oxidation, and halt dendrites.

* **Quantitative Demand Metric:** **5,0 Million to 15.0 Million $m”*2$/Year of
Coated Foil** (for 6-15 GWh fast-charge/solid-state production lines).

* **Clarity of the Ask:** $5M-$25M Series B/C equity investment from CATL
Venture Fund + Joint Venture (JV) roll-to-roll foil manufacturing facility
build-out.

* **Technical Readiness & De-risking Path:** TRL 4 $\rightarrow$ TRL 6.
Achieving continuous high-speed roll-to-roll CVD growth/transfer onto $6\
\mu\text{m}$ copper foil matching Gigafactory line speeds ($>20\text{
m/min}$).

* **Commercial & IP Upside for Funder:** Securing an exclusive material moat
for 10-minute fast-charging EV batteries; lowering lithium-metal solid-state
battery failure rates.

* **pDeal Structure & Feasibility:** Corporate equity co-investment combined
with a joint venture factory build-out and multi-year take-or-pay commercial
supply contracts.

* **Explicit Decision Blockers:** Roll-to-roll foil processing line speed
$<10\text{ m/min}$; pinhole defects causing localized current crowding; foil
wrinkling during high-speed roll handling.

### Pairing 7: Abbott Laboratories & Non-Enzymatic 30+ Day CGM / PoC Biochips
* **TIndustry Sector:** Health & Medical Devices

* **Corporate Entity:** Abbott Laboratories / Abbott Ventures

* **Strategic Rationale (Why Now):** Continuous glucose monitoring (FreeStyle
Libre) is bottlenecked by enzymatic wire degradation (10-14 day limit). CVD
graphene micro-filaments enable non-enzymatic, transdermal charge-transfer
glucose/lactate monitoring lasting 30+ days. Additionally, gFET microchips
enable attomolar point-of-care i-STAT diagnostic cartridges.

* **Quantitative Demand Metric:** **10,000 to 50,000 $m~2$%$/Year of Flexible
CVD Film** + 1,500 to 4,500 200mm Wafer Equivalents/Year ($10\text{M}\text{--
}50\text{M}$ diagnostic dies).

* **Clarity of the Ask:** $5M-$20M Series A/B equity from Abbott Ventures +
Joint Development Agreement for microfluidic packaging and clinical trials.

* **Technical Readiness & De-risking Path:** TRL 4 $\rightarrow$ TRL 6.
Passing ISO 10993 biocompatibility testing, 30-day continuous interstitial



fluid testing, and FDA 510(k) pre-submission.

* **Commercial & IP Upside for Funder:** Defending global CGM market
dominance against Dexcom with a 30-day sensor; $80\%+$ gross margins on
disposable gFET point-of-care cartridges.

* **peal Structure & Feasibility:** Milestone-gated CVC equity tranche tied
to FDA pre-clinical clearance, backed by commercial supply off-take options.
* **Explicit Decision Blockers:** Bio-fouling signal drift in raw
interstitial fluid/blood; non-repeatable bio-receptor functionalization;
failure to achieve unit die cost $< \$0.25%.

### Pairing 8: Robert Bosch GmbH & ADAS Sensor De-Icing / SiC Inverter
Spreaders

* **Industry Sector:** Automotive & Mobility

* **Corporate Entity:** Robert Bosch GmbH / Bosch Ventures (RBVC)

* **Strategic Rationale (Why Now):** UN ECE Reg 157 mandates all-weather
availability for Level 3/4 ADAS. Conventional heating wires distort optical
LiDAR/camera perception. CVD graphene provides crystal-clear ($>90\%$)
electro-thermal de-icing on radar/LiDAR radomes. Concurrently, 800V SiC
traction inverters require graphene spreaders to handle extreme thermal
density.

* **Quantitative Demand Metric:** **1,2 Million to 2.0 Million $m”*2%$/Year of
Automotive CVD Film** across sensor de-icing and power module lines.

* **Clarity of the Ask:** €2M-€10M Series A/B equity check from RBVC + JDA
with Bosch Mobility Solutions for AEC-Q100/Q200 component qualification.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 7.
Completing AEC-Q200 thermal shock (-40°C to +125°C) and IATF 16949 automotive
manufacturing audits.

* **Commercial & IP Upside for Funder:** Lock-in on 7-10 year automotive
platform lifecycles across European OEMs; sole-source supplier status for
ADAS climate safety covers.

* **Deal Structure & Feasibility:** CVC equity round co-funded by EU IPCEI
Hydrogen / Microelectronics public grants, reducing corporate capital risk.
* **Decision Blockers ("No" Triggers):** High unit cost relative to legacy
heating wires; transfer tears causing hot-spot burnouts; 3-5 year automotive
qualification timeline lag.

### Pairing 9: L3Harris Technologies & Inter-Satellite Lasercom / Space
Sensors

* **Tndustry Sector:** Space Infrastructure & Defense

* **Corporate Entity:** L3Harris Technologies, Inc. / L3Harris Ventures

* **Strategic Rationale (Why Now):** SDA Tranche 1/2 constellations require
high-bandwidth ($>100\text{ Gbps}$) inter-satellite laser communications
(ISLs). Monolithic CVD graphene electro-optic modulators on silicon photonics
chips eliminate heavy lithium niobate crystals. Concurrently, uncooled SWIR
photodetectors eliminate cryocooler weight ($5\text{--}15\text{ kg}$) on



missile tracking satellites.

* **Quantitative Demand Metric:** **150 to 350 200mm Photonic Wafers / Year**
+ 50 to 150 $m"2$/Year of Thermal/EMI Shielding Films ($12.5M-$28M ARR).

* **Clarity of the Ask:** $1M-$5M Series A equity from L3Harris Ventures +
SpaceWERX STRATFI matching grant application + DIU prototype OTA contract.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 6.
Passing Space TVAC thermal vacuum cycling (-150°C to +150°C), rad-hard
testing, and ASTM E595 outgassing ($TML < 1\%$).

* **Commercial & IP Upside for Funder:** Capturing primary payload contracts
for Space Development Agency (SDA) tracking/transport layers; high gross
margin ($>70\%$) space-qualified hardware.

* **pDeal Structure & Feasibility:** 1:1 or 2:1 private VC match against
SpaceWERX STRATFI awards (up to $15M non-dilutive capital).

* **Explicit Decision Blockers:** ASTM E595 outgassing failure; non-uniform
SWIR photodetector dark current; CMOS foundry wafer transfer defect density
$>0.1\%%.

### Pairing 10: EssilorLuxottica (Oakley) & Active Heated Visors / Smart
Sports Optics

* **Tndustry Sector:** Professional Sports & Leisure

* **Corporate Entity:** EssilorLuxottica SA / Oakley Innovation Lab

* **Strategic Rationale (Why Now):** Professional alpine racing and action
sports require fog-free optics. Passive double-lenses distort vision and fog
under heavy exertion. Monolayer CVD graphene transferred onto polycarbonate
lenses provides crystal-clear ($>90\%$%$ transparency) $3.7\text{V}$ electro-
thermal Joule heating, instantly clearing fog without optical distortion.

* **Quantitative Demand Metric:** **7 500 to 18,000 $m~2$/Year of Optical-
Grade CVD Film** (1.2M premium goggles/visors/yr).

* **Clarity of the Ask:** $1M-$3M Open Innovation Grant / Seed Equity check
from EssilorLuxottica CVC + Joint Development Agreement for double-curved
lens lamination.

* **Technical Readiness & De-risking Path:** TRL 5 $\rightarrow$ TRL 7.
Validating 3.7V battery heating, scratch resistance, and optical lamination
on double-curved polycarbonate visors.

* **Commercial & IP Upside for Funder:** Dominating premium alpine and
motorsports eyewear; high retail price tolerance ($$300\text{--
}\$600/\text{goggle}$) insulating early manufacturing costs.

* **Deal Structure & Feasibility:** Non-dilutive JDA prototyping grant
leading to Series A equity co-investment and exclusive eyewear category
licensing.

* **pDecision Blockers ("No" Triggers):** Optical distortion or haze
($>1.5\%%) on double-curved lenses; electrode detachment after sub-zero
impact testing (-30°C); unscalable 3D lamination tooling.

## 4. Master Industry & Company Recommendation Table



The table below synthesizes **all companies considered across all 20 industry
verticals**, presenting their sharper recommendation matrix, strategic
priority, preferred financial support mechanism, and exact annual technology
demand metrics upon commercial adoption.

MASTER INDUSTRY & COMPANY RECOMMENDATION
TABLE

| Industry Sector | Company Name | Sharper Recommendation Matrix (Priority /
Engagement Model) | Preferred Financial Support Vehicle | Annual Quantity
Demand Metrics (Upon Commercial Adoption) |

I B SEE RN RS BEE T

| **1. IT Computing** | **TSMC** | **Tier 1 (Priority #1)** - Foundry
Integration JDA | OIP Grants + NRE Off-take | 3.6M-6.0M 300mm Wafers/yr
($254k\text{--}424k\ m"2%) |

| **1. IT Computing** | **Intel Corp** | **Tier 1 (Priority #7)** - Series
A/B Equity | Intel Capital Equity ($5M\text{--}50M$) | 1.8M-2.5M 300mm
Wafers/yr ($127k\text{--}176k\ m"2$) |

| **1. IT Computing** | **Samsung Electronics**| **Tier 1 (Priority #3)** -
Series A/B CVC | Samsung Catalyst Equity ($2M\text{--}15M$) | 3.6M Wafers/yr
($254k\ m”2$) + 30k $m~2$ Mobile |

| **1. IT Computing** | **NVIDIA** | **Tier 1 (Priority #3)** - Series A/B
CVC Lead | NVentureT Equity ($5M\text{--}15M$) | 16k-24k $m~2$ TIM + 50k
Photonic Wafers/yr

| **1. IT Computing** | **Applied Materials**| **Tier 1 (Priority #1)** -
Equipment Co-Dev JDA | Applied Ventures Equity ($3M\text{--}8M$) | 50-120
PECVD Chamber Sets/yr + 2k-8k Test Wafers |

| **1. IT Computing** | **AMD** | **Tier 2** - Chiplet Thermal Pad JDA | AMD
Ventures Equity + Grants | 7.5k-12k $m”2$ Thermal Film/yr |

| **1. IT Computing** | **Micron Technology**| **Tier 2** - HBM4 Stack TIM
JDA | Micron Ventures Equity ($1M\text{--}5M$) | 1.5M-3.0M Wafers/yr
($106k\text{--}212k\ m*2%$) |

| **1. IT Computing** | **IBM Research** | **Tier 3** - NSTC / CHIPS
Consortium | Non-Dilutive CHIPS Act Grants | 15k-30k Pilot Wafers + 500 Cryo
Units/yr |

| **1. IT Computing** | **Broadcom Inc.** | **Tier 2** - CPO Transceiver Off-
take | CommercTal Supply Agreement | 35k-80k Photonic Wafers/yr ($2.5k\text{-
-}5.6k\ m"2%)

| **1. IT Computing** | **Lam Research** | **Tier 2** - Plasma CVD Tool JDA |
Lam Capital Equity ($1M\text{--}8M$) | 30-80 Tool Chamber Sets/yr |

| **2. Telecom** | **Coherent Corp.** | **Tier 1** - Strategic Equity & Off-
take | Coherent Ventures + NRE Grants | 1,000 x 200mm Photonic Wafers/yr |

| **2. Telecom** | **Cisco Systems** | **Tier 2** - CPO Engine VC | Cisco
Investments Equity ($5M\text{--}20M$) | 808 x 300mm Photonic Wafers/yr |

| **2. Telecom** | **Nokia (Bell Labs)**| **Tier 2** - Series A/B CVC | NGP
Capital Equity + EU Grants | 835 Wafers + 5,000 $m~2$ Thermal Film/yr |

| **2. Telecom** | **Huawei Tech.** | **Tier 1** - Commercial Off-take |
Hubble VC Equity ($3M\text{--}20M$) | 25,000 $m~2$ Film + 1,500 Photonic



Wafers/yr |
| **2. Telecom** | **Ericsson** | **Tier 2** - Base Station Pilot Trial |
Ericsson Ventures Equity ($2M\text{--}10M$) | 12,000 $m~2$ Film + 600
Wafers/yr |
| **2. Telecom** | **Marvell Tech.** | **Tier 3** - DSP Photonic Die JDA |
Strategic Co-Investment | 1,200 x 3@0mm Photonic Wafers/yr |
| **3. Industrial R&D**| **TDK Corporation** | **Tier 1** - Hard-Tech Sensor
Program | TDK Ventures Equity ($1M\text{--}8M$) | 15,000-60,000 $m"2$
Transferred Film/yr |
| **3. Industrial R&D**| **Merck KGaA** | **Tier 1** - Precursor & Polymer
JDA | M Ventures Equity (€2M\text{--}€15M) | 5,000-20,000 $m~2$ R&D Film
Area/yr |
| **3. Industrial R&**| **Sony Group** | **Tier 2** - SWIR Sensor Pilot |
Sony Innovation Fund ($2M\text{--}10M$) | 10,000-40,000 Sensor Wafers/yr
($300\text{--}2.8k\ m*2%$) |
| **3. Industrial R&D**| **Shell plc** | **Tier 2** - Non-Dilutive Membrane
Grant | Shell GameChanger Grant ($500k$) | 25,000-100,000 $m"2$ Membrane
Area/yr |
**4, Civil Aerospace**| **Airbus SE** | **Tier 1 (Priority #5)** - De-Icin
y g
JDA | Airbus Ventures Equity + EU Grants | 15,000-45,000 $m"2$ Aerospace
Film/yr |
| **4. Civil Aerospace**| **RTX / Collins** | **Tier 1** - De-Icing Mat Cert
g
JDA | RTX Ventures Equity ($2M\text{--}7M$) | 30,000-60,000 $m~2$ De-Icing
Film/yr |
| **4. Civil Aerospace**| **Safran S.A.** | **Tier 1** - Nacelle Thermal
Shock JDA | Safran Corporate VC (€IM\text{--}€5M) | 5,000-15,000 $m"2$
Barrier Film/yr |
**¥4, Civil Aerospace**| **Boeing Company** | **Tier 1** - Composite LSP
p g pany p
Flight Cert | Boeing HorizonX Equity ($2M\text{--}10M$) | 50,000-120,000
$m~2$ LSP Composite Film/yr |
**4, Civil Aerospace**| **GKN Aerospace** | **Tier 2** - Wing De-Icin
p p g g
Consortium | UK ATI Non-Dilutive Grant Match | 10,000-25,000 $m~2$ Wing
Leading Edge Film/yr |
**¥4, Civil Aerospace**| **Hexcel Corp.** | **Tier 3** - Prepreg Channel
p p preg
License | Corporate Strategic M&A / Investment | 20,000-50,000 $m”2$ Coated
Prepreg/yr |
| **4. Civil Aerospace**| **Honeywell Aero** | **Tier 2** - Photonic Avionics
JDA | Honeywell Ventures ($2M\text{--}8M$) | 15,000-30,000 $m"2$ TIM + 2.5k
Avionics Wafers |
**¥4, Civil Aerospace**| **Spirit AeroSys.** | **Tier 2** - AFP Composite
p p y p
Layup JDA | Spirit Innovation Grants + ATI | 15,000-35,000 $m~2$ Structural
Film/yr |
| **4. Civil Aerospace**| **Embraer / Eve** | **Tier 2** - eVTOL Rotor De-
Icing | Embraer-X / FINEP Grants ($1M\text{--}3M$) | 5,000-18,000 $m"2$ eVTOL
De-Icing Film/yr |
**4, Civil Aerospace**| **Rolls-Royce plc**| **Tier 3** - Engine Blade
p yce p g
Coating | Rolls-Royce VC / ATI Grants | 2,000-8,000 $m~2$ High-Temp Film/yr |
| **4. Civil Aerospace**| **Leonardo S.p.A.**| **Tier 3** - Tiltrotor Blade
Cert | Leonardo CVC / CDP Funds | 8,000-18,000 $m~2$ De-Icing Film/yr |
| **4. Civil Aerospace**| **PPG / Gentex** | **Tier 3** - Glass Defrost



Channel | Supplier NRE Development Grants | 8,000 $m~2$ Cockpit Window
Film/yr |
. Defense ockheed Martin ier - Stea un
**5, Def ** **Lockheed Martin** **T] 1** Stealth RAM & Skunk
Works | LMV Equity + STRATFI Match ($1M\text{--}10M$) | 15,000-25,000 $m"2$
RAM + 4k Sensor Wafers/yr |
. Defense orthrop Grumman ier - B- ea pace
**5. Def ** **North G ¥k FFTH 1** B-21 Stealth & S
RAM | Subcontracts + STRATFI Matching | 12,000-28,000 $m~2$ RAM + 2.5k RF
Wafers/yr |
. Defense ystems ier - Tempest Smar in
**5, Def ** **BAE Syst ** **T] 2%* T t S t Skin JDA
FAST Labs Grants + DASA Matching | 10,000-20,000 $m~2$ Smart Skin Film/yr |
. Defense arris Tech. ier - Tactical Comms
**5. Def ** **[3H is Tech.** **T1 2%* Tactical C EMI JDA
L3Harris VC Equity ($1M\text{--}5M$) | 4,000-10,000 $m~2$ EMI + 1.2k Sensor
Wafers/yr |
. Agriculture ara Internationa ier - In-Soi
**6. Agricult *k *xy Int ti 1% **Tj 1** In-Soil NPK
Sensor JDA | Yara Growth Ventures Equity ($1M\text{--}5M$) | 150 $m~2$ gFET
Film/yr (1.5M Soil Probes) |
. Agriculture yngenta Group ier - Diagnostic Cassette
**6. Agricult *k **g ta G ** **T] 1** Di tic C tt
JDA | Syngenta Open Innovation Grant | 400 $m”2$ gFET Film/yr (20M Diagnostic
Test Dies) |
| **6. Agriculture** | **Bayer Science** | **Tier 1** - Climate FieldView JDA
| Leaps by Bayer Equity ($5M\text{--}15M$) | 400 $m~2$ gFET Film/yr (20M
Pathogen Dies) |
| **6. Agriculture** | **John Deere** | **Tier 2** - Smart Planter Row Unit |
John Deere Ventures Equity ($3M\text{--}15M$) | 200 $m~2$ gFET Film/yr (1M
Smart Row Nodes) |
| **6. Agriculture** | **QOrbia (Netafim)**| **Tier 2** - Nanoporous
Desalination | Orbia Ventures Equity ($2M\text{--}8M$) | 10,000 $m"2$
Nanoporous R2R Membrane/yr |
| **6. Agriculture** | **Trimble Ag** | **Tier 2** - Handheld Soil Tester |
Trimble Ventures Equity ($1M\text{--}5M$) | 100 $m~2$ gFET Film/yr (1M Probe
Chips) |
| **6. Agriculture** | **Priva / Ridder** | **Tier 3** - Greenhouse
Agrivoltaic | Joint Horizon Europe Grant | 25,000 $m"2$ R2R Conductive
Film/yr |
| **6. Agriculture** | **Kubota Corp** | **Tier 3** - Orchard Robot Sensor |
Kubota CVC Equity ($1M\text{--}3M$) | 80 $m”2$ gFET Film/yr (800k Robot
Chips) |
| **7. Automotive** | **Robert Bosch** | **Tier 1 (Priority #8)** - ADAS De-
Icing | Bosch Ventures (RBVC) Equity (€2M\text{--}€10M) | 1.2M-2.0M $m"2$
Film/yr (Radar De-Icing & SiC) |
| **7. Automotive** | **Saint-Gobain** | **Tier 1** - Heated Glazing Pilot |
Sekurit NOVA Equity ($1M\text{--}5M$) | 1.5M-3.0M $m~2$ Smart Glass Film/yr |
| **7. Automotive** | **AGC Inc.** | **Tier 1** - Conductive Glass JDA | AGC
Open Innovation CVC | 1.0M-2.5M $m~2$ Conductive Glazing Film/yr |
| **7. Automotive** | **Toyota Motor** | **Tier 1** - HTWO FCEV Bipolar Plate
| Toyota Ventures Equity ($1M\text{--}5M$) | 2.0M-3.5M $m~2$ Bipolar Plate
Protection/yr |
| **7. Automotive** | **Valeo SE** | **Tier 1** - SCALA LiDAR De-Icing |
Commercial Off-take Contract | 500k-1.2M $m~2$ LiDAR Aperture Film/yr |
. Automotive roup ier - Venture Client De-Icing
**7. Aut tive** **BMW G *k **Ti 1** Vent Client De-Ici



BMW Startup Garage Non-Dilutive Grant | 2.0M-3.0M $m~2$ Radiant & Sensor
Glass/yr |

| **7. Automotive** | **Mercedes-Benz** | **Tier 1** - Hyperscreen / ADAS PoC
| StartUp Autobahn Grant + VC Equity | 1.0M-2.6M $m~2$ Display & Sensor
Film/yr |

| **7. Automotive** | **General Motors** | **Tier 2** - Cruise AV & Ultium
TIM | GM Ventures Equity ($2M\text{--}1eM$) | 1.5M-2.5M $m~2$ Sensor &
Battery TIM Film/yr |

| **7. Automotive** | **Hyundai Group** | **Tier 2** - Commercial FCEV Truck
| Hyundai CRADLE Equity ($1M\text{--}5M$) | 2.6M-3.2M $m~2$ FCEV Plate &
Sensor Film/yr |

| **7. Automotive** | **Tesla, Inc.** | **Tier 2** - 4680 Foil & FSD De-Icing
| Direct NRE Contract + Off-take | 1.0M-5.0M $m~2$ Battery Foil & Sensor
Film/yr |

| **7. Automotive** | **Continental AG**| **Tier 2** - Radar Radome Heater |
Co-Pace Grant + CVC Equity | 800k-1.2M $m~2$ Radome Heating Film/yr |

| **7. Automotive** | **Denso Corp.** | **Tier 2** - Planar Thermal
Management | Denso VC Equity ($1M\text{--}8M$) | 1.8M-2.5M $m~2$ Planar
Thermal Film/yr |

| **7. Automotive** | **Infineon Tech.**| **Tier 2** - SiC Module Thermal Pad
| CVC Equity (€2M\text{--}€8M) + IDA | 500k-1.0M $m~2$ Wafer-Scale Module
Film/yr |

| **7. Automotive** | **Stellantis N.V.**| **Tier 3** - STLA Smart Glass |
Stellantis Ventures Equity (€2M\text{--}€12M) | 800k-1.5M $m~2$ Smart Glass
Film/yr |

| **7. Automotive** | **NSG Group** | **Tier 3** - Architectural Smart Glass
| Strategic Licensing JDA | 500k-1.0M $m~2$ Glazing Film/yr |

| **8. Construction**| **Saint-Gobain** | **Tier 1** - Dynamic Glass TCE |
NOVA Series A/B Equity ($1M\text{--}5M$) | 500k-1.5M $m~2$ Smart Glass
Film/yr |

| **8. Construction**| **view / Halio** | **Tier 1** - Electrochromic ITO
Swap | Strategic R&D Grant + Off-take | 300k-1.0M $m~2$ Electrochromic
Film/yr |

| **8. Construction**| **Sika AG** | **Tier 1** - Membrane Strain Sensors |
Sika Ventures Equity ($2M$) | 100k-500k $m~2$ Sensor Mesh Film/yr |

| **8. Construction**| **CEMEX** | **Tier 1** - Smart Concrete gFET | CEMEX
Ventures Equity ($1M$) | 20k-100k $m~2$ Concrete Sensor Film/yr |

| **8. Construction**| **Hilti Group** | **Tier 1** - Smart Anchor Strain
Gauge | Hilti Ventures Equity ($1.5M$) | 5k-25k $m~2$ Micro-Strain Gauge
Film/yr |

| **8. Construction**| **PPG Industries** | **Tier 2** - Steel Primer Barrier
| PPG Ventures Equity ($2M$) | 300k-1.0M $m~2$ Protective Primer Film/yr |

| **8. Construction**| **AGC Inc.** | **Tier 2** - BIPV Solar Front Contact |
AGC Ventures Equity ($1.5M$) | 400k-1.2M $m~2$ BIPV Solar Film/yr |

| **8. Construction**| **AkzoNobel** | **Tier 2** - Facade Anti-Corrosion |
Paint the Future Grant ($200k$) | 250k-800k $m~2$ Barrier Coating Film/yr |

| **8. Construction**| **Holcim Ltd.** | **Tier 2** - Heating Roof Sublayer |
Holcim MAQER Pilot Grant ($300k$) | 200k-800k $m~2$ TPO Roofing Film/yr |

| **8. Construction**| **ArcelorMittal** | **Tier 3** - Continuous Rebar
PECVD | XCarb Fund Equity ($5M\text{--}1eM$) | 2.0M-8.0M $m~2$ Direct Steel



PECVD Film/yr |

| **9. Consumer** | **Samsung SVIC** | **Tier 1** - Foldable Display & TIM |
CVC Equity ($2M\text{--}15M$) + NRE | 800k-1.5M $m~2$ Display & Thermal
Film/yr |

| **9. Consumer** | **Apple Inc.** | **Tier 1** - Hardware TIM & GFET | Adv.
Mfg. Fund Equipment Pre-pay | 1.2M-2.5M $m~2$ Hardware Thermal/Sensor Film/yr
|

| **9. Consumer** | **Sony Innovation**| **Tier 1** - SWIR Camera & Audio |
SIF Equity ($1M\text{--}8M$) + Joint R& | 50k-150k Sensor Wafers / 100k-300k
$m~2$ Film/yr |

| **9. Consumer** | **Huawei Hubble**| **Tier 1** - Smartphone Fast Thermal |
Direct Equity ($3M\text{--}20M$) + Off-take | 1.0M-2.0M $m~2$ Thermal
Spreader Film/yr |

| **9. Consumer** | **Bosch Ventures**| **Tier 2** - Consumer MEMS Sensor |
Equity ($2M\text{--}10M$) + Cleanroom Access| 30k-100k 200mm Sensor Wafers/yr
|

| **9. Consumer** | **Bose Ventures** | **Tier 2** - TWS Audio Diaphragms |
Equity ($1M\text{--}5M$) + Exclusive Supply| 50k-150k $m~2$ Acoustic
Diaphragm Film/yr |

| **9. Consumer** | **Xiaomi Horizon**| **Tier 2** - Fast-Charge Thermal |
Venture Equity + Ecosystem Access | 800k-1.5M $m~2$ Thermal Film/yr |

| **9. Consumer** | **LG Tech Vent.** | **Tier 2** - Rollable OLED Backplane
| CVC Equity ($IM\text{--}16M$) + IV | 300k-700k $m~2$ Flexible OLED Film/yr
|

| **9. Consumer** | **Nike Valiant** | **Tier 3** - Smart E-Textile Apparel |
Innovation Grant + Seed Equity | 200k-600k $m~2$ Smart Textile Film/yr |

| **9. Consumer** | **Google / Garmin**| **Tier 3** - Wearable Health Sensor
| CVC Equity ($2M\text{--}1eM$) | 30k-80k $m~2$ Biosensor Film/yr |

| **10. Energy** | **CATL** | **Tier 1 (Priority #6)** - Fast Charge Foil |
CVC Series B/C Equity ($15M\text{--}30M$) | 5.0M-15.0M $m~2$ Coated Foil/yr |
| **10. Energy** | **Plug Power** | **Tier 1** - PEM Fuel Cell Bipolar Plate|
JDA + DOE Grant Matching ($3M\text{--}8M$) | 100k-350k $m~2$ Coated Bipolar
Plate/yr |

| **10. Energy** | **Shell plc** | **Tier 1** - Pipeline Barrier & GFET |
Shell Ventures Equity ($5M\text{--}12M$) | 150k-500k $m~2$ Barrier + 100-300
Wafers/yr |

| **10. Energy** | **SLB** | **Tier 1** - Downhole GFET Sensors | SLB
Corporate Venturing ($4M\text{--}16M$) | 200-600 200mm Wafers + 20k-60k $m"2$
Film/yr |

| **10. Energy** | **Siemens Energy**| **Tier 2** - Grid SiC Power Module |
Siemens Energy Ventures ($5M\text{--}10M$) | 40k-120k $m~2$ Plate + 500-1,500
Wafers/yr |

| **1@. Energy** | **First Solar** | **Tier 2** - Tandem PV Glass TCE | R&D
Innovation Grants ($2M\text{--}6M$) | 500k-1.5M $m~2$ PV Conductive Glass/yr
|

| **11. Entertainment**| **Sony Crystal LED**| **Tier 1** - Micro-LED Thermal
Wall | SIF Equity + Commercial Off-take | 15,000-35,000 $m~2$ Thermal
Backplane Film/yr |

| **11. Entertainment**| **Meta Reality** | **Tier 1** - AR/VR SoC Heat
Spreader | Reality Labs Grants + CVC Equity | 10,000-25,000 $m"2$ Headset



Thermal Film/yr |

| **11. Entertainment**| **Valve Corp.** | **Tier 1** - Gaming Handheld
Thermal | Direct NRE Contract + Pre-orders | 5,000-12,000 $m~2$ Handheld
Thermal Film/yr |

| **11. Entertainment**| **Sony Pro Audio** | **Tier 1** - Audiophile
Diaphragm | Sony Innovation Fund CVC Equity | 2,500-4,500 $m~2$ Acoustic
Diaphragm Film/yr |

| **11. Entertainment**| **Bose Corp.** | **Tier 1** - Low-Phase-Lag ANC
Driver | Bose Ventures Equity ($1M\text{--}5M$) | 1,800-3,200 $m"2$ ANC
Diaphragm Film/yr |

| **11. Entertainment**| **Disney Imagine**| **Tier 2** - Animatronic Touch
Skin | Disney Accelerator Equity + WDI | 3,000-8,000 $m~2$ Touch Surface
Film/yr |

| **11. Entertainment**| **ROE / Absen** | **Tier 2** - Concert Touring LED
Tile| Vendor Co-Dev Funds + Pre-orders | 40,000-80,000 $m"2$ Modular Heat
Spreader/yr |

| **11. Entertainment**| **Samsung Display**| **Tier 3** - Flexible Display
TCF | Samsung Catalyst Fund Equity | 25,000-60,000 $m~2$ Flexible Display
Film/yr |

| **11. Entertainment**| **RED / Nikon** | **Tier 3** - 8K Cine Sensor
Modulator| Nikon-RED Strategic Tech Fund | 8,000-18,000 300mm Sensor
Wafers/yr |

| **12. Environmental**| **Honeywell Vent.**| **Tier 1** - GFET Industrial
Gas Die | Honeywell Ventures Equity ($2M\text{--}10M$) | 12k-35k 200mm
Wafers/yr (18M-52M dies/yr) |

| **12. Environmental**| **Xylem Labs** | **Tier 1** - PFAS Anode & Water
gFET | XIL Grant ($250k$) + Series A Equity | 50k-150k $m”2$ Anode + 1k-3k
Sensor Wafers/yr |

| **12. Environmental**| **Sensirion AG** | **Tier 1** - CMOSens gFET Air
Sensor | CVC Seed/Series A Equity ($500k\text{--}3M$) | 8k-20k 200mm
Wafers/yr (16M-40M dies/yr) |

| **12. Environmental**| **DuPont Water** | **Tier 2** - Desalination
Membrane | DuPont Ventures Equity ($2M\text{--}1eM$) | 1.1M-2.4M $m"2$ Active
RO Membrane/yr |

| **12. Environmental**| **Cummins / Plug**| **Tier 2** - Electrolyzer
Bipolar Plate| Strategic Equity + DOE Grant Match | 150k-350k $m~2$ Coated
Plate Film/yr |

| **12. Environmental**| **Veolia Water** | **Tier 3** - Utility Scale
Membrane | Demonstration Plant Grant (€10@0k\text{--}1M) | 2.0M-5.0M $m"2$
Active Membrane/yr |

| **13. Health/Med** | **Abbott Labs** | **Tier 1 (Priority #7)** - 3@-Day
CGM | Abbott Ventures Equity ($5M\text{--}20M$) | 1@k-50k $m~2$ Film + 1.5k-
4.5k Wafers/yr |

| **13. Health/Med** | **Dexcom, Inc.** | **Tier 1** - Transdermal Wearable
Wire | Dexcom Ventures Equity ($5M\text{--}20M$) | 5,000-20,000 $m 2%
Flexible Sensor Film/yr |

| **13. Health/Med** | **Roche Diag.** | **Tier 1** - Liquid Biopsy gFET Die
| Roche Venture Fund Equity ($5M\text{--}15M$) | 2,500-8,000 200mm Wafers/yr
(16M-40M dies/yr) |

| **13. Health/Med** | **Medtronic plc** | **Tier 2** - BCI Lead & DBS Sensor



| Medtronic Ventures Equity ($3M\text{--}12M$) | 800-2,500 Wafers + 250-1,000
$m~2$ Array/yr |

| **13. Health/Med** | **Illumina, Inc.** | **Tier 2** - Nanopore Sequencing
Cell| Illumina Accelerator + Ventures | 1,200-4,000 200mm Nanopore Wafers/yr
|

| **13. Health/Med** | **Siemens Health** | **Tier 3** - Low-Dose X-Ray
Sensor | Siemens Healthineers Ventures | 800-2,500 Wafers + 100-500 $m~2$
Film/yr |

| **14. Industry** | **Siemens AG** | **Tier 1** - Sinamics VFD & Simatic
gFET| Next47 Venture Equity ($2M\text{--}10M$) | 25k-80k $m~2$ Film + 250-750
Sensor Wafers/yr |

| **14. Industry** | **Honeywell Intl.**| **Tier 1** - Experion gFET Gas Die
| Honeywell Ventures Equity ($1M\text{--}5M$) | 300-1,000 200mm Wafers + 15k-
50k $m~2$ Film/yr |

| **14. Industry** | **3M Company** | **Tier 1** - R2R Thermal & EMI Tape |
3M Ventures Equity ($1M\text{--}5M$) | 300,000-1,000,000 $m 2% R2R Film/yr |

| **14. Industry** | **AB SKF** | **Tier 1** - Low-Friction Bearing | SKF
Ventures Equity + JDA Grant | 100k-350k $m~2$ Tribo-Film + 150-450 Wafers/yr
|

| **14. Industry** | **Emerson Elec.** | **Tier 1** - Fisher Severe Service
Valve| Emerson Ventures Equity ($1M\text{--}5M$) | 40,000-150,000 $m~2$ Valve
Trim Film/yr |

| **14. Industry** | **ABB Ltd.** | **Tier 2** - MV Drive Inverter TIM | ABB
Tech Ventures Equity ($2M\text{--}8M$) | 50,000-200,000 $m"2$ Inverter TIM
Film/yr |

| **14. Industry** | **BASF SE** | **Tier 3** - Acid-Resistant Reactor | BASF
Yenture Capital (€1M\text{--}€5M) | 200,000-600,000 $m~2$ Barrier Coating/yr
| **14. Industry** | **Eaton Corp.** | **Tier 3** - Hydraulic Spool Coating |
Eaton Ventures Grant ($IM\text{--}4M$) | 30,000-120,000 $m"2$ Hydraulic
Film/yr |

| **15. Leisure** | **EssilorLuxottica**| **Tier 1 (Priority #1@)** - Ski
Goggle | Open Innovation Grant + CVC Equity | 18,000 $m”"2$ Lens Film/yr (1.2M
Goggles/yr) |

| **15. Leisure** | **Columbia Sport**| **Tier 1** - Active Heated Apparel |
Omni-Heat Innovation Grant ($500k\text{--}2M$) | 50,000 $m~2$ Outerwear
Film/yr (500k Jackets/yr) |

| **15. Leisure** | **VF Corporation** | **Tier 1** - Alpine Heated Panel |
VF Corporate Ventures ($2M\text{--}10M$) | 42,000 $m"2$ Outerwear Film/yr

(350k Jackets/yr) |
| **15. Leisure** | **Meta Reality** | **Tier 1** - VR Headset Thermal Pad |

Reality Labs Grants ($250k\text{--}2M$) | 30,000 $m"2$ Headset Film/yr (2.5M
Headsets/yr) |

| **15. Leisure** | **Garmin Ltd.** | **Tier 2** - Athleisure Bio-Sensor |
Garmin Health Fund ($1M\text{--}5M$) | 15,000 $m~2$ Sensor Film/yr (1.5M
Garments/yr) |

| **15. Leisure** | **Sony Group** | **Tier 2** - PSVR2 Haptic Glove Film|
Sony Innovation Fund ($1M\text{--}10M$) | 15,000 $m”2$ Haptic Film/yr (1M
Controllers/yr) |

| **15. Leisure** | **Amer Sports** | **Tier 2** - Arc'teryx Alpine Shell |



Amer Sports Innovation Fund | 15,000 $m~2$ Alpine Film/yr (150k Jackets/yr) |
| **15. Leisure** | **Brunswick Corp** | **Tier 2** - Marine Helm Display |
Brunswick Innovation Lab Grant | 6,250 $m~2$ Helm Screen Film/yr (25k
Boats/yr) |

| **15. Leisure** | **WHOOP, Inc.** | **Tier 3** - WHOOP Body Biometric |
Applied Sensing Hardware Fund | 6,400 $m~2$ Biometric Film/yr (800k

Garments/yr) |
| **15. Leisure** | **Trek Bicycle** | **Tier 3** - Carbon Frame Strain Skin

| Trek ACG R& Fund | 4,000 $m~2$ Frame Film/yr (80k Bikes/yr) |

| **16. Optics** | **Thorlabs Inc.** | **Tier 1** - Catalog Laser Optics |
Direct OEM Pre-procurement Funding | 5,000-15,000 150mm Wafer Equivalents/yr
|

| **16. Optics** | **TRUMPF Venture** | **Tier 1** - Industrial Laser SAM |
TRUMPF Venture Equity (€1M\text{--}€5M) | 2,000-6,000 150mm Laser Optic

Wafers/yr |
| **16. Optics** | **Lynred** | **Tier 1** - Uncooled SWIR FPA Die | EIC

Accelerator / DGA Grants | 15,000-35,000 200mm SWIR Sensor Wafers/yr |

| **16. Optics** | **Coherent Corp.** | **Tier 2** - PIC Laser Modulator JDA
| Joint Venture / Strategic JDA | 10,000-30,000 Photonic Wafers/yr |

| **16. Optics** | **Teledyne FLIR** | **Tier 2** - Defense Thermal Sight |
Defense Subcontracting Partner | 5,000-15,000 Sensor Wafers/yr |

| **17. Science Inst.**| **Thermo Fisher** | **Tier 1 (Priority #4)** - Cryo-
EM Grid | Non-Dilutive JDA Grant ($3M\text{--}15M$) | 1.2M TEM Grids/yr
(~2,700 200mm Wafers/yr) |

| **17. Science Inst.**| **Merck / M Vent.**| **Tier 1** - gFET Bio-Cartridge
| M Ventures Series A Equity ($2M\text{--}10M$) | 350,000 gFET Bio-
Cartridges/yr (~1.1k Wafers) |

| **17. Science Inst.**| **ZEISS Ventures**| **Tier 1** - Microscopy Sample
Prep | ZEISS Ventures Equity ($1M\text{--}8M$) | 250,000 Sample Prep Dies/yr
(~950 Wafers) |

| **17. Science Inst.**| **Hamamatsu** | **Tier 2** - Optoelectronic Package
| Hamamatsu Ventures Equity ($1M\text{--}5M$) | 600 200mm Optoelectronic

Wafers/yr |
| **17. Science Inst.**| **Agilent Tech.** | **Tier 2** - Microfluidic Bio-

Sensor | Agilent Ventures Equity ($2M\text{--}6M$) | 350,000 Microfluidic

Dies/yr (~1.1k Wafers) |
| **17. Science Inst.**| **Bruker Corp.** | **Tier 2** - AFM Wear-Resistant

Tip| Strategic Equity + Buyout Option | 150,000 AFM Tip Substrates/yr (~480
Wafers) |

| **17. Science Inst.**| **Horiba Sci.** | **Tier 3** - SERS Raman Substrate
| R& Grant + Open Innovation | 40,000 SERS Plate Chips/yr (~250 Wafers) |

| **17. Science Inst.**| **Keysight Tech.** | **Tier 3** - Quantum Resistance
Standard| Joint Development Grant ($1M\text{--}5M$) | 2,500 Cryo-Quantum Die
Packages/yr |

| **18. Space** | **L3Harris Tech.** | **Tier 1 (Priority #9)** - Space
Lasercom| L3Harris Ventures Equity + DIU OTA | 150-350 Photonic Wafers + 5@-
150 $m”2$ Film/yr |

| **18. Space** | **Airbus Defence** | **Tier 1** - Satellite Thermal & ISL |
Airbus Ventures Equity + ESA Grants | 200-500 $m~2$ Thermal Film + 50-120
Wafers/yr |



| **18. Space** | **Rocket Lab USA** | **Tier 1** - Composite $LH_2$ Tank |
Direct Commercial Off-take JDA | 250-750 $m~2$ Composite Tank Barrier Film/yr
|

| **18. Space** | **Lockheed Martin** | **Tier 1** - Spacecraft Rad &
Thermal| LMV Equity + SpaceWERX STRATFI | 150-400 $m~2$ Radiator Film + 100-
200 Wafers/yr |

| **18. Space** | **Planet Labs** | **Tier 2** - Hyperspectral SWIR |
Commercial Pilot POs ($4.5M\text{--}11M$) | 40-100 Sensor Wafers + 30-80
$m~2$ Film/yr |

| **18. Space** | **Boeing Spectrolab**| **Tier 2** - Solar Cell Conductor |
AE Industrial Equity + NRE Grants | 600-1,450 $m"2$ Solar Cell Conductive
Film/yr |

| **18. Space** | **Northrop Grumman**| **Tier 2** - Cryo Tank & SDA Sensor |
Subcontract + DARPA/SpaceWERX | 200-600 $m~2$ Tank Film + 100-250 Wafers/yr |
| **18. Space** | **Sierra Space** | **Tier 3** - Inflatable Habitat AO |
NASA Commercial LEO Task Orders | 300-1,000 $m~2$ Inflatable Hull Film/yr |

| **18. Space** | **BAE FAST Labs** | **Tier 3** - Rad-Hard Space ASIC | BAE
Ventures + DARPA MTO | 100-250 Rad-Hard CMOS Photonic Wafers/yr |

| **18. Space** | **Axiom Space** | **Tier 3** - AXEMU Suit Outer Layer |
NASA Artemis Spacesuit Task Order | 150-400 $m”2$ Spacesuit Outer Shield
Film/yr |

| **19. Pro Sports** | **EssilorLuxottica**| **Tier 1 (Priority #1@)** -
Oakley Visor | Open Innovation Grant + Equity | 7,500 $m”2$ Heated Visor
Film/yr (250k Visors/yr) |

| **19. Pro Sports** | **Catapult Sports** | **Tier 1** - Smart Vest Bio-
Strain | JDA + Licensing Advance ($500k\text{--}1.5M$) | 1,500 $m~ 2%
Biometric Vest Film/yr (150k Vests/yr) |

| **19. Pro Sports** | **McLaren Applied** | **Tier 1** - F1 ECU Thermal &
SHM | Strategic R&D Grant + Venture Equity | 500 $m~2$ F1 Telemetry & Aero
SHM Film/yr |

| **19. Pro Sports** | **Garmin Ltd.** | **Tier 1** - Wearable Bio-Sensor |
Garmin Ventures Equity ($1.5M\text{--}5M$) | 6,000 $m~2$ Telemetry Pod
Film/yr (600k Pods/yr) |

| **19. Pro Sports** | **adidas AG** | **Tier 2** - Thermal Athletic Gear |
HYPED PoC Grant + VC Equity | 7,500 $m”2$ Smart Textile Film/yr (300k
Items/yr) |

| **19. Pro Sports** | **Revelyst (Giro)**| **Tier 2** - Helmet Concussion
Grid | Revelyst Innovation Grant ($250k\text{--}750k$) | 4,000 $m*2$ Helmet
Impact Matrix Film/yr |

| **19. Pro Sports** | **Nike, Inc.** | **Tier 2** - Athletic Gait Strain |
Nike Kitchen JDA + CVC Equity | 10,000 $m~2$ Strain Apparel Film/yr (500k
Items/yr) |

| **19. Pro Sports** | **Specialized/Trek**| **Tier 3** - Frame SHM Strain
Grid | R&D Sponsorship + Composite JDA | 4,000 $m~2$ Bike Frame SHM Film/yr
(80k Frames/yr) |

| **19. Pro Sports** | **Amer Sports** | **Tier 3** - Racket Impact Sensor |
Innovation Grant + Anta Equity | 4,500 $m~2$ Racket/Ski Sensor Film/yr |

| **19. Pro Sports** | **Callaway Golf** | **Tier 3** - Club Head Telemetry |
Callaway Ventures Equity ($3@0k\text{--}1.2M$) | 1,600 $m~2$ Club Face
Telemetry Film/yr |



| **2@0. Transport** | **Tesla, Inc.** | **Tier 2** - 4680 Foil & FSD De-Ice |
Direct NRE Contract + Off-take | 1.0M-5.0M $m~2$ Battery Foil & Sensor
Film/yr |

| **2@0. Transport** | **Toyota Motor** | **Tier 1** - HTWO Fuel Cell & $H_2%
Tank| Toyota Ventures Equity + NEDO | 2.6M-3.5M $m~2$ FCEV Plate & Barrier
Film/yr |

| **2@0. Transport** | **Volkswagen Group**| **Tier 1** - PowerCo Cell &
CARIAD | Porsche SE VC + BMBF Grant | 2.5M-4.0M $m~2$ Battery Foil & Sensor
Film/yr |

| **2@0. Transport** | **General Motors** | **Tier 2** - GM Ultium TIM &
Cruise AV| GM Ventures Equity + US DOE VTO | 1.5M-2.5M $m”2$ Battery TIM &
Sensor Film/yr |

| **2@0. Transport** | **BMW Group** | **Tier 1** - Neue Klasse Radiant Heat |
BMW i Ventures + Startup Garage | 2.0M-3.0M $m~2$ Radiant & Sensor Glass
Film/yr |

| **2@0. Transport** | **Hyundai Group** | **Tier 1** - HTWO Truck Fuel Cell |
Hyundai CRADLE Equity + MOTIE | 2.0M-3.2M $m"2$ FCEV Plate & Tank Film/yr |

| **20. Transport** | **BYD Company** | **Tier 1** - Blade Battery Current
Foil| Strategic Offtake + BYD Capital | 5.0M-15.0M $m~2$ Battery Foil & SiC
Film/yr |

| **20. Transport** | **CRRC Corp.** | **Tier 2** - Pantograph Wear Coating |
CRRC Capital + MOST Tech Grant | 300k-500k $m~2$ Pantograph Strip Film/yr |

| **20. Transport** | **Alstom SA** | **Tier 2** - Hydrogen Regional Train |
Europe's Rail JU Grant + JDA | 150k-250k $m”2$ Train Fuel Cell Stack Film/yr
|

| **2@0. Transport** | **Robert Bosch** | **Tier 1 (Priority #8)** - ADAS
Radome | Bosch Ventures Equity + IPCEI | 1.2M-2.0M $m”2$ Radar De-Icing & SiC
Film/yr |

| **20. Transport** | **Continental AG** | **Tier 2** - ADAS Radar Radome |
Continental VC + BMWK Grant | 800k-1.2M $m~2$ Radome De-Icing Film/yr |

| **20. Transport** | **Denso Corp.** | **Tier 1** - Planar EV Thermal |
Denso VC Equity + METI Grant | 1.8M-2.5M $m~2$ Planar Thermal Film/yr |

## 5. Strategic Recommendations & Deal Execution Checklist

To translate this assessment into executed corporate funding rounds and
strategic technology acquisitions, the investment committee must enforce a
strict 5-point deal execution checklist:

1. **Mandate Dual-Track Capital Formation:** Never fund a CVD graphene target
using pure private venture equity alone. Require target startups to leverage
private CVC checks with 1:1 or 1:2 non-dilutive government grants (e.g., US
CHIPS Act, SpaceWERX STRATFI, EU EIC Accelerator, German BMBF).

2. **Partition Core vs. Application IP:** Ensure the target startup retains
total ownership of background IP (synthesis recipes, dry-transfer mechanics,
furnace tool geometry) while granting corporate partners exclusive field-of-
use application rights (e.g., exclusive right to use in Cryo-EM grids to



Thermo Fisher, or exclusive right to use in ski goggles to Oakley).
3. **Enforce Milestone-Gated Equity Tranches:** Tie investment disbursements
strictly to verified technical readiness milestones:

- *Tranche 1 (Close):* Demonstration of 30@mm wafer or continuous R2R
transfer yield $>90\%$ with sheet resistance variation $<5\%$.

- *Tranche 2 (12 Months):* Completion of environmental/qualification
standards (AEC-Q200, ISO 10993, ASTM E595, or DO-160G).

- *Tranche 3 (24 Months):* Commissioning of automated pilot production
equipment and execution of commercial take-or-pay off-take agreements.
4., **De-Risk Semiconductor Cleanroom Contamination:** Prior to backing any
microelectronics or photonics target, verify that its dry-transfer
delamination protocols are 100% free of sacrificial copper, iron, or PMMA
polymeric residues that breach $107{10}\text{ atoms/cm}”*2% cleanroom limits.
5. **prioritize High-Margin Consumables Beachheads:** Allocate early fund
capital to companies targeting immediate high-margin consumables (Thermo
Fisher Cryo-EM grids, Abbott/Roche gFET diagnostic biochips, Oakley active
heated visors) that generate positive operating cash flow within 18-24
months, bridging the runway to long-term semiconductor fab adoption.

*Memorandum compiled and finalized for Investment Committee evaluation and
Corporate Development execution.*

# EXECUTIVE INVESTMENT MEMORANDUM & STRATEGIC RESEARCH SUMMARY

**TO:** Investment Committee, Corporate Development Executive Board, and
Chief Technology Officers

**FROM: ** Corporate Development, Venture Capital, & Strategic R&D Practice
**DATE: ** September 5, 2026

**SUBJECT: ** Comprehensive Review, Corporate Investment Thesis, Industry
Recommendation Matrices, and Volumetric Demand Models for Chemical Vapor
Deposition (CVD) Graphene Technologies

**TARGET FILENAME:** "inv_research_summary cvd graphene.md’

## 1. THREE-PARAGRAPH EXECUTIVE SUMMARY OF RESEARCH ACCOMPLISHED

The research documented across the evaluation corpus represents a definitive
technological transition in carbon nanomaterials—moving from low-value,
commodity bulk graphene nanoplatelets (GNPs) and graphene oxide (GO) powders
used as passive composite additives ($10-$50/kg) to high-margin, atomically
continuous monolayer and few-layer **Chemical Vapor Deposition (CVD) graphene
films**, Synthesized via catalytic thermal pyrolysis of hydrocarbons (e.g.,
methane) on copper or nickel foils, as well as low-temperature Plasma-
Enhanced CVD (PECVD), this research demonstrates scalable pathways for both



300mm wafer-scale BEOL silicon integration and continuous 1,000mm Roll-to-
Roll (R2R) film transfer onto flexible polymers, glass, and metals. The
research establishes that continuous CVD graphene provides an unparalleled
combination of physical properties: near-theoretical in-plane thermal
conductivity ($3,000\text{--}5,000\text{ W/m}\cdot\text{K}$), room-
temperature charge carrier mobility exceeding $10,000\text{--}200,000\text{
cm}~2/\text{V}\cdot\text{s}$, optical transparency $>97.7\%$ per monolayer,
zero atomic gas permeability ($\text{H} 2, \text{Hel}$), and extreme
mechanical elasticity ($1.0\text{ TPa}$ Young's modulus), positioning it as a
category-defining deep-tech hardware platform across microelectronics,
photonics, energy, aerospace, and life sciences.

Quantified empirical milestones achieved across the research demonstrate
immediate solutions to physical bottlenecks where conventional material
physics has stalled. In semiconductor packaging and logic scaling, sub-2nm
copper interconnects capped with monolayer CVD graphene exhibit a $>10\times$
extension in electromigration lifespan and up to $30\%$ reduction in total RC
delay, while thermal interface layers (TIM1/TIM2) lower junction temperatures
by $10\text{--}18"\circ\text{C}$ in $1,000\text{W+}$ AI GPU accelerators
(e.g., NVIDIA Blackwell/Rubin). In optoelectronics and telecommunications,
graphene-on-silicon/SiN electro-absorption modulators achieve ultra-high
bandwidths ($>100\text{ GHz}$) with energy footprints $<100\text{ fI/bit}$
across the 0-band and C-band. In environmental and defense domains, CVD
graphene films deliver complete atomic oxygen (AO) resistance in Low Earth
Orbit, $10\times\text{--}100\times$ higher water flux in nanoporous
desalination membranes, sub-parts-per-billion (ppb) gas sensing via Graphene
Field-Effect Transistors (gFETs), and electro-thermal anti-icing consuming
$60\text{--}80\%$ less power than resistive metallic wires.

From a corporate development and venture perspective, the research maps a
highly capital-efficient commercialization framework underpinned by corporate
venture capital (CVC) syndication and non-dilutive public matching grants
(including U.S. CHIPS Act NAPMP, DoD STRATFI/TACFI, EU Horizon Europe / EIC
Accelerator, and Japanese NEDO). However, corporate funding decisions face
explicit **decision blockers** that must be de-risked prior to high-volume
manufacturing (HVM) adoption:

1. **Transfer Defectivity & Pinhole Control:** Polymer-assisted transfer
(e.g., PMMA) creates micro-tears and pinholes that compromise gas barrier
impermeability and lower gFET die yield.

2. **CMOS Fab Contamination:** Copper ion contamination from catalytic growth
foils is strictly prohibited in front-end semiconductor cleanrooms,
necessitating dry-decoupling or dedicated BEOL transfer tools.

3. **Long Qualification Timelines:** Extended testing cycles (AEC-Q100
automotive, FAA/EASA Part 25 airworthiness, FDA 510(k)/PMA medical, and IATF
16949) create 3-to-5-year revenue lags.

4. **Cost Parity Targets:** Achieving target unit economics ($\le
\$35/\text{wafer pass}$ for logic caps; $\le \$15\text{--}\$25/\text{m}~2$
for automotive/display R2R films) requires automated dry transfer tools
operating at line speeds $>2.0\text{ m/min}$.



## 2. CORPORATE DEVELOPMENT & R&D LEADERSHIP EVALUATION BY INDUSTRY

Below is a detailed corporate development, venture, and R& evaluation across
all 24 industry sectors documented in the research memo, outlining insertion
points, decision blockers, funding logic, and prioritized recommendation
matrices.

### 2.1 IT Computing & Heterogeneous Semiconductor Packaging

* **Technical Insertion Points:** Sub-2nm BEOL copper/ruthenium interconnect
capping layers; AI GPU TIM1/TIM2 heat spreaders; silicon photonics Co-
Packaged Optics (CPO) modulators; 12H/16H HBM stack interlayers.

* **Decision Blockers:** Copper ion contamination in CMOS foundries; 300mm
wafer transfer defect density ($I_D/I_G > 0.05%); contact resistance $R _c >
100\ \Omega\cdot\mu\text{m}$.

* **Corporate R& Funding Rationale:** Critical to maintain Moore's Law and
resolve $1\text{kW+}$ thermal throttling in AI data center accelerators.

#### Sharper Recommendation Matrix: IT Computing & Packaging

| Company Name | Industry Sector | Adoption Score (1-5) | TRL Level (1-9) |
Financial Support Mechanism | Strategic Action & Engagement Strategy | Est.
Annual Quantity Needed (Steady State) |

I I B T e B B I

| **NVIDIA Corporation** | IT Computing | 4.9 | TRL 7 | NVentures Equity
($2M-$20M) + Offtake | Lead Series A/B with NVentures for Rubin GPU TIM2
qualification | 16,000-24,000 m? TIM + 50,000 Photonic Wafers/yr |

| **TSMC** | IT Computing | 4.8 | TRL 6 | JDA, OIP Grants, Joint University
R& | Seek Strategic JDA + OIP pilot line qualification | 3,600,000-6,000,000
WSPY (254,000-424,000 m2/yr) |

| **Samsung Electronics** | IT Computing | 4.7 | TRL 7 | Catalyst/SVIC Equity
($1M-$30M), GRO | Syndicate Equity Round with SCF for mobile TIM & DRAM caps
| 3,600,000 WSPY (254,000 m2/yr) + 30,000 m2 Mobile/yr |

| **Intel Corporation** | IT Computing | 4.6 | TRL 6 | Intel Capital Equity
($5M-$50M), Grants | Co-Lead Series B with Intel Capital for Intel 14A
PowerVia roadmap | 1,800,000-2,500,000 WSPY (127,000-176,000 m2/yr) |

| **Broadcom Inc.** | IT Computing | 4.6 | TRL 6 | Strategic JDA, Offtake
Contracts | Commercial Supply Agreement for CPO optical lines | 35,000-80,000
Photonic Wafers/yr (2,500-5,600 m2/yr) |

| **Applied Materials** | IT Computing | 4.5 | TRL 6 | Applied Ventures
Equity ($1M-$10M), IDA | Equipment Co-Development Agreement for 300mm PECVD
modules | 50-120 CVD Chamber Sets/yr |

| **Micron Technology** | IT Computing | 4.5 | TRL 6 | Micron Ventures Equity
($1M-$5M) | Participate in Series A with Micron Ventures for HBM4 16H cooling
| 1,500,000-3,000,000 WSPY (106,000-212,000 m2/yr) |

| **AMD** | IT Computing | 4.4 | TRL 5 | AMD Ventures Equity, R&D Grants |
Execute JDA for chiplet thermal pads in 3D V-Cache | 7,500-12,000 m2 Thermal



Film/yr |

| **Lam Research** | IT Computing | 4.3 | TRL 5 | Lam Capital Equity ($1M-
$8M), JIDA | Tool Integration JDA with Lam Capital for low-temp PECVD | 30-80
Chamber Sets/yr |

| **IBM Research** | IT Computing | 4.2 | TRL 5 | IBM Ventures, CHIPS Act
Grants | Non-Dilutive Consortium Partnership via Albany Nanotech | 15,000-
30,000 Pilot Wafers + 500 Cryo Units/yr |

### 2.2 IT Telecommunications Infrastructure

* **Technical Insertion Points:** 1.6T/3.2T optical transceiver electro-
absorption modulators; GaN-on-SiC power amplifier heat spreaders in 5G-
Advanced/6G Active Antenna Units (AAUs).

* **Decision Blockers:** High insertion loss at optical interfaces; physical
die handling during dry transfer; complex integration with Indium Phosphide
(InP) and Silicon Nitride ($\text{Si} 3\text{N}_4%).

* **Corporate R& Funding Rationale:** Replaces bulky Mach-Zehnder modulators
and eliminates thermal throttling in 500W+ switching ASICs and massive MIMO
base stations.

#### Sharper Recommendation Matrix: IT Telecommunications

| Company Name | Industry Sector | Strategic Score (max 30) | Adoption
Velocity (1-5) | Recommended Engagement Strategy | Est. Annual Quantity
Needed (Steady State) |

R I e T I TP B

| **Intel Corp.** | IT Telecom | 28 | 4 | Lead Co-Investor: Series A/B lead
via Intel Capital | 3,500-6,000 x 300mm Wafers/yr |

| **TSMC** | IT Telecom | 27 | 4 | Tooling JDA: Foundry qualification & OIP
inclusion | 10,000 x 300mm Wafers/yr |

| **Huawei Tech.** | IT Telecom | 27 | 5 | Off-Take & Hubble VC: High-volume
commercial buy | 25,000 m2 Film + 1,500 Wafers/yr |

| **Coherent Corp.** | IT Telecom | 26 | 4 | Strategic Equity & Off-Take: M&A
target potential | 1,000 x 200mm Wafers/yr |

| **Nokia (Bell Labs)** | IT Telecom | 25 | 4 | Co-Lead Investor: NGP Capital
+ EU Grant JDA | 835 x 300mm Wafers + 5,000 m2 Film/yr |

| **Samsung (SVIC)** | IT Telecom | 25 | 4 | CVC Equity (SVIC): Thermal sheet
JV with SAIT | 30,000 m? Film + 2,500 Wafers/yr |

| **Cisco Systems** | IT Telecom | 24 | 3 | Strategic VC: Cisco Investments
CPO engine funding | 808 x 300mm Wafers/yr |

| **Ericsson** | IT Telecom | 23 | 4 | Pilot Trial & VC: Ericsson Ventures
base station PA | 12,000 m2 Film + 600 Wafers/yr |

| **Broadcom Inc.** | IT Telecom | 23 | 3 | NRE Development Contract: CPO
switch modulator JDA | 2,000-4,500 x 300mm Wafers/yr |

| **Marvell Tech.** | IT Telecom | 21 | 3 | JDA & Co-Investment: DSP photonic
die integration | 1,200 x 300mm Wafers/yr |



### 2.3 Industrial R&D / Advanced Materials

* **Technical Insertion Points:** Wafer-scale transfer tools; precursor gas
chemistry; transparent electrodes; specialized sensors and thermal films.

* **Decision Blockers:** High capital expenditure for 300mm CVD reactors;
PMMA polymer transfer residue degrading sheet resistance; long semiconductor
qualification timelines.

* **Corporate R& Funding Rationale:** Establishes critical equipment and
chemical supply chains necessary for foundry-wide 2D material adoption.

#### Sharper Recommendation Matrix: Industrial R&D

| Company Name | Industry Sector | Overall Score (out of 25) | Priority Rank
| Primary Actionable Next Step | Est. Annual Quantity Needed (Steady State) |
I I e B T B e BT

| **Applied Materials** | Industrial R& | 23 | Rank 1 | Pitch Applied
Ventures for Series A + Maydan cleanroom JDA | 2,000-8,000 Test Wafers/yr
(140-560 m2/yr) |

| **TDK Corporation** | Industrial R& | 23 | Rank 1 | Apply for TDK Ventures
hard-tech program for sensor pilot | 15,000-60,000 m2/yr |

| **Samsung / SVIC** | Industrial R& | 21 | Rank 2 | Submit joint R&D
proposal to SAIT Materials Center via SVIC | 50,000-200,000 m2/yr |

| **Coherent Corp.** | Industrial R& | 20 | Rank 3 | Negotiate JDA & NRE
grant for 200mm photonic film sampling | 5,000-20,000 Wafers/yr (150-600
m2/yr) |

| **Intel Corp / Capital**| Industrial R& | 20 | Rank 3 | Target Intel Labs
with sub-2nm BEOL electromigration data | 5,000-15,000 Pilot Wafers/yr (150k-
300k HVM) |

| **Merck KGaA / M Ventures**| Industrial R&D | 20 | Rank 3 | Pitch M
Ventures for precursor chemistry co-development | 5,000-20,000 m2/yr R& Film
Area |

| **Lockheed Martin** | Industrial R& | 19 | Rank 4 | Apply for LMV co-
funding alongside Phase II SBIR proposals | 2,000-10,000 m2/yr |

| **TSMC** | Industrial R&D | 18 | Rank 5 | Apply to TSMC Open Innovation
Platform 2D working group | 10,000-25,000 Pilot Wafers/yr (>500k HVM) |

| **Sony Group** | Industrial R& | 18 | Rank 5 | Engage Sony Innovation Fund
for SWIR photodetector pilot | 10,000-40,000 Wafers/yr (300-2,800 m2/yr) |

| **Shell plc** | Industrial R&D | 18 | Rank 5 | Apply for Shell GameChanger
$500k grant for gas separation | 25,000-100,000 m2/yr |

### 2.4 Civil Aerospace

* **Technical Insertion Points:** Electro-thermal wing/tail/nacelle de-icing
mats; composite airframe lightning strike protection (LSP) interlayers; smart
cockpit window defrosting; $LH 2$ cryogenic tank barrier films.

* **Decision Blockers:** Multi-year FAA/EASA airworthiness qualification
(Part 25.1419 / Part 25.581); AS9100D manufacturing certification; B-basis/A-
basis allowable statistical material database creation under CMH-17.

* **Corporate R& Funding Rationale:** Eliminates heavy copper expanded metal
mesh (saving 250 kg per widebody airframe) and replaces bleed-air de-icing on
bleedless/electric aircraft platforms.



#### Sharper Recommendation Matrix: Civil Aerospace

| Company Name | Industry Sector | Investor Tier Category | Expected Capital
Source & Ticket Size | Strategic Action & Key Qualification Milestone | Est.
Annual Quantity Needed (Steady State) |
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| **Airbus SE** | Civil Aerospace | Tier 1: Lead CVC & Offtake | Airbus
Ventures ($2M-$8M Equity) | TRL 6 Flight Test on Wing Leading Edge | ~50,000
m2/yr |

| **RTX / Collins Aerospace**| Civil Aerospace | Tier 1: Lead CVC & Module
Integrator | RTX Ventures ($2M-$7M Equity) | FAA Part 25.1419 De-Icing Mat
Certification | ~35,000 m2/yr |

| **Safran S.A.** | Civil Aerospace | Tier 1: Lead CVC & Nacelle Partner |
Safran Corporate VC (€1M-€5M Equity) | Nacelle Cowl Thermal Shock
Certification | ~25,000 m2/yr |

| **The Boeing Company** | Civil Aerospace | Tier 1: Lead CVC & Airframe OEM
| Boeing HorizonX ($2M-$16M Equity) | FAA Part 25.581 Composite LSP
Certification | ~120,000 m2/yr |

| **GKN Aerospace** | Civil Aerospace | Tier 2: Grant/JDA Consortium Lead |
UK ATI Grant Match (£2M-£5M Non-Dilutive) | Maxem™ De-Icing Wing Integration
| ~15,000 m2/yr |

| **Hexcel Corporation** | Civil Aerospace | Tier 3: Prepreg Channel
Converter | Corporate Strategic Investment / M&A | AS9100 Master-Roll Prepreg
Commercialization | ~10,000 m2/yr |

| **Honeywell Aerospace** | Civil Aerospace | Tier 1: CVC / Avionics Lead |
Honeywell Ventures ($2M-$8M Equity) | Wafer-Scale Photonic Avionics
Reliability | ~5,000 200mm Wafers/yr + ~2,000 m2 Film/yr |

| **Spirit AeroSystems** | Civil Aerospace | Tier 2: Grant/JDA Manufacturing
Lead | Spirit Innovation Center / ATI Grants | AFP Composite Layup Machine
Compatibility | ~15,000 m2/yr |

| **Embraer / Eve Air Mobility**| Civil Aerospace | Tier 2: eVTOL / Early
Adopter | Embraer-X / FINEP Grants ($1M-$3M) | eVTOL Rotor Blade Ice
Protection Certification | ~18,000 m2/yr |

| **Rolls-Royce plc** | Civil Aerospace | Tier 2: Engine Thermal Partner |
Rolls-Royce VC / ATI Grants | UltraFan Blade Erosion Coating | ~3,000 m2/yr |
| **Leonardo S.p.A.** | Civil Aerospace | Tier 2: European Aerostructures |
Leonardo CVC / CDP Funds | Civil Tiltrotor Blade De-Icing Qualification |
~5,000 m2/yr |

| **PPG / Gentex** | Civil Aerospace | Tier 3: Window Channel Partner |
Supplier NRE Grants ($500k-$2M) | Cockpit Glass Defrost Optical Transparency
| ~8,000 m2/yr |

### 2.5 Aerospace & Defense

* **Technical Insertion Points:** Multi-spectral stealth radar absorbing
material (RAM) skins; high-power GaN AESA radar thermal spreaders
($>1,000\text{ W/cm}”*2%$); uncooled SWIR photodetector arrays; UAV anti-icing.
* **Decision Blockers:** ITAR/EAR export restrictions; galvanic corrosion
between graphene and aluminum fasteners in composite joints; strict MIL-STD-



810G thermal cycling and DO-160G lightning testing.

* **Corporate R& Funding Rationale:** Solves localized thermal breakdown in
6th-gen fighters (NGAD, B-21) and delivers active, electrically tunable RCS
stealth skins across RF and IR spectrums.

#### Sharper Recommendation Matrix: Aerospace & Defense

| Company Name | Industry Sector | Adoption Feasibility (10) | Platform
Synergy (10) | Recommended Strategic Action Plan | Est. Annual Quantity
Needed (Steady State) |

T I R B e B e BT

| **RTX Corporation** | Aerospace & Defense | 9.0 | 9.5 | Immediate Series A
Co-Investment via RTX Ventures | 30,000-60,000 m2 + 2,500 kg TIM/yr |

| **Lockheed Martin** | Aerospace & Defense | 8.5 | 9.5 | JDA with Skunk
Works + AFWERX STRATFI Match | 15,000-25,000 m2 + 4,000 Wafers/yr |

| **The Boeing Company** | Aerospace & Defense | 8.0 | 9.0 | LSP Flight
Certification Joint Testbed | 50,000-120,000 m2 + 10,000m Sensor Tape/yr |

| **Northrop Grumman** | Aerospace & Defense | 8.0 | 9.0 | B-21 RAM & Space
Radiator Proposal | 12,000-28,000 m? + 2,500 Wafers/yr |

| **Airbus SE** | Aerospace & Defense | 8.5 | 8.5 | Rotor De-Icing EU Defense
Fund Co-Application | 40,000-90,000 m2/yr |

| **BAE Systems (FAST Labs)**| Aerospace & Defense | 8.0 | 8.5 | Tempest
Smart Skin UK DASA Proposal | 10,000-20,000 m? + 3,000 m2 Display/yr |

| **Honeywell Aerospace** | Aerospace & Defense | 8.0 | 8.8 | Avionics TIM
Supply Agreement | 15,000-30,000 m2 + 3,000 Wafers/yr |

| **L3Harris Technologies**| Aerospace & Defense | 7.5 | 8.0 | Tactical Radio
EMI Prototype OTA | 4,000-10,000 m? + 1,200 Wafers/yr |

| **Safran S.A.** | Aerospace & Defense | 6.5 | 7.5 | CMC High-Temp Coating
Long-Term R&D JDA | 5,000-15,000 m2/yr |

### 2.6 Agriculture

* **Technical Insertion Points:** Graphene Field-Effect Transistor (gFET)
soil NPK chemical sensors; point-of-use crop disease diagnostic chips;
single-layer nanoporous desalination membranes; smart greenhouse agrivoltaic
films.

* **Decision Blockers:** Sensor drift and bio-fouling in soil environments;
cost targets ($\le \$0.50\text{--}\$1.00/\text{die}$); field-durability of
fluidic encapsulations.

* **Corporate R& Funding Rationale:** Enables sub-ppm molecular field
sensing required to comply with EU *Farm to Fork* directives mandating $20\%$
fertilizer and $50\%$ pesticide reductions by 2030.

#### Sharper Recommendation Matrix: Agriculture

| Company Name | Industry Sector | Composite Score (/100) | Priority Rank |
Priority Ranking & Action Recommendation | Est. Annual Quantity Needed
(Steady State) |

I I R A I e B BT

| **Yara International** | Agriculture | 89.5 | Tier 1 | Pursue CVC



investment + NPK sensor off-take agreement | 150 m2/yr Monolayer (1.5M soil
chips/yr) |

| **Syngenta Group** | Agriculture | 89.0 | Tier 1 | Apply for Syngenta grant
+ Series A pitch to Syngenta VC | 400 m2/yr Monolayer (20M test dies/yr) |

| **Bayer Crop Science** | Agriculture | 87.5 | Tier 1 | Pitch Leaps by Bayer
for lead institutional check ($5M-$15M) | 400 m2/yr Monolayer (20M diagnostic
dies/yr) |

| **John Deere** | Agriculture | 85.5 | Tier 2 | Structure JDA with ISG;
pitch John Deere Ventures | 200 m2/yr Monolayer (1.0M smart planter nodes/yr)
I

| **Orbia (Netafim)** | Agriculture | 80.0 | Tier 2 | Co-develop pilot
nanoporous filtration units with Orbia VC | 10,000 m?/yr Nanoporous Membrane
I

| **Trimble Ag** | Agriculture | 79.0 | Tier 2 | Pitch Trimble Ventures for
handheld agronomy probe distribution | 100 m2/yr Monolayer (1.0M probe
chips/yr) |

| **Priva / Ridder** | Agriculture | 77.0 | Tier 3 | Joint Horizon Europe
grant app for agrivoltaics | 25,000 m2/yr R2R TCF Film |

| **Kubota Corp** | Agriculture | 72.5 | Tier 3 | Pursue Kubota CVC for
vineyard robotics sensors | 80 m2/yr Monolayer (800k sensor chips/yr) |

### 2.7 Automotive

* **Technical Insertion Points:** ADAS LiDAR/radar radome transparent
heaters; high-voltage SiC traction inverter heat spreaders; GFET cabin air
and battery off-gas thermal runaway sensors; fuel cell bipolar plate
coatings.

* **Decision Blockers:** 3-to-5-year automotive qualification cycles (AEC-
Q100/Q200, IATF 16949, ISO 26262); cost parity vs. legacy tungsten wires/ITO
films ($15\text{--}\$25/\text{m}~2$ target at volume).

* **Corporate R& Funding Rationale:** Enables UN ECE Regulation 157
compliance for Level 3/4 all-weather autonomous driving without optical
diffraction caused by heating wires.

#### Sharper Recommendation Matrix: Automotive

| Company Name | Industry Sector | Composite Score (/100) | Priority Tier |
Recommended Action & Engagement Strategy | Est. Annual Quantity Needed
(Steady State) |

| i--- | ie-- | imemr | ieemn | i - ] - |

| **Robert Bosch GmbH** | Automotive | 93.2 | Tier 1 | Series A/B CVC + GFET
JDA with Bosch Ventures | ~150,000 m2/yr (Sensors/TIM/Radomes) |

| **Saint-Gobain Sekurit**| Automotive | 92.7 | Tier 1 | NOVA Equity + R2R
Pilot Line Co-Development | ~2,500,000 m2/yr (Smart Glass/Glazing) |

| **AGC Inc.** | Automotive | 91.6 | Tier 1 | CVC Equity + Co-Development
Agreement | ~2,000,000 m2/yr (Automotive Glazing) |

| **Toyota Motor Corp.** | Automotive | 91.2 | Tier 1 | Toyota Ventures +
HTWO FCEV JDA | ~1,800,000 m2/yr (PEMFC/Sensors) |

| **Valeo SE** | Automotive | 89.6 | Tier 1 | SCALA LiDAR Heater Offtake
Agreement | ~600,000 m2/yr (LiDAR/Radar Heaters) |



| **BMW Group** | Automotive | 89.6 | Tier 1 | BMW Startup Garage Venture
Client Program | ~1,200,000 m2/yr (Smart Glass/Sensors) |

| **Mercedes-Benz** | Automotive | 88.9 | Tier 1 | StartUp Autobahn PoC + CVC
Investment | ~1,000,000 m2/yr (Hyperscreen/Sensors) |

| **General Motors** | Automotive | 86.9 | Tier 2 | GM Ventures Equity +
Ultium JDA | ~1,500,000 m2/yr (Ultium/Cruise) |

| **Hyundai Group** | Automotive | 86.8 | Tier 2 | CRADLE Equity + FCEV Pilot
| ~1,200,000 m2/yr (HTWO/FCEV) |

| **Tesla, Inc.** | Automotive | 85.5 | Tier 2 | Direct NRE / Offtake
Contract for 4680 Line | ~3,000,000 m2/yr (Current Collectors/Glass) |

| **Continental AG** | Automotive | 84.5 | Tier 2 | Co-Pace Pilot Grant + CVC
Investment | ~800,000 m?2/yr (Sensors/Displays) |

| **Denso Corp.** | Automotive | 83.8 | Tier 2 | CVC Investment + Thermal JDA
| ~1,000,000 m?2/yr (Thermal/Packaging) |

| **Infineon Tech.** | Automotive | 82.9 | Tier 2 | SiC Module Co-Development
Agreement | ~100,000 Wafers/yr (SiC Packaging) |

| **Stellantis N.V.** | Automotive | 82.1 | Tier 3 | Stellantis Ventures
Equity Investment | ~800,000 m2/yr (Displays/HVAC) |

| **NSG Group** | Automotive | 78.8 | Tier 3 | Smart Glass Licensing / JDA |
~500,000 m2/yr (Smart Glass) |

### 2.8 Construction

* **Technical Insertion Points:** ITO replacement in electrochromic smart
windows; structural steel/rebar anti-corrosion barriers; embedded concrete
structural health monitoring (SHM) strain sensors; planar radiant heating.
* **Decision Blockers:** Long sales and qualification cycles in building
materials (ASTM, ISO testing $>36\text{ months}$); price sensitivity vs.
commodity epoxy coatings ($10\text{--}\$20/\text{m}"2%).

* **Corporate R& Funding Rationale:** Reduces structural building envelope
carbon footprints, speeds up electrochromic tint switching time by $40\%$%,
and prevents multi-billion-dollar rebar corrosion failures.

#### Sharper Recommendation Matrix: Construction

| Company Name | Industry Sector | Feasibility Score (1-10) | Conv. Prob. |
Optimal Investment & Strategic Action Plan | Est. Annual Quantity Needed
(Steady State) |

| i--- | ie-- | imemr | ieemn | i - ] - |

| **Saint-Gobain (SageGlass)**| Construction | 9 / 1@ | HIGH | CVC Equity
(NOVA Series A/B) + SageGlass JDA | 500,000-1,500,000 m2/yr |

| **View, Inc. / Halio** | Construction | 9 / 10 | HIGH | Strategic R&D Grant
+ Take-or-Pay Contract | 300,000-1,000,000 m2/yr |

| **Sika AG** | Construction | 8 / 10 | HIGH | Sika Ventures Equity ($2M) +
Licensing | 100,000-500,000 m2/yr |

| **CEMEX Ventures** | Construction | 8 / 10 | HIGH | CEMEX Ventures Equity
($1M) + ConcreteIQ | 20,000-100,000 m2/yr |

| **Hilti Group** | Construction | 8 / 10 | HIGH | Hilti Ventures Equity
($1.5M) + OEM Co-Dev | 5,000-25,000 m2/yr |

| **PPG Industries** | Construction | 7 / 1@ | MEDIUM | PPG Ventures Equity



($2M) + R&D Co-Funding | 300,000-1,000,000 m2/yr |

| **AGC Inc.** | Construction | 7 / 10 | MEDIUM | AGC Ventures Equity ($1.5M)

+ BIPV Grant | 400,000-1,200,000 m2/yr |

| **AkzoNobel** | Construction | 6 / 1@ | MEDIUM | Paint the Future Grant
rightarrow$ Series ,000-800, m2/yr

$200k) $\right $ Seri A 250,000-800,000 m2/

| **Holcim Ltd.** | Construction | 6 / 10 | MEDIUM | Holcim MAQER Pilot Grant

($300k) + Co-Invest | 200,000-800,000 m2/yr |

| **ArcelorMittal** | Construction | 5 / 10 | MED-LOW | XCarb® Fund Equity

($5M-$16M) + PECVD Pilot | 2,000,000-8,000,000 m2/yr |

### 2.9 Consumer Industry Verticals

* **Technical Insertion Points:** Acoustic diaphragms in TWS
earbuds/headphones; ultra-thin thermal spreaders in foldable smartphones and
AR/VR visors; flexible OLED transparent electrodes; wearable GFET biosensors.
* **pecision Blockers:** R2R transfer pinhole/tear defects; sacrificial PMMA
polymer residue; competition from cheap ITO and synthetic pyrolytic graphite
sheets.

* **Corporate R& Funding Rationale:** Delivers $<0.05\%$ THD audio
distortion, enables fanless AR glasses thermal management ($3,000\text{--
}5,000\text{ W/m}\cdot\text{K}$), and provides non-fracturing display
backplanes.

#### Sharper Recommendation Matrix: Consumer Verticals
| Company Name | Industry Sector | Investment Tier | Preferred Financial
Vehicle | TRL Req. | Expected Deal / Grant Size | Est. Annual Quantity Needed
(Steady State) |

e B I T TR BT R
| **Samsung Catalyst / SVIC**| Consumer | Tier 1 (Anchor) | CVC Equity ($2M-
$15M) + NRE Contract | TRL 6-7 | $5M - $15M | 800,000-1,500,000 m2/yr |
| **Apple Adv. Mfg. Fund** | Consumer | Tier 1 (Anchor) | Equipment Grants &
Pre-paid Offtake | TRL 6-8 | $1eM - $35M | 1,200,000-2,500,000 m2/yr |
| **Sony Innovation Fund** | Consumer | Tier 1 (Anchor) | CVC Equity ($1M-
$8M) + Joint R&D | TRL 6-7 | $3M - $16M | 50k-150k Wafers / 100k-300k m2/yr |
| **Huawei Hubble Investment**| Consumer | Tier 1 (Anchor) | Direct Equity
($3M-$20M) + Offtake | TRL 7-8 | $5M - $2eM | 1,000,000-2,000,000 m2/yr |
| **Bosch Ventures (RBVC)** | Consumer | Tier 2 (Co-Lead) | Equity ($2M-$10M)
+ Foundry Access | TRL 5-6 | $2M - $8M | 30,000-100,000 200mm Wafers/yr |
| **Bose Ventures** | Consumer | Tier 2 (Co-Lead) | Equity ($1M-$5M) +
Exclusive Supply | TRL 6-7 | $2M - $5M | 50,000-150,000 m2/yr |
| **Xiaomi Horizon / Shunwei**| Consumer | Tier 2 (Follow) | Venture Equity +
Ecosystem Access | TRL 6-7 | $2M - $7M | 800,000-1,500,000 m2/yr |
| **LG Technology Ventures** | Consumer | Tier 2 (Follow) | CVC Equity ($1M-
$16M) + IV | TRL 5-6 | $3M - $8M | 300,000-700,000 m2/yr |
| **Nike Valiant / Strategic**| Consumer | Tier 3 (Grant) | Innovation Grant
+ Seed Equity | TRL 4-5 | $500K - $3M | 200,000-600,000 m2/yr |
| **Google Ventures / Garmin**| Consumer | Tier 3 (Grant) | CVC Equity ($2M-
$16M) + Validation | TRL 5-6 | $2M - $6M | 30,000-80,000 m2/yr |



### 2.10 Defense Industry

* **Technical Insertion Points:** Multi-spectral stealth RAM skins; GaN AESA
radar thermal spreaders; uncooled SWIR/MWIR focal plane array wafers; UAV
wing/inlet electro-thermal de-icing.

* **pecision Blockers:** Strict ITAR/EAR compliance; galvanic corrosion risks
in joint metals; requirement for high-throughput 1,000mm R2R dry transfer
toolsets.

* **Corporate R& Funding Rationale:** Provides 1:1 or 2:1 private VC
matching via AFWERX STRATFI and DIU CSOs to accelerate platform insertion
into programs of record.

#### Sharper Recommendation Matrix: Defense Industry
| Company Name | Industry Sector | Priority Rating | Strategic Action Plan |
Est. Annual Quantity Needed (Steady State) |
R B B e Bt B
| **RTX Corporation (Collins/Raytheon)** | Defense | Tier 1 | Immediate
eries o-Investment via entures ,000-60, m2 + 2, g yr
Seri A Co-I t t via RTX Vent 30,000-60,000 m? 2,500 kg TIM/
|
| **Lockheed Martin (Skunk Works/MFC)** | Defense | Tier 1 | JDA with Skunk
Works + STRATFI Matching Grant | 15,000-25,000 m2 + 4,000 Wafers/yr |
| **The Boeing Company (Phantom Works)** | Defense | Tier 1 | LSP Flight
Certification Joint Testbed via AEI HorizonX | 50,000-120,000 m2 + 10,000m
Sensor Tape/yr |
| **Northrop Grumman** | Defense | Tier 1 | B-21 RAM & Space Radiator
Proposal | 12,000-28,000 m? + 2,500 Wafers/yr |
| **Airbus SE** | Defense | Tier 2 | Rotor De-Icing EU Defense Fund Co-
pplication ,000-90, m2/yr
Applicati 40,000-90,000 m2/
| **BAE Systems (FAST Labs)** | Defense | Tier 2 | Tempest Smart Skin UK DASA
roposa ,000-20, m2 + 3, m2 Display/yr
P 1 10,000-20,000 m? 3,000 m2 Display/
| **Honeywell Aerospace** | Defense | Tier 2 | Avionics TIM Supply Agreement
,000-30, m2 + 3, afers/yr
15,000-30,000 m? 3,000 Waf /
| **L3Harris Technologies** | Defense | Tier 2 | Tactical Radio EMI Prototype
OTA | 4,000-10,000 m2 + 1,200 Wafers/yr |
| **General Dynamics** | Defense | Tier 2 | Execute AAL Grant + Land Vehicle
Subcontract | 15,000-30,000 m? + 10,000m Cable Shield/yr |
| **Thales Group** | Defense | Tier 2 | Form EDF Consortium + Thales CVC Co-
Investment | 12,000-25,000 m2 + 1,200-3,000 Wafers/yr |
| **Rheinmetall AG** | Defense | Tier 2 | Non-Dilutive Vehicle Signature
Subcontract | 10,000-22,000 m2/yr |
| **Leonardo / DRS** | Defense | Tier 2 | Co-Invest via Leonardo CVC + DRS
Thermal Pilot | 8,000-18,000 m2 + 1,500-3,500 Wafers/yr |
| **Elbit Systems** | Defense | Tier 2 | Incabit Incubator Seed Round + Visor
JDA | 5,000-12,000 m2 + 2,000-4,000 Wafers/yr |
| **General Atomics (GA-ASI)** | Defense | Tier 2 | Execute Non-Dilutive JDA
+ STRATFI Co-Match | 15,000-35,000 m2/yr |
| **Safran S.A.** | Defense | Tier 3 | CMC High-Temp Coating Long-Term R&D
JDA | 5,000-15,000 m2/yr |



### 2.11 Energy Sector

* **Technical Insertion Points:** Fast-charging battery current collector
foil coatings; PEM electrolyzer/fuel cell titanium bipolar plate barriers;
perovskite PV transparent electrodes; downhole GFET sensors.

* **pecision Blockers:** Continuous R2R foil coating line speeds matching
battery plants ($>20\text{ m/min}$); interfacial contact resistance targets
($<5\ \text{m}\Omega\cdot\text{cm}~2%$).

* **Corporate R& Funding Rationale:** Lowers LCOH for hydrogen ($<\$2/kg$)
and reduces EV fast-charging times ($<10\text{ minutes}$) without lithium
dendrite formation.

#### Sharper Recommendation Matrix: Energy Sector

| Company Name | Industry Sector | Strategic Adoption Tier | Commercial Value
vs. Risk Profile | Recommended Support Mechanism | Est. Annual Quantity
Needed (Steady State) |

IR B B B i R

| **CATL** | Energy | Tier 1: High-Volume Anchor | Ultra-High Value / Med
Tech Risk | CVC Series B/C Equity + JV Offtake | 5,000,000-15,000,000 m2/yr
(Coated Foil) |

| **Plug Power Inc.** | Energy | Tier 1: Fast-To-Market Scaler | High Value /
Low Tech Risk | JDA + US DOE Matching Grants | 100,000-350,000 m2/yr (Coated
Plates) |

| **Shell plc** | Energy | Tier 1: Core Major | High Value / Med Tech Risk |
Shell Ventures Equity + GameChanger | 150,000-500,000 m2/yr + 100-300
Wafers/yr |

| **SLB** | Energy | Tier 1: High-Margin Sensor Leader | High Value / Low-Med
Tech Risk | SLB Corporate Venturing + Innovation Factori | 20,000-60,000
m2/yr + 200-600 Wafers/yr |

| **Siemens Energy AG** | Energy | Tier 2: Infrastructure Scaler | Med-High
Value / Med Tech Risk | Siemens Energy Ventures + EU Grants | 40,000-120,000
m2/yr + 500-1,500 Wafers/yr |

| **First Solar, Inc.** | Energy | Tier 2: Long-Term Growth Option | Very
High Value / High Tech Risk | R&D Innovation Grants + Co-Dev IP | 500,000-
1,500,000 m?2/yr (PV Glass) |

### 2.12 Entertainment Verticals

* **Technical Insertion Points:** Studio headphone & TWS earbud composite
diaphragms; Micro-LED virtual production wall thermal backplanes; fanless
AR/VR headset SoC spreaders; gFET haptic skins.

* **Decision Blockers:** Diaphragm delamination under high SPL; polymer
transfer contamination; R2R film cost thresholds ($\le \$20\text{--
F\$30/\text{m}*2$ at scale).

* **Corporate R& Funding Rationale:** Eliminates high-frequency acoustic
breakup ($>40\text{ kHz}$) and maintains color lock across Micro-LED



soundstage walls by keeping tile thermal variance $<1.0”\circ\text{C}$.

#### Sharper Recommendation Matrix: Entertainment Verticals

| Company Name | Industry Sector | Feasibility (1-1@) | Primary Application |
Investment Priority Tier | Est. Annual Quantity Needed (Steady State) |
[ B I I T e

| **Sony Pro Audio / Crystal LED**| Entertainment | 9.0 / 10 | Audiophile
Diaphragms & Micro-LED Spreaders | Tier 1 (Beachhead) | 17,500-39,500 m2/yr |
| **Meta Reality Labs** | Entertainment | 9.0 / 10 | SoC Thermal Spreaders &
GFET Haptics | Tier 1 (Beachhead) | 10,000-25,000 m2/yr |

| **Bose Corporation** | Entertainment | 8.0 / 10 | Low-Phase-Lag ANC
Diaphragms | Tier 1 (Beachhead) | 1,800-3,200 m2/yr |

| **vValve Corporation** | Entertainment | 8.5 / 10 | Handheld SoC Thermal
Spreaders | Tier 1 (Beachhead) | 5,000-12,000 m2/yr |

| **Sennheiser / Neumann** | Entertainment | 8.5 / 10 | Mic Capsules & Driver
Membranes | Tier 2 (Strategic) | 300-800 m2/yr |

| **Harman / JBL / AKG** | Entertainment | 8.5 / 1@ | High-SPL Compression
Drivers | Tier 2 (Strategic) | 3,000-6,000 m2/yr |

| **ARRI Group** | Entertainment | 8.5 / 1@ | Silent Lighting Thermal Fin
Spreaders | Tier 2 (Strategic) | 2,000-5,000 m2/yr |

| **Disney Imagineering** | Entertainment | 8.5 / 10 | Animatronic Touch
Skins & Heaters | Tier 2 (Strategic) | 3,000-8,000 m2/yr |

| **Roland / Pioneer DJ** | Entertainment | 8.5 / 10 | Abrasion-Proof Touch
Surfaces | Tier 2 (Strategic) | 2,000-4,500 m2/yr |

| **Barco NV** | Entertainment | 8.0 / 10 | SLM Laser Thermal Windows | Tier
2 (Strategic) | 2,000-5,000 200mm Wafers/yr |

| **ETC Lighting** | Entertainment | 8.0 / 10 | LED Engine Heat Spreaders |
Tier 2 (Strategic) | 1,500-4,000 m2/yr |

| **Yamaha Corporation** | Entertainment | 8.0 / 1@ | GFET Keybed Force
Sensor Matrix | Tier 2 (Strategic) | 1,500-3,500 m2/yr |

| **HTC Vive** | Entertainment | 8.0 / 1@ | Defogging Visor Transparent
Heaters | Tier 2 (Strategic) | 1,200-3,000 m2/yr |

| **Shure Inc.** | Entertainment | 8.0 / 10 | Matched Dual-Diaphragm Capsules
| Tier 2 (Strategic) | 200-500 m2/yr |

| **ROE Visual / Absen** | Entertainment | 8.0 / 1@ | Passive Modular Heat
Spreaders | Tier 2 (Strategic) | 40,000-80,000 m2/yr |

| **Samsung Electronics** | Entertainment | 8.5 / 10 | Flexible Display TCF
Backplanes | Tier 3 (Mass Dev) | 25,000-60,000 m2/yr |

| **RED / Nikon** | Entertainment | 7.5 / 1@ | 100+ GHz Sensor Electro-Optic
Bridge | Tier 3 (Mass Dev) | 8,000-18,000 300mm Wafers/yr |

| **L-Acoustics / Meyer** | Entertainment | 7.5 / 10 | High-Throw Compression
Diaphragms | Tier 3 (Mass Dev) | 150-400 m2/yr |

### 2.13 Environmental Sector

* **Technical Insertion Points:** Nanoporous seawater reverse osmosis (RO)
membranes; electrocatalytic PFAS destruction anodes; gFET environmental
micro-sensors for toxic gas ($\text{NO}_ 2, \text{SO0}_2, \text{NH}_3%).

* **Decision Blockers:** Membrane pinhole defects reducing salt rejection



below $99\%$; crossflow shear delamination; high cost of sub-nanometer
perforation tools.

* **Corporate R& Funding Rationale:** Provides $10\times\text{--}100\times$
higher water flux over polyamide membranes, lowering municipal desalination
energy costs by $25\text{--}35\%$%.

#### Sharper Recommendation Matrix: Environmental Sector

| Company Name | Industry Sector | Weighted Priority Score | Target Tier &
Priority Recommendation | Est. Annual Quantity Needed (Steady State) |

I I T i B

| **Honeywell Ventures** | Environmental | 9.03 | Tier 1 (Immediate Partner -
Sensors) | 12,000-35,000 200mm Wafers/yr |

| **Xylem Innovation Labs** | Environmental | 8.98 | Tier 1 (Immediate
Partner - PFAS/Water) | 50,000-150,000 m2 (Anodes) + 1,000-3,000 Wafers/yr |

| **Sensirion AG** | Environmental | 8.58 | Tier 1 (Immediate Co-Developer -
MEMS) | 8,000-20,000 200mm Wafers/yr |

| **DuPont Water Solutions**| Environmental | 8.38 | Tier 2 (Strategic JDA -
RO Membranes) | 1,100,000-2,400,000 m2/yr (Membranes) |

| **Cummins / Plug Power** | Environmental | 8.23 | Tier 2 (Cleantech Partner
- Hydrogen) | 150,000-350,000 m2/yr (Bipolar Plates) |

| **Veolia Water Tech** | Environmental | 7.98 | Tier 3 (Long-Term Utility
off-taker) | 2,000,000-5,000,000 m2/yr (Membranes) |

### 2.14 Health & Medical Technology Sector

* **Technical Insertion Points:** Continuous glucose monitoring (CGM) non-
enzymatic filaments; point-of-care (PoC) diagnostic gFET biochips; high-
density neural brain-computer interfaces (BCIs); single-molecule DNA
sequencing nanopores.

* **Decision Blockers:** FDA 510(k)/PMA and EU MDR Class III regulatory
clearance hurdles; non-specific protein adsorption (bio-fouling); long-term
in vivo biostability.

* **Corporate R& Funding Rationale:** Delivers attomolar ($\text{10}~{-
18} \text{ M}$) limit-of-detection biochips and enables $30+$ day non-
enzymatic CGM sensors.

#### Sharper Recommendation Matrix: Health & MedTech

| Company Name | Industry Sector | Priority Score (1-10) | Primary Bio
Application | Est. Annual Quantity Needed (Steady State) |

N I I T i B

| **Abbott Laboratories** | Health & MedTech | 9.8 | CGM Filaments & i-STAT
PoC Chips | 10,000-50,000 m2/yr + 1,500-4,500 Wafers/yr |

| **Dexcom, Inc.** | Health & MedTech | 9.5 | Wearable CGM & Multi-Analyte
Wires | 5,000-20,000 m2/yr |

| **Roche Diagnostics** | Health & MedTech | 9.2 | PoC gFET Cartridges & Lab
Chips | 2,500-8,000 200mm Wafers/yr |

| **Medtronic plc** | Health & MedTech | 8.8 | Neural BCIs &
Electrophysiology Catheters | 800-2,500 Wafers/yr + 250-1,000 m2/yr |



| **I1lumina, Inc.** | Health & MedTech | 8.6 | Single-Molecule DNA Nanopore
Flow Cells | 1,200-4,000 200mm Wafers/yr |

| **Siemens Healthineers** | Health & MedTech | 7.9 | Low-Dose X-Ray & THz
Photodetectors | 800-2,500 Wafers/yr + 100-500 m2/yr |

### 2.15 Industrial Manufacturing Sector

* **Technical Insertion Points:** Low-friction ($\mu < 0.05%) bearing raceway
nanocoatings; severe-service control valve anti-corrosion barriers; SiC motor
drive thermal interface spreaders; cleanroom ESD tapes.

* **Decision Blockers:** Pinhole defect density; mechanical wear delamination
under boundary lubrication; high CAPEX of multi-chamber PECVD tools.

* **Corporate R&D Funding Rationale:** Halts boundary wear and galling in
chemical pumps/valves and eliminates unplanned industrial plant downtime
($>\9$50\text{B}/\text{year}$ globally).

#### Sharper Recommendation Matrix: Industrial Manufacturing

| Company Name | Industry Sector | Composite Score (Out of 100) | Strategic
Action & Recommendation Tier | Est. Annual Quantity Needed (Steady State) |
T I T B

| **Siemens AG** | Industrial Mfg | 93.5 | Tier-1 Core Major: Series A/B
Equity with Next47 | 25,000-80,000 m? + 250-750 Wafers/yr |

| **Honeywell International**| Industrial Mfg | 92.0 | Tier-1 Sensing Anchor:
Lead Series A for Experion PKS | 15,000-50,000 m? + 300-1,000 Wafers/yr |

| **3M Company** | Industrial Mfg | 90.5 | Tier-1 R2R Scale Anchor: Partner
for R2R thermal tapes | 300,000-1,000,000 m2/yr |

| **AB SKF** | Industrial Mfg | 88.5 | Strategic Tribology Partner: R&D for
SKF Insight nodes | 100,000-350,000 m? + 150-450 Wafers/yr |

| **Emerson Electric Co.** | Industrial Mfg | 86.0 | Strategic Valve Partner:
Pilot Rosemount diaphragms | 40,000-150,000 m2/yr |

| **ABB Ltd.** | Industrial Mfg | 84.5 | Strategic Drive Partner: ATV Equity
for ACS880 inverters | 50,000-200,000 m2/yr |

| **BASF SE** | Industrial Mfg | 83.0 | Long-Term Chemical Partner: BVC
Equity for reactor liners | 200,000-600,000 m2/yr |

| **Eaton Corporation** | Industrial Mfg | 81.5 | Hydraulic Niche Partner:
Prototyping grants for spools | 30,000-120,000 m2/yr |

### 2.16 Leisure, Outdoor, and Recreation Industry

* **Technical Insertion Points:** Active electrothermal heating panels for
technical alpine outerwear; anti-fog ski goggle double-lens heaters; dry
biopotential ECG/EMG athletic sensors; VR haptic skins.

* **Decision Blockers:** Machine washability degradation ($>50$% laundry
cycles); flexible interconnect solder fatigue; R2R film cost targets ($\le
\$180\text{--}\$300/\text{m}"2$).

* **Corporate R& Funding Rationale:** Replaces heavy resistive wires with
$5\text{V}$ USB-powered planar Joule heating patches that weigh $<1\text{



gram}$.

#### Sharper Recommendation Matrix: Leisure & Outdoor

| Company Name | Industry Sector | Weighted Score (1-5) | Tier / Action |
Est. Annual Quantity Needed (Steady State) |
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| **EssilorLuxottica (Oakley)**| Leisure & Outdoor | 4.60 | Tier 1 (Lead CVC
& Open Innovation) | 18,000 m?/yr (Ski Goggles/Visors) |

| **Columbia Sportswear** | Leisure & Outdoor | 4.53 | Tier 1 (Omni-Heat JDA
& Grant) | 50,000 m2/yr (Outerwear/Base Layers) |

| **VF Corp (North Face)** | Leisure & Outdoor | 4.48 | Tier 1 (VF Corporate
VC & Innovation Lab) | 42,000 m2/yr (Alpine Outerwear) |

| **Meta (Reality Labs)** | Leisure & Outdoor | 4.40 | Tier 1 (Meta Reality
Labs CVC/Grants) | 30,000 m?/yr (VR/AR Glasses & Haptics) |

| **Garmin Ltd.** | Leisure & Outdoor | 4.23 | Tier 2 (Garmin Health
Enterprise Fund) | 15,000 m2/yr (Biometric Straps/Apparel) |

| **Sony Group** | Leisure & Outdoor | 3.98 | Tier 2 (Sony Innovation Fund
Equity) | 15,000 m2/yr (PlayStation VR2 Haptics) |

| **Amer Sports (Arc'teryx)**| Leisure & Outdoor | 3.98 | Tier 2 (Amer Sports
/ Anta VC Equity) | 15,000 m2/yr (Technical Alpine Apparel) |

| **Brunswick Corp** | Leisure & Outdoor | 3.70 | Tier 2 (Boating Innovation
Lab Grant) | 6,250 m2/yr (Marine Helm Displays) |

| **WHOOP, Inc.** | Leisure & Outdoor | 3.50 | Tier 3 (Applied Sensing
Hardware Fund) | 6,400 m2/yr (WHOOP Body Apparel) |

| **Trek Bicycle** | Leisure & Outdoor | 3.18 | Tier 3 (Trek ACG R&D
Sponsorship) | 4,000 m2/yr (Carbon Frame Strain Skins) |

### 2.17 Manufacturing Sector

* **Technical Insertion Points:** 300mm BEOL copper interconnect capping
tools; thermal interface material (TIM) pads; EUV pellicle membranes; 2D
transistor gate dielectrics.

* **Decision Blockers:** Dry transfer decoupling tool availability; CMOS
cleanroom metal contamination limits; $300\text{mm}$ wafer yield consistency.
* **Corporate R& Funding Rationale:** Provides capital equipment and
semiconductor process integration kits (PIKs) required for global foundry
advanced node scale-up.

#### Sharper Recommendation Matrix: Manufacturing Sector

| Company Name | Industry Sector | Composite Score (Out of 100) | Priority
Rank & Action | Est. Annual Quantity Needed (Steady State) |
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| **Applied Materials** | Manufacturing | 93.5 | Rank 1: Applied Ventures
Equity + Maydan JDA | 150,000-300,000 Wafers/yr (10,600-21,200 m2/yr) |

| **Henkel AG** | Manufacturing | 92.0 | Rank 2: Henkel Tech Ventures Equity
| 100,000-350,000 m2/yr (TIM Sheets) |

| **Samsung Electronics**| Manufacturing | 90.5 | Rank 3: Samsung Catalyst
Fund Equity | 250,000-600,000 m2 + 300,000 Wafers/yr |



| **Boyd Corp.** | Manufacturing | 88.5 | Rank 4: Strategic Off-take / PE
Growth | 80,000-200,000 m2/yr (Thermal Spreaders) |

| **TSMC** | Manufacturing | 86.0 | Rank 5: TSMC OIP Grant / Commercial Off-
take | 500,000-1,200,000 Wafers/yr (35,300-84,800 m2/yr) |

| **Robert Bosch** | Manufacturing | 84.5 | Rank 6: RBVC Equity + Research
Grant | 50,000-150,000 m2/yr eq. |

| **Intel Corp.** | Manufacturing | 83.0 | Rank 7: Intel Capital Equity + IFS
Fund | 200,000-500,000 Wafers/yr (14,100-35,300 m2/yr) |

| **Honeywell** | Manufacturing | 81.5 | Rank 8: Honeywell Ventures Equity |
60,000-180,000 m2/yr |

| **Lockheed Martin** | Manufacturing | 80.0 | Rank 9: LMV Equity + DoD SBIR
Phase III | 8,000-25,000 m2/yr |

| **Airbus SE** | Manufacturing | 76.0 | Rank 10: Airbus Ventures + EU Grant
| 15,000-45,000 m2/yr |

### 2.18 Marine Industry

* **Technical Insertion Points:** PEMFC titanium bipolar plate anti-corrosion
barrier coatings; $LH_2$ cryogenic tank liners; shipboard nanoporous RO
desalination membranes; GFET subsea hydrophone arrays.

* **Decision Blockers:** IMO/DNV classification approval timelines; Pinholes
in large-area R2R barrier sheets; bio-fouling in continuous seawater
immersion.

* **Corporate R& Funding Rationale:** Extends marine fuel cell stack
lifetime beyond $30,000\text{ hours}$ ($420\text{k}$ overhaul savings per
stack) and lowers shipboard RO operating pressure by $30\text{--}40\%$%.

#### Sharper Recommendation Matrix: Marine Industry

| Company Name | Industry Sector | Financial Support Likelihood (FSLS) |
Strategic Action & Recommended Engagement | Est. Annual Quantity Needed
(Steady State) |
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| **HD Hyundai (HD KSOE)**| Marine | 9.6 | Lead CVC Partner for Cryo-$LH_ 2%
Tank/Fuel Cell Barriers | 1,200,000-3,000,000 m2/yr |

| **Wartsild Corp.** | Marine | 9.4 | Target for Wirtsild Venturing Equity +
JDA Pilot | 1,200,000-3,000,000 m2/yr |

| **ABB Marine & Ports** | Marine | 9.1 | Apply to SynerLeap Accelerator +
ATV Series A Equity | 30,000-150,000 m2/yr |

| **Alfa Laval AB** | Marine | 8.5 | Seek Alfa Laval Ventures Equity for RO
Membrane Pilot | 180,000-500,000 m2/yr |

| **Kongsberg Maritime** | Marine | 8.4 | Partner for GFET Hydrophone & SHM
Sensor Co-Dev | 270,000-850,000 GFET Units/yr |

| **AkzoNobel N.V.** | Marine | 8.0 | Apply for Paint the Future Non-Dilutive
Challenge | 500,000-1,650,000 m2/yr |

| **Thales Group** | Marine | 7.8 | Secure French DGA / EDA Grant + CVC
Investment | 270,000-850,000 GFET Units/yr |

| **Parker Hannifin** | Marine | 7.6 | JDA for High-Flux Shipboard RO Water
Systems | 180,000-500,000 m2/yr |

| **Teledyne Marine** | Marine | 7.5 | Milestone Supplier Co-Dev & Direct R&D



Contract | 270,000-850,000 GFET Units/yr |

| **Jotun A/S** | Marine | 6.8 | Consortium Partner for Norwegian Research
Grant | 500,000-1,650,000 m2/yr |

| **Fincantieri S.p.A.** | Marine | 6.5 | EU Innovation Fund Partner for
Smart Hull Monitoring | 500,000-1,650,000 m2/yr |

| **Hempel A/S** | Marine | 6.4 | Hempel Foundation Non-Dilutive Academic
Grant | 500,000-1,650,000 m2/yr |

### 2.19 Healthcare

* **Technical Insertion Points:** gFET-on-CMOS diagnostic biochips; flexible
BCI cortical microelectrode arrays; non-enzymatic transdermal CGM filaments;
single-molecule DNA sequencing nanopores.

* **Decision Blockers:** FDA 510(k)/PMA clinical approval delays; bio-fouling
in whole blood; photolithographic patterning yield on flexible polyimide.

* **Corporate R& Funding Rationale:** Delivers attomolar ($\text{10}"{-
18}\text{ M}$) limit-of-detection liquid biopsy cartridges and ultra-low-
impedance, flexible BCI leads that eliminate micro-motion tissue trauma.

#### Sharper Recommendation Matrix: Healthcare

| Company Name | Industry Sector | Composite Score (Out of 10) |
Recommendation Tier & Strategic Action | Est. Annual Quantity Needed (Steady
State) |
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| **Melexis NV** | Healthcare | 9.35 | Tier 1 (Lead Foundry Target): Co-dev
gFET-on-CMOS ICs | 4,500 Wafers/yr (150-220 m2/yr) |

| **Sapphiros / GrapheneDx**| Healthcare | 9.10 | Tier 1 (Mass Scaling
Partner): Offtake for 32-plex kits | 2,400-3,800 m2/yr (20,000,000
cartridges) |

| **Merck KGaA / M Ventures**| Healthcare | 8.90 | Tier 1 (Co-Investment
Lead): M Ventures Series A/B | 100-250 m2/yr (1,000 Wafers / 250k implants) |
| **Abbott Laboratories** | Healthcare | 8.35 | Tier 2 (Strategic Licensee):
JDA for FreeStyle Libre CGM | 2,500-3,500 m2/yr (20,000,000 patches) |

| **Medtronic plc** | Healthcare | 8.15 | Tier 2 (Strategic Co-Dev):
Medtronic VC for BCI/DBS | 350-500 m2/yr (2,200 Wafers / 1.0M leads) |

| **Hawkeye Bio** | Healthcare | 7.85 | Tier 2 (Niche Diagnostic): Graphene
strips for lung cancer | 160-280 m2/yr (2,000,000 strips) |

| **Roche Diagnostics** | Healthcare | 6.85 | Tier 3 (Long-Term Watchlist):
Monitor central lab IVD | 1,200-2,000 m2/yr (10,000,000 biochips) |

| **Blackrock / Synchron** | Healthcare | 6.70 | Tier 3 (High Risk/Return):
NIH BRAIN grant co-funding | 35-65 m?/yr (30,000 cortical arrays) |

### 2.20 Optics & Photonics Industry

* **Technical Insertion Points:** Broadband electro-absorption modulators
(EAMs) on silicon photonics; saturable absorber mirrors (SAMs) for ultrafast
lasers; broadband SWIR/MWIR photodetector arrays; AR waveguide transparent



electrodes.

* **pecision Blockers:** Integration with InP/SiN waveguides; contact
resistance $R_c < 100\ \Omega\cdot\mu\text{m}$; high-speed 300mm wafer
transfer automation.

* **Corporate R& Funding Rationale:** Unlocks $>100\text{ GHz}$ optical
modulation bandwidth at drive voltages $V_{pp} < 1\text{ V}$ and delivers
universal $0.2\text{--}100\ \mu\text{m}$ single-material photodetectors.

#### Sharper Recommendation Matrix: Optics & Photonics

| Company Name | Industry Sector | Weighted Score (Out of 10) | Priority Tier
& Action Recommendation | Est. Annual Quantity Needed (Steady State) |
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| **Thorlabs Inc.** | Optics & Photonics | 9.15 | Tier 1: Immediate OEM Off-
take & Catalog Lead | 5,000-15,000 150mm Wafers/yr (50-150 m2/yr) |

| **TRUMPF Venture** | Optics & Photonics | 8.70 | Tier 1: Series A Co-
Investor & Laser Off-take | 2,000-6,000 150mm Wafers/yr (150-420 m2/yr) |

| **Lynred** | Optics & Photonics | 8.70 | Tier 1: Lead Non-Dilutive Grant &
SWIR Partner | 15,000-35,000 200mm Wafers/yr (470-1,100 m2/yr) |

| **Intel Capital** | Optics & Photonics | 8.70 | Tier 1: Series A Lead / CPO
Anchor Investor | 50,000-120,000 300mm Wafers/yr (14.1k-33.9k m2) |

| **Sony Innovation** | Optics & Photonics | 8.15 | Tier 2: Series B Co-
Investor / Pilot Fab | 60,000-180,000 300mm Wafers/yr (17.0k-50.8k m2) |

| **Coherent Corp.** | Optics & Photonics | 7.95 | Tier 2: Strategic JDA /
Joint Venture Partner | 10,000-30,000 Wafers/yr |

| **Teledyne FLIR** | Optics & Photonics | 7.45 | Tier 2: Defense
Subcontracting Partner | 10,000-25,000 Wafers/yr |

| **BAE Systems** | Optics & Photonics | 7.35 | Tier 2: Defense Grant Co-
Sponsor | 5,000-18,000 200mm Wafers/yr (160-560 m2/yr) |

| **Samsung SVIC** | Optics & Photonics | 7.55 | Tier 3: Long-Horizon Mass
Consumer Option | 80,000-250,000 300mm Wafers/yr (22.6k-70.6k m2) |

| **Meta Reality** | Optics & Photonics | 7.30 | Tier 3: Research Grant /
Future Licensing | 100,000-400,000 m2/yr (>500k 300mm Wafers) |

### 2.21 Scientific Instrumentation Industry

* **Technical Insertion Points:** Cryo-EM support grids; gFET bio-analytical
cartridges; conductive AFM wear-probes; THz photodetectors; quantum hall
resistance standards.

* **Decision Blockers:** Wafer-to-wafer defect variability; manual dicing
yield loss; batch-to-batch sheet resistance variation.

* **Corporate R&D Funding Rationale:** High gross margin ($>80\%$%$) bridge
market generating $10\text{M}\text{--}50\text{M}$ ARR prior to mass
semiconductor commercialization.

#### Sharper Recommendation Matrix: Scientific Instrumentation
| Company Name | Industry Sector | Weighted Priority Score | Optimal
Financial Support Vehicle | Est. Annual Quantity Needed (Steady State) |



| **Thermo Fisher Scientific** | Scientific Instruments | 8.85 | Non-Dilutive
JDA Grant + OEM Supply Contract | ~2,700 200mm Wafers/yr (1,200,000 TEM
Grids) |

| **M Ventures / Merck** | Scientific Instruments | 8.53 | Lead Series A
Equity ($5M-$10M) + Distribution | ~1,100 200mm Wafers/yr (350,000 gFET
Cartridges) |

| **ZEISS Ventures** | Scientific Instruments | 8.50 | Co-Lead Equity ($3M-
$8M) + Prototyping JDA | ~950 200mm Wafers/yr (250,000 Research Substrates) |
| **Agilent Technologies** | Scientific Instruments | 7.78 | Agilent Ventures
Equity + License Agreement | ~1,100 200mm Wafers/yr (350,000 gFET Cartridges)
|

| **Hamamatsu Photonics** | Scientific Instruments | 7.48 | CVC Equity ($2M-
$5M) + Foundry Access JDA | 600 200mm Wafers/yr (Photodetector Arrays) |

| **Bruker Corporation** | Scientific Instruments | 7.40 | Strategic Equity +
Buyout Option JDA | ~480 200mm Wafers/yr (150,000 AFM Wear-Probes) |

| **Horiba Scientific** | Scientific Instruments | 6.23 | R& Grant + Open
Innovation Licensing | ~250 200mm Wafers/yr (40,000 Raman SERS Plates) |

| **Keysight Technologies** | Scientific Instruments | 5.25 | Strategic Joint
Development Grant | ~25 200mm Wafers/yr (2,500 Quantum Cryo-Dies) |

### 2.22 Space Sector

* **Technical Insertion Points:** High-power satellite ASIC thermal spreaders
($>100\text{ W/cm}~2%$); inter-satellite lasercom electro-optic modulators;
uncooled SWIR Earth observation FPAs; linerless composite cryogenic
propellant tank barriers.

* **Decision Blockers:** ECSS / NASA outgassing compliance (TML $<1.0\%$%,
CVCM $<0.10\%$); launch vibration fatigue; long spaceflight heritage
qualification cycles.

* **Corporate R& Funding Rationale:** Eliminates $15\text{--}20\%$% launch
mass via linerless composite tanks and lowers junction temperatures by
$18\text{--}25*\circ\text{C}$ in vacuum environments.

#### Sharper Recommendation Matrix: Space Sector

| Company Name | Industry Sector | Strategic Alignment Score (1-10) |
Preferred Capital / Funding Channel | Est. Annual Quantity Needed (Steady
State) |
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| **Airbus Defence & Space** | Space Sector | 9.8 | Airbus Ventures + ESA
TTIO / Flagship Grants | 200-500 m2/yr + 50-120 Wafers/yr |

| **Lockheed Martin Space** | Space Sector | 9.6 | Lockheed Martin Ventures +
SpaceWERX STRATFI | 150-400 m2/yr + 100-200 Wafers/yr |

| **L3Harris Technologies** | Space Sector | 9.5 | L3Harris Ventures + DIU
Prototype OTA | 50-150 m?/yr + 150-350 Wafers/yr |

| **Rocket Lab USA** | Space Sector | 9.0 | Direct Commercial Off-Take + JDA
| 250-750 m2/yr |

| **Boeing (Spectrolab)** | Space Sector | 8.8 | AE Industrial / HorizonX +
Spectrolab NRE | 600-1,450 m2/yr |

| **Planet Labs PBC** | Space Sector | 8.5 | Commercial Pilot POs + Joint IP



Development | 30-80 m2/yr + 40-100 Wafers/yr |

| **Northrop Grumman** | Space Sector | 8.4 | Corporate VC / DARPA + SDA
Subcontract | 200-600 m2/yr + 100-250 Wafers/yr |

| **BAE Systems (FAST Labs)**| Space Sector | 8.2 | BAE Ventures / R4i +
DARPA MTO Subcontracts | 50-100 m2/yr + 100-250 Wafers/yr |

| **Sierra Space** | Space Sector | 8.8 | NASA CLD Pass-Through + Corporate
VC | 300-1,000 m2/yr |

| **Axiom Space** | Space Sector | 7.5 | NASA Artemis Task Orders + Joint Dev
| 150-400 m2/yr |

### 2.23 Professional Sports Equipment, Wearables, and Motorsports

* **Taechnical Insertion Points:** High-gauge factor ($GF > 50\text{--}100%)
piezoresistive biomechanical strain grids; helmet impact/concussion sensing
matrices; active heated/anti-fog ski visors; dry epidermal bio-potential
ECG/EMG fabrics.

* **Decision Blockers:** Machine washability degradation ($>50$% laundry
cycles); extreme impact delamination ($>10,000\,g%$); R2R TPU/PET lamination
yield.

* **Corporate R& Funding Rationale:** Rapid 6-to-18-month integration cycles
and high gross margin ($>70\%$) tolerance provide an immediate commercial
validation runway.

#### Sharper Recommendation Matrix: Professional Sports
ompany Name | Industry Sector | Adoption Readiness (1-10) | Optimal

Financial Support Structure | Est. Annual Quantity Needed (Steady State) |
| | | | | | ’
| **EssilorLuxottica (Oakley)**| Pro Sports | 9.0 | Open Innovation Grant +
Equity Co-Investment | 7,500 m2/yr (Visors/Anti-Fog Lenses) |
| **Catapult Sports** Pro Sports 8.5 Joint Development Agreement (JDA)

p g
+ Licensing | 1,500 m2/yr (Smart Vest Bio-Strips) |
| **McLaren Group / Applied**| Pro Sports 8.5 Strategic R&D Grant +

g
Venture Equity | 500 m2/yr (F1 ECU Heat Spreaders / SHM) |
| **Garmin Ltd.** | Pro Sports | 8.0 | Garmin Ventures Series A Equity |
6,000 m2/yr (Wearable Spreaders / Biosensors) |
| **adidas AG** | Pro Sports | 7.5 | HYPED PoC Grant + adidas Ventures Equity
| 7,500 m2/yr (Smart Apparel Thermal/Bio) |
| **Revelyst (Giro / Bell)** | Pro Sports | 7.5 | Revelyst Innovation Grant +
Co-Development | 4,000 m2/yr (Helmet Concussion Matrices) |
| **Nike, Inc.** | Pro Sports | 7.0 | Nike Kitchen JDA + Nike Ventures Equit

q y
| 10,000 m2/yr (Wearable Gait/Bio Sensors) |
| **Specialized & Trek** | Pro Sports | 6.5 | Joint R& Sponsorship + Tier-1
p P

Composite Partner | 4,000 m2/yr (Frame SHM Strain Grids) |
| **Amer Sports (Wilson)** | Pro Sports | 6.5 | Innovation Grant + Anta CVC
Equity | 4,500 m2/yr (Racket/Ski Impact Sensors) |
| **Callaway & TaylorMade**| Pro Sports | 6.0 | Callaway Ventures Seed/Series
A Equity | 1,600 m2/yr (Club Head Telemetry) |



### 2.24 Transportation Industry

* **Technical Insertion Points:** EV battery copper current collector foil
coatings (ultra-fast charge $>3\text{C}$); high-voltage SiC traction inverter
heat spreaders; level 3/4 ADAS LiDAR/radar window de-icing; railway
pantograph contact strips.

* **pecision Blockers:** IATF 16949 & IRIS railway certifications; R2R foil
coating line speeds matching battery plants ($>20\text{ m/min}$); price
targets ($\le \$15\text{--}\$25/\text{m}~2%).

* **Corporate R&D Funding Rationale:** Replaces heavy convective HVAC heating
with planar radiant heating (saving $25\text{--}30\%$ winter range) and halts
lithium dendrite formation during extreme fast charging.

#### Sharper Recommendation Matrix: Transportation Industry

| Company Name | Industry Sector | Strategic Readiness & TRL | Target
Financial Mechanism | Est. Annual Quantity Needed (Steady State) |
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| **Tesla, Inc.** | Transportation | High (TRL 4-5) | Direct JDA NRE + Supply
Agreement | 1,000,000-5,000,000 m2/yr (4680 Foil/Glass) |

| **Toyota Motor Corp.** | Transportation | Very High (TRL 5) | Toyota
Ventures Equity + NEDO Grant | 2,000,000-3,500,000 m2/yr (PEMFC/H2 Tanks) |

| **Volkswagen Group** | Transportation | High (TRL 4) | Porsche SE VC + BMBF
Matching Grant | 2,500,000-4,000,000 m2/yr (PowerCo/CARIAD) |

| **General Motors** | Transportation | High (TRL 4) | GM Ventures + US DOE
VTO Grant | 1,500,000-2,500,000 m2/yr (Ultium/Cruise) |

| **BMW Group** | Transportation | High (TRL 4-5) | BMW i Ventures + Startup
Garage JDA | 2,000,000-3,000,000 m2/yr (Neue Klasse) |

| **Hyundai Motor Group** | Transportation | Very High (TRL 5) | Hyundai
CRADLE Equity + MOTIE Grant | 2,000,000-3,200,000 m2/yr (HTWO/E-GMP) |

| **BYD Company Ltd.** | Transportation | Very High (TRL 5) | Strategic
Offtake + BYD Capital Equity | 5,000,000-15,000,000 m2/yr (FinDreams Foil) |
| **CRRC Corporation** | Transportation | High (TRL 5) | CRRC Capital + MOST
Tech Grant | 300,000-500,000 m2/yr (Pantographs/SHM) |

| **Alstom SA** | Transportation | High (TRL 4) | Europe's Rail JU Grant +
Strategic JDA | 150,000-250,000 m2/yr (Hydrogen Trains) |

| **Robert Bosch GmbH** | Transportation | Very High (TRL 5) | Bosch Ventures
(RBVC) + IPCEI Grant | 1,200,000-2,000,000 m2/yr (Sensors/PEMFC) |

| **Continental AG** | Transportation | High (TRL 4) | Continental VC +
German BMWK Grant | 800,000-1,200,000 m2/yr (Radar Radomes) |

| **Denso Corporation** | Transportation | Very High (TRL 5) | Denso VC +
Japanese METI Grant | 1,800,000-2,500,000 m2/yr (Thermal Systems) |

## 3. MASTER CONSOLIDATED TABLE: ALL COMPANIES CONSIDERED BY INDUSTRY,
RECOMMENDATION RATINGS & TOTAL ESTIMATED ANNUAL QUANTITY NEEDED

This consolidated master table aggregates all **225+ corporate target



evaluations** across the 24 industry sectors documented in the research memo,
providing a complete reference of company name, industry, sharper
recommendation rating/tier, strategic engagement plan, and total estimated
annual quantity of CVD graphene required upon full adoption.

Name Industry Sector Recommendation Rating / Priority Tier Strategic Action /
Engagement Strategy Total Estimated Annual Quantity Needed (Steady State) —————

TSMC IT Computing / Semi Adoption Score: 4.8 / TRL 6 Seek Strategic JDA + Fab
Qualification 3.6M-6.0M WSPY (254k-424k m?/yr) Intel Corporation IT Computing / Semi
Adoption Score: 4.6 / TRL 6 Co-Lead Series B with Intel Capital 1.8M-2.5M WSPY (127k-
176k m?/yr) Samsung Electronics IT Computing / Semi Adoption Score: 4.7 / TRL 7
Syndicate Equity Round with SCF 3.6M WSPY (254k m?/yr) + 30k m? Mobile/yr NVIDIA
Corporation IT Computing / Semi Adoption Score: 4.9 / TRL 7 Lead Series A/B with
NVentures 16k-24k m? TIM + 50k Photonic Wafers/yr Applied Materials IT Computing /
Semi Adoption Score: 4.5 / TRL 6 Equipment Co-Development JDA 50-120 CVD Chamber
Sets/yr AMD IT Computing / Semi Adoption Score: 4.4 / TRL 5 Execute JDA for 3D V-Cache
Thermal Pads 7.5k-12k m? Thermal Film/yr Micron Technology IT Computing / Semi
Adoption Score: 4.5 / TRL 6 Participate Series A via Micron Ventures 1.5M-3.0M WSPY
(106k-212k m?/yr) IBM Research IT Computing / Semi Adoption Score: 4.2 / TRL 5 Non-
Dilutive Consortium via Albany Nanotech 15k-30k Pilot Wafers + 500 Cryo Units/yr
Broadcom Inc. IT Computing / Semi Adoption Score: 4.6 / TRL 6 Commercial Supply
Agreement for CPO 35k-80k Photonic Wafers/yr (2.5k-5.6k m?) Lam Research IT
Computing / Semi Adoption Score: 4.3 / TRL 5 Tool Integration JDA with Lam Capital 30-
80 chamvber Sets/yr -———m——m—> ————"—————¥—¥—]——0———————
Intel Corp. IT Telecom Strategic Score: 28 / Rank 1 Lead
Co-Investor via Intel Capital 3,500-6,000 x 300mm Wafers/yr TSMC IT Telecom Strategic
Score: 27 / Rank 2 Foundry Qualification & OIP Inclusion 10,000 x 300mm Wafers/yr
Huawei Tech. IT Telecom Strategic Score: 27 / Rank 2 Hubble VC Equity + Commercial
Offtake 25,000 m? Film + 1,500 Wafers/yr Coherent Corp. IT Telecom Strategic Score: 26 /
Rank 4 Strategic Equity & Off-Take 1,000 x 200mm Wafers/yr Nokia (Bell Labs) IT Telecom
Strategic Score: 25 / Rank 5 NGP Capital + EU Grant JDA 835 Wafers + 5,000 m? Film/yr
Samsung (SVIC) IT Telecom Strategic Score: 25 / Rank 5 CVC Equity (SVIC) + Thermal
Sheet JV 30,000 m? Film + 2,500 Wafers/yr Cisco Systems IT Telecom Strategic Score: 24 /
Rank 7 Cisco Investments CPO Engine Funding 808 x 300mm Wafers/yr Ericsson IT
Telecom Strategic Score: 23 / Rank 8 Ericsson Ventures Base Station PA Pilot 12,000 m?
Film + 600 Wafers/yr Broadcom Inc. IT Telecom Strategic Score: 23 / Rank 8 CPO Switch
Modulator JDA 2,000-4,500 x 300mm Wafers/yr Marvell Tech. IT Telecom Strategic Score:
21 / Rank 10 DSP Photonic Die Integration JDA 1,200 x 300mm Wafers/yr

Applied Materials Industrial R&D Overall Score: 23/25 / Priority Rank 1 Series A Co-



Investment + Maydan JDA 2,000-8,000 Test Wafers/yr (140-560 m?) TDK Corporation
Industrial R&D Overall Score: 23/25 / Priority Rank 1 TDK Ventures Hard-Tech Co-
Funding 15,000-60,000 m?/yr Samsung / SVIC Industrial R&D Overall Score: 21/25 /
Priority Rank 2 Joint Proposal to SAIT Materials Center 50,000-200,000 m?/yr Coherent
Corp. Industrial R&D Overall Score: 20/25 / Priority Rank 3 JDA & NRE Grant for 200mm
Film Sampling 5,000-20,000 Wafers/yr (150-600 m?) Intel Corp / Capital Industrial R&D
Overall Score: 20/25 / Priority Rank 3 Intel Labs Sub-2nm BEOL Interconnects 5,000-
15,000 Pilot Wafers/yr (150k-300k HVM) Merck KGaA / M Ventures Industrial R&D
Overall Score: 20/25 / Priority Rank 3 M Ventures Precursor Chemistry Co-Dev 5,000-
20,000 m?/yr R&D Film Area Lockheed Martin Industrial R&D Overall Score: 19/25 /
Priority Rank 4 LMV Co-Funding + Phase II SBIR Match 2,000-10,000 m?/yr TSMC
Industrial R&D Overall Score: 18/25 / Priority Rank 5 TSMC OIP 2D Material Working
Group 10,000-25,000 Pilot Wafers/yr (>500k HVM) Sony Group Industrial R&D Overall
Score: 18/25 / Priority Rank 5 Sony Innovation Fund SWIR Photodetector Pilot 10,000-
40,000 Wafers/yr (300-2,800 m?) Shell plc Industrial R&D Overall Score: 18/25 / Priority
Rank 5 Shell GameChanger Non-Dilutive Grant 25,000-100,000 m?/yr

- Airbus
SE Civil Aerospace Category: Tier 1 Lead CVC / Rank 1 Airbus Ventures Equity ($2M-$8M)
~50,000 m?/yr RTX / Collins Aerospace Civil Aerospace Category: Tier 1 Lead CVC / Rank
2 RTX Ventures Equity ($2M-$7M) ~35,000 m?/yr Safran S.A. Civil Aerospace Category:
Tier 1 Lead CVC / Rank 3 Safran Corporate VC (€1M-€5M) ~25,000 m?/yr The Boeing
Company Civil Aerospace Category: Tier 1 Lead CVC / Rank 4 Boeing HorizonX Equity
($2M-$10M) ~120,000 m?/yr GKN Aerospace Civil Aerospace Category: Tier 2 Grant Lead
/ Rank 5 UK ATI Grant Match (E2M-£5M) ~15,000 m?/yr Hexcel Corporation Civil
Aerospace Category: Tier 3 Converter / Rank 6 Strategic Investment / M&A ~10,000 m?/yr
Honeywell Aerospace Civil Aerospace Category: Tier 1 CVC Lead / Rank 7 Honeywell
Ventures ($2M-$8M) ~5,000 200mm Wafers/yr + ~2,000 m? Film Spirit AeroSystems Civil
Aerospace Category: Tier 2 Mfg Lead / Rank 8 Spirit Innovation Center / ATI Grants
~15,000 m?/yr Embraer / Eve Mobility Civil Aerospace Category: Tier 2 eVTOL / Rank 9
Embraer-X / FINEP Grants ($1M-$3M) ~18,000 m?/yr Rolls-Royce plc Civil Aerospace
Category: Tier 2 Thermal / Rank 10 Rolls-Royce VC / ATI Grants ~3,000 m?/yr Leonardo
S.p.A. Civil Aerospace Category: Tier 2 Aerostruct / Rank 11 Leonardo CVC / CDP Funds
~5,000 m?/yr PPG / Gentex Civil Aerospace Category: Tier 3 Window / Rank 12 Supplier
NRE Grants ($500k-$2M) ~8,000 m*/yr ——1m—  — 4 ——— ——
RTX (Collins/Raytheon) Aerospace &
Defense Feasibility: 9.0 / Synergy: 9.5 / Tier 1 Immediate Series A Co-Investment via RTX
30,000-60,000 m? + 2,500 kg TIM /yr Lockheed Martin (Skunk) Aerospace & Defense
Feasibility: 8.5 / Synergy: 9.5 / Tier 1 JDA with Skunk Works + STRATFI Match 15,000-
25,000 m? + 4,000 Wafers/yr Boeing (Phantom Works) Aerospace & Defense Feasibility:
8.0 / Synergy: 9.0 / Tier 1 LSP Flight Certification Joint Testbed 50,000-120,000 m? +
10,000m Tape/yr Northrop Grumman Aerospace & Defense Feasibility: 8.0 / Synergy: 9.0 /
Tier 1 B-21 RAM & Space Radiator Proposal 12,000-28,000 m? + 2,500 Wafers/yr Airbus
SE Aerospace & Defense Feasibility: 8.5 / Synergy: 8.5 / Tier 2 Rotor De-Icing EU Defense
Fund Co-App 40,000-90,000 m?/yr BAE Systems (FAST Labs) Aerospace & Defense
Feasibility: 8.0 / Synergy: 8.5 / Tier 2 Tempest Smart Skin UK DASA Proposal 10,000~
20,000 m? + 3,000 m? Display/yr Honeywell Aerospace Aerospace & Defense Feasibility:




8.0 / Synergy: 8.0 / Tier 2 Avionics TIM Supply Agreement 15,000-30,000 m? + 3,000
Wafers/yr L3Harris Technologies Aerospace & Defense Feasibility: 7.5 / Synergy: 8.0 / Tier
2 Tactical Radio EMI Prototype OTA 4,000-10,000 m? + 1,200 Wafers/yr Safran S.A.
Aerospace & Defense Feasibility: 6.5 / Synergy: 7.5 / Tier 3 CMC High-Temp Coating Long-
Term JDA 5,000-15,000 m?/yr

Yara International Agriculture Composite
Score: 89.5 / Rank 1 CVC Investment + NPK Offtake Agreement 150 m?/yr Monolayer
(1.5M chips) Syngenta Group Agriculture Composite Score: 89.0 / Rank 2 Syngenta Open
Innovation Grant + Series A 400 m?/yr Monolayer (20M test dies) Bayer Crop Science
Agriculture Composite Score: 87.5 / Rank 3 Leaps by Bayer Lead Check ($5M-$15M) 400
m?/yr Monolayer (20M diagnostic dies) John Deere Agriculture Composite Score: 85.5 /
Rank 4 JDA with ISG; pitch John Deere Ventures 200 m?/yr Monolayer (1.0M planter
nodes) Orbia (Netafim) Agriculture Composite Score: 80.0 / Rank 5 Co-Develop
Nanoporous Filtration Units 10,000 m?/yr Nanoporous Membrane Trimble Ag Agriculture
Composite Score: 79.0 / Rank 6 Pitch Trimble Ventures for Handheld Probes 100 m?/yr
Monolayer (1.0M probe chips) Priva / Ridder Agriculture Composite Score: 77.0 / Rank 7
Joint Horizon Europe Grant for Agrivoltaics 25,000 m?/yr R2R TCF Film Kubota Corp
Agriculture Composite Score: 72.5 / Rank 8 Kubota CVC for Vineyard Robotics Sensors 80
m?/yr Monolayer (800k sensor chips)

Robert Bosch GmbH Automotive
Composite Score: 93.2 / Tier 1 Priority Series A/B CVC + GFET JDA via Bosch VC ~150,000
m?/yr (Sensors/TIM/Radomes) Saint-Gobain Sekurit Automotive Composite Score: 92.7 /
Tier 1 Priority NOVA Equity + R2R Pilot Line Co-Dev ~2,500,000 m?/yr (Smart
Glass/Glazing) AGC Inc. Automotive Composite Score: 91.6 / Tier 1 Priority CVC Equity +
Co-Development Agreement ~2,000,000 m?/yr (Automotive Glazing) Toyota Motor

Corp. Automotive Composite Score: 91.2 / Tier 1 Priority Toyota Ventures + HTWO FCEV
JDA ~1,800,000 m?/yr (PEMFC/Sensors) Valeo SE Automotive Composite Score: 89.6 /
Tier 1 Priority SCALA LiDAR Heater Offtake Agreement ~600,000 m?/yr (LiDAR/Radar
Heaters) BMW Group Automotive Composite Score: 89.6 / Tier 1 Priority BMW Startup
Garage Venture Client Program ~1,200,000 m?/yr (Smart Glass/Sensors) Mercedes-Benz
Automotive Composite Score: 88.9 / Tier 1 Priority StartUp Autobahn PoC + CVC
Investment ~1,000,000 m?/yr (Hyperscreen/Sensors) General Motors Automotive
Composite Score: 86.9 / Tier 2 Partner GM Ventures Equity + Ultium JDA ~1,500,000
m?/yr (Ultium/Cruise) Hyundai Group Automotive Composite Score: 86.8 / Tier 2 Partner
CRADLE Equity + FCEV Pilot ~1,200,000 m?/yr (HTWO/FCEV) Tesla, Inc. Automotive
Composite Score: 85.5 / Tier 2 Partner Direct NRE / Offtake for 4680 Line ~3,000,000
m?/yr (Current Collectors/Glass) Continental AG Automotive Composite Score: 84.5 / Tier
2 Partner Co-Pace Pilot Grant + CVC Investment ~800,000 m?/yr (Sensors/Displays) Denso
Corp. Automotive Composite Score: 83.8 / Tier 2 Partner CVC Investment + Thermal JDA
~1,000,000 m?/yr (Thermal/Packaging) Infineon Tech. Automotive Composite Score: 82.9
/ Tier 2 Partner SiC Module Co-Development Agreement ~100,000 Wafers/yr (SiC
Packaging) Stellantis N.V. Automotive Composite Score: 82.1 / Tier 3 Partner Stellantis
Ventures Equity Investment ~800,000 m?/yr (Displays/HVAC) NSG Group Automotive
Composite Score: 78.8 / Tier 3 Partner Smart Glass Licensing / JDA ~500,000 m?/yr (Smart
¢ass)—m4——————m————— — — — —
Saint-Gobain (SageGlass) Construction Feasibility: 9/10 / Conv. Prob:




HIGH CVC Equity (NOVA Series A/B) + SageGlass JDA 500,000-1,500,000 m?/yr View,

Inc. / Halio Construction Feasibility: 9/10 / Conv. Prob: HIGH Strategic R&D Grant + Take-
or-Pay Contract 300,000-1,000,000 m?/yr Sika AG Construction Feasibility: 8/10 / Conv.
Prob: HIGH Sika Ventures Equity ($2M) + Licensing 100,000-500,000 m?*/yr CEMEX
Ventures Construction Feasibility: 8/10 / Conv. Prob: HIGH CEMEX Ventures Equity ($1M)
+ ConcretelQ 20,000-100,000 m?/yr Hilti Group Construction Feasibility: 8/10 / Conv.
Prob: HIGH Hilti Ventures Equity ($1.5M) + OEM Co-Dev 5,000-25,000 m?/yr PPG
Industries Construction Feasibility: 7/10 / Conv. Prob: MEDIUM PPG Ventures Equity
($2M) + R&D Co-Funding 300,000-1,000,000 m?/yr AGC Inc. Construction Feasibility: 7/10
/ Conv. Prob: MEDIUM AGC Ventures Equity ($1.5M) + BIPV Grant 400,000-1,200,000
m?/yr AkzoNobel Construction Feasibility: 6/10 / Conv. Prob: MEDIUM Paint the Future
Grant ($200k) - A 250,000-800,000 m?/yr Holcim Ltd. Construction Feasibility: 6/10 /
Conv. Prob: MEDIUM Holcim MAQER Grant ($300k) + Co-Investment 200,000-800,000
m?/yr ArcelorMittal Construction Feasibility: 5/10 / Conv. Prob: MED-LOW XCarb® Fund
Equity ($5M-$10M) + PECVD Pilot 2,000,000-8,000,000 m?/yr

Samsung
Catalyst / SVIC Consumer Verticals Tier 1 Anchor CVC Equity ($2M-$15M) + NRE Contract
800,000-1,500,000 m?/yr Apple Adv. Mfg. Fund Consumer Verticals Tier 1 Anchor
Equipment Grants & Pre-paid Offtake 1,200,000-2,500,000 m?/yr Sony Innovation Fund
Consumer Verticals Tier 1 Anchor CVC Equity ($1M-$8M) + Joint R&D 50k-150k Wafers /
100k-300k m?/yr Huawei Hubble Investment Consumer Verticals Tier 1 Anchor Direct
Equity ($3M-$20M) + Offtake 1,000,000-2,000,000 m?/yr Bosch Ventures (RBVC)
Consumer Verticals Tier 2 Co-Lead Equity ($2M-$10M) + Foundry Access 30,000-100,000
200mm Wafers/yr Bose Ventures Consumer Verticals Tier 2 Co-Lead Equity ($1M-$5M) +
Exclusive Supply 50,000-150,000 m?/yr Xiaomi Horizon / Shunwei Consumer Verticals
Tier 2 Follow Venture Equity + Ecosystem Access 800,000-1,500,000 m?/yr LG Technology
Ventures Consumer Verticals Tier 2 Follow CVC Equity ($1M-$10M) + JV 300,000-700,000
m?/yr Nike Valiant / Strategic Consumer Verticals Tier 3 Grant Innovation Grant + Seed
Equity 200,000-600,000 m?/yr Google Ventures / Garmin Consumer Verticals Tier 3 Grant
CVC Equity ($2M-$10M) + Validation 30,000-80,000 m?/yr

RTX
(Collins/Raytheon) Defense Industry Tier 1 Priority Immediate Series A Co-Investment via
RTX 30,000-60,000 m? + 2,500 kg TIM/yr Lockheed Martin (Skunk) Defense Industry Tier
1 Priority JDA with Skunk Works + STRATFI Match 15,000-25,000 m? + 4,000 Wafers/yr
Boeing (Phantom Works) Defense Industry Tier 1 Priority LSP Flight Cert. Joint Testbed via
AEI 50,000-120,000 m? + 10,000m Tape/yr Northrop Grumman Defense Industry Tier 1
Priority B-21 RAM & Space Radiator Proposal 12,000-28,000 m? + 2,500 Wafers/yr Airbus
SE Defense Industry Tier 2 Priority Rotor De-Icing EU Defense Fund Co-App 40,000-90,000
m?/yr BAE Systems (FAST Labs) Defense Industry Tier 2 Priority Tempest Smart Skin UK
DASA Proposal 10,000-20,000 m? + 3,000 m? Display/yr Honeywell Aerospace Defense
Industry Tier 2 Priority Avionics TIM Supply Agreement 15,000-30,000 m? + 3,000
Wafers/yr L3Harris Technologies Defense Industry Tier 2 Priority Tactical Radio EMI
Prototype OTA 4,000-10,000 m? + 1,200 Wafers/yr General Dynamics Defense Industry
Tier 2 Priority Execute AAL Grant + Land Subcontract 15,000-30,000 m? + 10,000m
Cable/yr Thales Group Defense Industry Tier 2 Priority Form EDF Consortium + Thales
CVC Co-Invest 12,000-25,000 m? + 1,200-3,000 Wafers/yr Rheinmetall AG Defense



Industry Tier 2 Priority Non-Dilutive Vehicle Signature Subcontract 10,000-22,000 m?/yr
Leonardo / DRS Defense Industry Tier 2 Priority Co-Invest via Leonardo CVC + DRS
Thermal 8,000-18,000 m? + 1,500-3,500 Wafers/yr Elbit Systems Defense Industry Tier 2
Priority Incabit Incubator Seed Round + Visor JDA 5,000-12,000 m? + 2,000-4,000
Wafers/yr General Atomics (GA-ASI) Defense Industry Tier 2 Priority Execute Non-Dilutive
JDA + STRATFI Match 15,000-35,000 m?/yr Safran S.A. Defense Industry Tier 3 Priority
CMC High-Temp Coating Long-Term R&D JDA 5,000-15,000 m?/yr —

- CATL
Energy Sector Tier 1 High-Volume Anchor CVC Series B/C Equity + ]V Offtake 5,000,000-
15,000,000 m?/yr Plug Power Inc. Energy Sector Tier 1 Fast-To-Market Scaler JDA + US
DOE Matching Grants 100,000-350,000 m?/yr Shell plc Energy Sector Tier 1 Core Major
Shell Ventures Equity + GameChanger Grant 150,000-500,000 m?/yr + 100-300 Wafers
SLB Energy Sector Tier 1 High-Margin Sensor Leader SLB Corporate Venturing +
Innovation Factori 20,000-60,000 m?/yr + 200-600 Wafers Siemens Energy AG Energy
Sector Tier 2 Infrastructure Scaler Siemens Energy Ventures + EU Grants 40,000-120,000
m?/yr + 500-1,500 Wafers First Solar, Inc. Energy Sector Tier 2 Long-Term Growth Option
R&D Innovation Grants + Co-Dev IP 500,000-1,500,000 m?/yr

Sony Pro Audio
Entertainment Verticals Feasibility: 9.0 / Tier 1 Beachhead SIF CVC Equity + Transducer
Offtake 2,500-4,500 m?/yr Bose Corporation Entertainment Verticals Feasibility: 8.0 / Tier
1 Beachhead Bose Ventures ($1M-$5M Equity) 1,800-3,200 m?/yr Meta Reality Labs
Entertainment Verticals Feasibility: 9.0 / Tier 1 Beachhead Reality Labs Grants + CVC
Equity 10,000-25,000 m?/yr Valve Corporation Entertainment Verticals Feasibility: 8.5 /
Tier 1 Beachhead Direct NRE Contracts + Pre-Orders 5,000-12,000 m?/yr Sony Crystal LED
Entertainment Verticals Feasibility: 9.0 / Tier 1 Beachhead SIF Equity + Micro-LED Supply
Offtake 15,000-35,000 m?/yr Sennheiser / Neumann Entertainment Verticals Feasibility:
8.5 / Tier 2 Strategic EU Horizon / BMBF Grants + NRE 300-800 m?/yr Harman / JBL /
AKG Entertainment Verticals Feasibility: 8.5 / Tier 2 Strategic Samsung Catalyst Fund
Equity 3,000-6,000 m?/yr ARRI Group Entertainment Verticals Feasibility: 8.5 / Tier 2
Strategic German/EU Grants + NRE Co-Development 2,000-5,000 m?/yr Disney
Imagineering Entertainment Verticals Feasibility: 8.5 / Tier 2 Strategic Disney Accelerator
Equity + WDI Pilot 3,000-8,000 m?/yr Roland / Pioneer DJ Entertainment Verticals
Feasibility: 8.5 / Tier 2 Strategic Co-Dev Funding + Purchase Orders 2,000-4,500 m?/yr
Barco NV Entertainment Verticals Feasibility: 8.0 / Tier 2 Strategic EU VLAIO Grants + NRE
Contracts 2,000-5,000 200mm Wafers/yr ETC Lighting Entertainment Verticals Feasibility:
8.0 / Tier 2 Strategic Corporate R&D Grants + Offtake 1,500-4,000 m?/yr Yamaha
Corporation Entertainment Verticals Feasibility: 8.0 / Tier 2 Strategic Yamaha CVC Equity
($500K-$3M) 1,500-3,500 m?*/yr HTC Vive Entertainment Verticals Feasibility: 8.0 / Tier 2
Strategic Vive X Accelerator Equity 1,200-3,000 m?/yr Shure Inc. Entertainment Verticals
Feasibility: 8.0 / Tier 2 Strategic Non-Dilutive Corporate Grants 200-500 m?/yr ROE Visual
/ Absen Entertainment Verticals Feasibility: 8.0 / Tier 2 Strategic Vendor Co-Dev Funds +
Pre-Orders 40,000-80,000 m?/yr Samsung Electronics Entertainment Verticals Feasibility:
8.5 / Tier 3 Mass Dev Samsung Catalyst Fund Equity 25,000-60,000 m?/yr RED / Nikon
Entertainment Verticals Feasibility: 7.5 / Tier 3 Mass Dev Nikon-RED Strategic Tech Fund
8,000-18,000 300mm Wafers/yr L-Acoustics / Meyer Entertainment Verticals Feasibility:
7.5 / Tier 3 Mass Dev EU R&D Grants + Supply Offtake 150-400 m?/yr




Honeywell Ventures Environmental Sector Weighted Priority Score: 9.03 / Tier 1 Lead
Series A for Experion PKS Nodes 12,000-35,000 200mm Wafers/yr Xylem Innovation Labs
Environmental Sector Weighted Priority Score: 8.98 / Tier 1 XIL Grant + Series A CVC
Equity 50,000-150,000 m? (Anodes) + 1k-3k Wafers/yr Sensirion AG Environmental
Sector Weighted Priority Score: 8.58 / Tier 1 Sensirion CVC Equity + Innosuisse Grant
8,000-20,000 200mm Wafers/yr DuPont Water Solutions Environmental Sector Weighted
Priority Score: 8.38 / Tier 2 DuPont Ventures Equity + Membrane JDA 1,100,000~
2,400,000 m?/yr Cummins / Plug Power Environmental Sector Weighted Priority Score:
8.23 / Tier 2 Cummins Ventures + DOE Hydrogen Grants 150,000-350,000 m?/yr Veolia
Water Tech Environmental Sector Weighted Priority Score: 7.98 / Tier 3 Veolia Innovation
Accelerator + ]V 2,000,000-5,000,000 m?/yr

Abbott Laboratories Health &
MedTech Priority Score: 9.8 / Near-Term Anchor Abbott Ventures Equity + FreeStyle Libre
JDA 10,000-50,000 m?/yr + 1.5k-4.5k Wafers Dexcom, Inc. Health & MedTech Priority
Score: 9.5 / Near-Term Anchor Dexcom Ventures Equity ($5M-$20M) 5,000-20,000 m?/yr
Roche Diagnostics Health & MedTech Priority Score: 9.2 / Diagnostic Lead Roche Venture
Fund Equity + IVD JDA 2,500-8,000 200mm Wafers/yr Medtronic plc Health & MedTech
Priority Score: 8.8 / Implant Lead Medtronic Ventures Equity for BCI/DBS 800-2,500
Wafers/yr + 250-1,000 m?/yr lllumina, Inc. Health & MedTech Priority Score: 8.6 /
Genomic Disruption Illumina Accelerator + Ventures Equity 1,200-4,000 200mm
Wafers/yr Siemens Healthineers Health & MedTech Priority Score: 7.9 / Imaging Partner
Siemens Healthineers VC + EU Grants 800-2,500 Wafers/yr + 100-500 m?/yr —————

Siemens AG Industrial Manufacturing Priority Score: 93.5 / Tier-1 Core Major Next47
Series A/B Equity + Simatic JDA 25,000-80,000 m? + 250-750 Wafers/yr Honeywell
International Industrial Manufacturing Priority Score: 92.0 / Tier-1 Sensing Honeywell
Ventures Series A for Experion 15,000-50,000 m? + 300-1,000 Wafers/yr 3M Company
Industrial Manufacturing Priority Score: 90.5 / Tier-1 R2R Scale 3M Ventures Equity +
Tape Joint Venture 300,000-1,000,000 mz/yr AB SKF Industrial Manufacturing Priority
Score: 88.5 / Strategic Trib. SKF Ventures Equity + SKF Insight JDA 100,000-350,000 m? +
150-450 Wafers/yr Emerson Electric Co. Industrial Manufacturing Priority Score: 86.0 /
Strategic Valve Emerson Ventures Equity + Fisher JDA 40,000-150,000 m?/yr ABB

Ltd. Industrial Manufacturing Priority Score: 84.5 / Strategic Drive ABB Tech Ventures
Equity for Inverters 50,000-200,000 m?/yr BASF SE Industrial Manufacturing Priority
Score: 83.0 / Long-Term Chem BASF Venture Capital Equity for Reactor Liners 200,000-
600,000 m?/yr Eaton Corporation Industrial Manufacturing Priority Score: 81.5 /
Hydraulic Niche Eaton Ventures Prototyping Grants 30,000-120,000 m?/yr ——————

EssilorLuxottica (Oakley)Leisure & Outdoor Weighted Score: 4.60 / Tier 1 Lead CVC Open
Innovation Grant + CVC Equity 18,000 m?/yr Columbia Sportswear Leisure & Outdoor
Weighted Score: 4.53 / Tier 1 Lead CVC Omni-Heat Development Fund JDA & Grant 50,000
m?/yr VF Corp (North Face) Leisure & Outdoor Weighted Score: 4.48 / Tier 1 Lead CVC VF
Corporate VC + Innovation Lab Grant 42,000 m?/yr Meta (Reality Labs) Leisure & Outdoor
Weighted Score: 4.40 / Tier 1 Lead CVC Meta Reality Labs Grants & CVC Equity 30,000
m?/yr Garmin Ltd. Leisure & Outdoor Weighted Score: 4.23 / Tier 2 Grant Garmin Health



Enterprise Fund 15,000 m?/yr Sony Group Leisure & Outdoor Weighted Score: 3.98 / Tier
2 CVC Sony Innovation Fund Equity 15,000 m?/yr Amer Sports (Arc’teryx) Leisure &
Outdoor Weighted Score: 3.98 / Tier 2 JDA Amer Sports / Anta VC Equity 15,000 m?/yr
Brunswick Corp Leisure & Outdoor Weighted Score: 3.70 / Tier 2 Grant Brunswick Boating
Innovation Lab Grant 6,250 m?/yr WHOOP, Inc. Leisure & Outdoor Weighted Score: 3.50 /
Tier 3 Supplier Applied Sensing Hardware Fund 6,400 m?/yr Trek Bicycle Leisure &
Outdoor Weighted Score: 3.18 / Tier 3 Supplier Trek ACG R&D Sponsorship 4,000 m?/yr —

———- Applied Materials Manufacturing Sector Composite Score: 93.5 / Priority Rank 1
Applied Ventures Equity + Maydan JDA 150,000-300,000 Wafers/yr (10.6k-21.2k m?)
Henkel AG Manufacturing Sector Composite Score: 92.0 / Priority Rank 2 Henkel Tech
Ventures Equity ($1M-$5M) 100,000-350,000 m?/yr Samsung Electronics Manufacturing
Sector Composite Score: 90.5 / Priority Rank 3 Samsung Catalyst Fund Equity ($1M-$15M)
250,000-600,000 m? + 300k Wafers/yr Boyd Corp. Manufacturing Sector Composite Score:
88.5 / Priority Rank 4 Strategic Off-take / PE Growth Capital 80,000-200,000 m?/yr TSMC
Manufacturing Sector Composite Score: 86.0 / Priority Rank 5 TSMC OIP Grant /
Commercial Off-take 500,000-1,200,000 Wafers/yr (35.3k-84.8k m?) Robert Bosch
Manufacturing Sector Composite Score: 84.5 / Priority Rank 6 RBVC Venture Equity +
Research Grant 50,000-150,000 m?/yr eq. Intel Corp. Manufacturing Sector Composite
Score: 83.0 / Priority Rank 7 Intel Capital Equity + IFS Fund 200,000-500,000 Wafers/yr
(14.1k-35.3k m?) Honeywell Manufacturing Sector Composite Score: 81.5 / Priority Rank 8
Honeywell Ventures Equity ($1M-$8M) 60,000-180,000 m?/yr Lockheed Martin
Manufacturing Sector Composite Score: 80.0 / Priority Rank 9 LMV Equity + DoD SBIR
Phase 11 8,000-25,000 m?/yr Airbus SE Manufacturing Sector Composite Score: 76.0 /
Priority Rank 10 Airbus Ventures + EU Grant Co-Funding 15,000-45,000 m?/yr —————

HD Hyundai (HD KSOE) Marine Industry Likelihood: 9.6 / Tier 1 Leader HD Hyundai
Ventures Equity ($2M-$15M) 1,200,000-3,000,000 m?/yr Wirtsila Corp. Marine Industry
Likelihood: 9.4 / Tier 1 Leader Wartsila Venturing Equity + JDA 1,200,000-3,000,000
m?/yr ABB Marine & Ports Marine Industry Likelihood: 9.1 / Tier 1 Leader SynerLeap
Accelerator + ATV Series A Equity 30,000-150,000 m?/yr Alfa Laval AB Marine Industry
Likelihood: 8.5 / Tier 2 Leader Alfa Laval Ventures Equity 180,000-500,000 m?/yr
Kongsberg Maritime Marine Industry Likelihood: 8.4 / Tier 2 Leader GFET Hydrophone &
SHM Sensor Co-Dev 270,000-850,000 GFET Units/yr AkzoNobel N.V. Marine Industry
Likelihood: 8.0 / Tier 2 Partner Paint the Future Non-Dilutive Challenge 500,000-
1,650,000 m?/yr Thales Group Marine Industry Likelihood: 7.8 / Tier 2 Partner French
DGA / EDA Grant + CVC Investment 270,000-850,000 GFET Units/yr Parker Hannifin
Marine Industry Likelihood: 7.6 / Tier 2 Partner JDA for High-Flux Shipboard RO Water
180,000-500,000 m?/yr Teledyne Marine Marine Industry Likelihood: 7.5 / Tier 2 Partner
Milestone Supplier Co-Dev & Direct Contract 270,000-850,000 GFET Units/yr Jotun A/S
Marine Industry Likelihood: 6.8 / Tier 3 Partner Norwegian Research Council Grant
Partner 500,000-1,650,000 m?/yr Fincantieri S.p.A. Marine Industry Likelihood: 6.5 / Tier
3 Partner EU Innovation Fund Partner for Smart Hull 500,000-1,650,000 mZ/yr Hempel
A/S Marine Industry Likelihood: 6.4 / Tier 3 Partner Hempel Foundation Non-Dilutive
Grant 500,000-1,650,000 m?/yr

Melexis NV Healthcare Composite Score:



9.35 / Tier 1 Foundry Co-dev gFET-on-CMOS Readout ICs 4,500 200mm Wafers/yr (150-
220 m?) Sapphiros / GrapheneDx Healthcare Composite Score: 9.10 / Tier 1 Diagnostic
Long-term Offtake for 32-plex kits 2,400-3,800 m?/yr (20M cartridges) Merck KGaA / M
Ventures Healthcare Composite Score: 8.90 / Tier 1 Bioelec M Ventures Series A/B Equity
100-250 m?/yr (1,000 Wafers / 250k implants) Abbott Laboratories Healthcare Composite
Score: 8.35 / Tier 2 Licensee DA for FreeStyle Libre CGM Biosensors 2,500-3,500 m?/yr
(20M patches) Medtronic plc Healthcare Composite Score: 8.15 / Tier 2 Co-Dev Medtronic
Ventures Equity for BCI/DBS 350-500 m?/yr (2,200 Wafers / 1.0M leads) Hawkeye Bio
Healthcare Composite Score: 7.85 / Tier 2 Oncology Supply Biosensors for Oncology Trials
160-280 m?/yr (2,000,000 strips) Roche Diagnostics Healthcare Composite Score: 6.85 /
Tier 3 Watch Monitor Central Lab IVD Cartridges 1,200-2,000 m?/yr (10M biochips)
Blackrock / Synchron Healthcare Composite Score: 6.70 / Tier 3 BCI NIH BRAIN Grant Co-
funding for BCI 35-65 m?/yr (30,000 cortical arrays)

Thorlabs Inc. Optics &
Photonics Weighted Score: 9.15 / Tier 1 Lead Immediate OEM Off-take & Catalog Lead
5,000-15,000 150mm Wafers/yr (50-150 m*) TRUMPF Venture Optics & Photonics
Weighted Score: 8.70 / Tier 1 Lead Series A Co-Investor & Laser Off-take 2,000-6,000
150mm Wafers/yr (150-420 m?) Lynred Optics & Photonics Weighted Score: 8.70 / Tier 1
Lead Lead Non-Dilutive Grant & SWIR Partner 15,000-35,000 200mm Wafers/yr (470-
1.1k m?) Intel Capital Optics & Photonics Weighted Score: 8.70 / Tier 1 Lead Series A Lead
/ CPO Anchor Investor 50,000-120,000 300mm Wafers/yr (14.1k-33.9k m?) Sony
Innovation Optics & Photonics Weighted Score: 8.15 / Tier 2 Partner Series B Co-Investor /
Pilot Fab 60,000-180,000 300mm Wafers/yr (17.0k-50.8k m?) Coherent Corp. Optics &
Photonics Weighted Score: 7.95 / Tier 2 Partner Strategic JDA / Joint Venture Partner
10,000-30,000 Wafers/yr Samsung SVIC Optics & Photonics Weighted Score: 7.55 / Tier 3
Consumer Long-Horizon Mass Consumer Option 80,000-250,000 300mm Wafers/yr
(22.6k-70.6k m?) Teledyne FLIR Optics & Photonics Weighted Score: 7.45 / Tier 2 Partner
Defense Subcontracting Partner 10,000-25,000 Wafers/yr BAE Systems Optics & Photonics
Weighted Score: 7.35 / Tier 2 Partner Defense Grant Co-Sponsor 5,000-18,000 200mm
Wafers/yr (160-560 m?) Meta Reality Optics & Photonics Weighted Score: 7.30 / Tier 3
AR/VR Research Grant / Future Licensing 100,000-400,000 m?/yr (>500k 300mm Wafers)

————— Thermo Fisher Scientific Scientific Instruments Weighted Score: 8.85 / Rank 1
Non-Dilutive JDA Grant + OEM Supply Contract ~2,700 200mm Wafers/yr (1,200,000 TEM
Grids) M Ventures / Merck Scientific Instruments Weighted Score: 8.53 / Rank 2 Lead
Series A Equity ($5M-$10M) + Distribution ~1,100 200mm Wafers/yr (350,000 gFET
Cartridges) ZEISS Ventures Scientific Instruments Weighted Score: 8.50 / Rank 3 Co-Lead
Equity ($3M-$8M) + Prototyping JDA ~950 200mm Wafers/yr (250,000 Substrates)
Agilent Technologies Scientific Instruments Weighted Score: 7.78 / Rank 4 Agilent
Ventures Equity + License Agreement ~1,100 200mm Wafers/yr (350,000 gFET
Cartridges) Hamamatsu Photonics Scientific Instruments Weighted Score: 7.48 / Rank 5
CVC Equity ($2M-$5M) + Foundry Access JDA 600 200mm Wafers/yr (Photodetectors)
Bruker Corporation Scientific Instruments Weighted Score: 7.40 / Rank 6 Strategic Equity +
Buyout Option JDA ~480 200mm Wafers/yr (150,000 AFM Wear-Probes) Horiba Scientific
Scientific Instruments Weighted Score: 6.23 / Rank 7 R&D Grant + Open Innovation
Licensing ~250 200mm Wafers/yr (40,000 Raman SERS Plates) Keysight Technologies



Scientific Instruments Weighted Score: 5.25 / Rank 8 Strategic Joint Development Grant
~25 200mm Wafers/yr (2,500 Quantum Cryo-Dies)

Airbus Defence & Space
Space Sector Strategic Score: 9.8 / Priority Tier 1 Airbus Ventures + ESA TTIO / Flagship
Grants 200-500 m?/yr + 50-120 Wafers/yr Lockheed Martin Space Space Sector Strategic
Score: 9.6 / Priority Tier 1 Lockheed Martin Ventures + SpaceWERX STRATFI 150-400
m?/yr + 100-200 Wafers/yr L3Harris Technologies Space Sector Strategic Score: 9.5 /
Priority Tier 1 L3Harris Ventures + DIU Prototype OTA 50-150 m?/yr + 150-350
Wafers/yr Rocket Lab USA Space Sector Strategic Score: 9.0 / Priority Tier 1 Direct
Commercial Off-Take + JDA 250-750 m?/yr Boeing (Spectrolab) Space Sector Strategic
Score: 8.8 / Priority Tier 1 AE Industrial / HorizonX + Spectrolab NRE 600-1,450 m?/yr
Planet Labs PBC Space Sector Strategic Score: 8.5 / Priority Tier 1 Commercial Pilot POs +
Joint IP 30-80 m?/yr + 40-100 Wafers/yr Northrop Grumman Space Sector Strategic
Score: 8.4 / Priority Tier 1 Corporate VC / DARPA + SDA Subcontract 200-600 m?/yr +
100-250 Wafers/yr BAE Systems (FAST Labs) Space Sector Strategic Score: 8.2 / Priority
Tier 1 BAE Ventures / R4i + DARPA MTO Subcontracts 50-100 m?/yr + 100-250
Wafers/yr Sierra Space Space Sector Strategic Score: 8.0 / Priority Tier 1 NASA CLD Pass-
Through + Corporate VC 300-1,000 m?/yr Axiom Space Space Sector Strategic Score: 7.5 /
Priority Tier 1 NASA Artemis Task Orders + Joint Dev 150-400 m?/yr

EssilorLuxottica (Oakley)Professional Sports Adoption Readiness: 9.0 / Tier 1 Open
Innovation Grant + Equity Co-Investment 7,500 m?/yr (Visors/Anti-Fog Lenses) Catapult
Sports Professional Sports Adoption Readiness: 8.5 / Tier 1 Joint Development Agreement
(JDA) + Licensing 1,500 m?/yr (Smart Vest Bio-Strips) McLaren Group / Applied
Professional Sports Adoption Readiness: 8.5 / Tier 1 Strategic R&D Grant + Venture Equity
500 m?/yr (F1 ECU Heat Spreaders / SHM) Garmin Ltd. Professional Sports Adoption
Readiness: 8.0 / Tier 1 Garmin Ventures Series A Equity 6,000 m?/yr (Wearable Spreaders
/ Biosensors) adidas AG Professional Sports Adoption Readiness: 7.5 / Tier 2 HYPED PoC
Grant + adidas Ventures Equity 7,500 m?/yr (Smart Apparel Thermal/Bio) Revelyst (Giro /
Bell) Professional Sports Adoption Readiness: 7.5 / Tier 2 Revelyst Innovation Grant + Co-
Development 4,000 m?/yr (Helmet Concussion Matrices) Nike, Inc. Professional Sports
Adoption Readiness: 7.0 / Tier 2 Nike Kitchen JDA + Nike Ventures CVC Equity 10,000
m?/yr (Wearable Gait/Bio Sensors) Specialized & Trek Professional Sports Adoption
Readiness: 6.5 / Tier 3 Joint R&D Sponsorship + Tier-1 Composite Partner 4,000 m?/yr
(Frame SHM Strain Grids) Amer Sports (Wilson) Professional Sports Adoption Readiness:
6.5 / Tier 3 Innovation Grant + Anta CVC Equity 4,500 m?/yr (Racket/Ski Impact Sensors)
Callaway & TaylorMade Professional Sports Adoption Readiness: 6.0 / Tier 3 Callaway
Ventures Seed/Series A Equity 1,600 m?/yr (Club Head Telemetry)

- Tesla,

Inc. Transportation Industry Readiness: High (TRL 4-5) / Priority 1 Direct JDA NRE +
Supply Agreement 1,000,000-5,000,000 m?/yr (4680 Foil /Glass) Toyota Motor

Corp. Transportation Industry Readiness: Very High (TRL 5) / Priority 1 Toyota Ventures
Equity + NEDO Grant 2,000,000-3,500,000 m?/yr (PEMFC/H2 Tanks) Volkswagen Group
Transportation Industry Readiness: High (TRL 4) / Tier 1 Porsche SE VC + BMBF Matching
Grant 2,500,000-4,000,000 mz/yr (PowerCo/CARIAD) General Motors Transportation
Industry Readiness: High (TRL 4) / Strategic Eq GM Ventures + US DOE VTO Grant



1,500,000-2,500,000 m?/yr (Ultium/Cruise) BMW Group Transportation Industry
Readiness: High (TRL 4-5) / Tier 1 BMW i Ventures + Startup Garage JDA 2,000,000-
3,000,000 m?/yr (Neue Klasse) Hyundai Motor Group Transportation Industry Readiness:
Very High (TRL 5) / Priority 1 Hyundai CRADLE Equity + MOTIE Grant 2,000,000-
3,200,000 m?/yr (HTWO/E-GMP) BYD Company Ltd. Transportation Industry Readiness:
Very High (TRL 5) / Offtake Strategic Offtake + BYD Capital Equity 5,000,000-15,000,000
m?/yr (FinDreams Foil) CRRC Corporation Transportation Industry Readiness: High (TRL
5) / Rail Leader CRRC Capital + MOST Tech Grant 300,000-500,000 m?/yr
(Pantographs/SHM) Alstom SA Transportation Industry Readiness: High (TRL 4) /
European Rail Europe’s Rail JU Grant + Strategic JDA 150,000-250,000 m?/yr (Hydrogen
Trains) Robert Bosch GmbH Transportation Industry Readiness: Very High (TRL 5) / Tier 1
Bosch Ventures (RBVC) + IPCEI Grant 1,200,000-2,000,000 m?/yr (Sensors/PEMFC)
Continental AG Transportation Industry Readiness: High (TRL 4) / Autonomous
Continental VC + German BMWK Grant 800,000-1,200,000 m?/yr (Radar Radomes) Denso
Corporation Transportation Industry Readiness: Very High (TRL 5) / Tier 1 Denso VC +
Japanese METI Grant 1,800,000-2,500,000 m?/yr (Thermal Systems)

## 4. EXECUTIVE DECISION BLOCKERS & SYNDICATION RECOMMENDATIONS

For corporate development, venture capital, and R& executives evaluating
equity investments or JDA commitments in CVD graphene startups, the research
identifies four primary **decision blockers** that must be addressed in term
sheet conditions:

1. **Cleanroom Contamination Boundaries:** For semiconductor (TSMC, Intel,
Samsung) and photonic (Coherent, Broadcom) foundries, copper catalytic
residue is strictly prohibited in front-end lines. Term sheets should mandate
that startups utilize **dry-decoupling transfer tools**, inorganic
sacrificial handles, or low-temperature PECVD direct growth on non-metallic
substrates ($<400"\circ\text{C}$).

2. **Transfer Defectivity & Pinhole Integrity:** For energy barrier
applications (CATL current collectors, Shell/Plug Power hydrogen fuel cell
plates, Orbia/DuPont membranes), pinhole defect density directly impairs
barrier impermeability. Term sheets should require continuous inline
optical/Raman defect inspection and ALD/hybrid passivation overlays that
guarantee helium leak rates $<107{-9}\text{ mbar}\cdot\text{L/s}$.

3. **Qualification Timeline Financing:** Because automotive (IATF 16949),
aerospace (FAA Part 25), and medical (FDA PMA/510(k)) qualification cycles
require 3 to 5 years, startups face extended cash burn. Investment syndicates
must stack private CVC equity with non-dilutive public grants (US CHIPS Act,
SpaceWERX STRATFI, EU Horizon Europe, DoD SBIR III) to achieve a 2x-3x non-
dilutive leverage factor.

4. **Unit Economic Parity:** To cross from pilot lines into HVM, Roll-to-Roll



(R2R) CVD manufacturing costs must drop below $\$15\text{--}\$25/\text{m}~2%
for display/automotive films and $\le \$35/\text{wafer pass}$ for 300mm logic
caps. Corporate partners should structure milestone-gated non-recurring
engineering (NRE) grants and pre-paid supply offtake contracts tied to target
line speed metrics ($>2.0\text{ m/min}$).
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## 1. Executive Briefing & Core Investment Thesis

### 1.1 Macro Thesis & Scaling Imperative

The global semiconductor and high-performance computing (HPC) industry-—
representing a $600+ Billion annual market rapidly expanding toward $1
Trillion by 2030 [1]—faces unprecedented physical and thermal scaling
bottlenecks at sub-2nm logic nodes and multi-kilowatt AI accelerator
packaging [2]. As conventional copper interconnect lines scale below
$10\text{ nm}$ width, electrical resistivity surges exponentially due to
grain-boundary electron scattering, and electromigration failure rates
accelerate [3]. Concurrently, thermal design power (TDP) in enterprise AI GPU
clusters (e.g., NVIDIA Blackwell/Rubin, AMD Instinct MI300/MI400) has
exceeded $1,000\text{ W}$ per package, creating critical thermal throttling
risks [4].

**Chemical Vapor Deposition (CVD) Graphene** represents a high-margin,
transformative deep-tech solution. Unlike commodity bulk graphene powders
(GNPs/GO) used in macro composites, **wafer-scale CVD graphene** yields
continuous monolayer or few-layer films that deliver:

1. **Near-Zero Electromigration Capping:** Extending sub-10nm
copper/ruthenium interconnect lifespan by $>10\times$ while reducing total RC
delay by up to $30\%$ [5].

2. **Unmatched Thermal Conductivity ($3,000\text{--}5,000\text{ W/mK}$):**
Lowering junction temperatures by $10\text{--}18"\circ\text{C}$ when
integrated as TIM1/TIM2 thermal interface layers in high-density AI
accelerators [6].

3. **UJltra-High-Speed Electro-Optic Modulation ($>100\text{ GHz}$):**



Enabling terabit-class Co-Packaged Optics (CPO) in silicon photonics for
hyperscale AI data centers [7].

CVD GRAPHENE VALUE CHAIN IN IT COMPUTING

SYNTHESIS: 300mm Automated PECVD / Low-Temp Thermal CVD or Roll-to-Wafer (R2W)
| | | FAB INTEGRATION: Direct Wafer Growth (<400°C) or Residue-Free Vacuum Transfer |
| CORE IT COMPUTING MARKETS (4 Key Pillars): | 1. Sub-2nm BEOL Caps 2. Al GPU
TIM1/TIM2 3. Silicon Photonics 4. HBM Stack TIM| | | MONETIZATION PATHWAY: CVC
Equity + Strategic JDAs + Equipment Sales / IP Licensing|

## 2. Market Sizing, Unit Economics, and Quantity Trajectory

### 2.1 Addressable Market Sizing (TAM / SAM / SOM)

- **Total Addressable Market (TAM):** ¢$28.5 Billion by 2032 (Global market
for semiconductor BEOL barrier/capping layers, advanced thermal interface
materials, and optical interconnect components) [8].

- **Serviceable Addressable Market (SAM):** $4.2 Billion (CVD graphene-
addressable 300mm wafer passes, GPU package thermal layers, and CPO
modulators in leading-edge logic, memory, and AI hardware) [9].

- **Serviceable Obtainable Market (SOM):** $620 Million (Realistic 5-year
capture by early-stage portfolio companies partnering with strategic CVCs and
equipment OEMs) [10].

### 2.2 Cost Trajectory & Unit Economics Comparison

| Metric / Application | Traditional Material | Traditional Cost | CVD
Graphene Target | Parity / Viability Threshold | Primary Advantage |
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| **BEOL Interconnect Cap** | Sputtered TaN / TiN / Co | $\$45\text{--
I\$75/\text{wafer pass}$ [11] | $\$15\text{--}\$30/\text{wafer pass}$ | $\le
\$35/\text{wafer pass}$ | $10\times$ electromigration resistance, $30\%$ RC
reduction |

| **AI GPU TIM1/TIM2** | Indium Foil / Liquid Metal | $\$12\text{--
}\$25/\text{package}$ [12] | $\$6\text{--}\$14/\text{package}$ | $\le
\$15/\text{package}$ | $3000+\text{ W/mK}$ thermal conductivity, zero pump-
out |

| **CPO Optical Modulator** | Lithium Niobate / InP | $\$150\text{--
}\$3508/\text{chip}$ [13] | $\$35\text{--}\$75/\text{chip}$ | $\le
\$80/\text{chip}$ | $100+\text{ GHz}$ bandwidth, ultralow energy ($<100\text{
f1/bit}$) |

| **HBM Stack TIM Layer** | Polymer Thermal Epoxy | $\$0.80\text{--
1\$1.50/\text{layer}$ [14] | $\$0.35\text{--}\$0.70/\text{layer}$ | $\le
\$0.80/\text{layer}$ | Eliminates thermal throttling in 12H/16H 3D DRAM
stacks |

*Note: 1 m2 of continuous monolayer CVD graphene film equals approximately



14.14 full 300mm wafer surface passes ($0.0707\ m”*2$ per 300mm wafer) [15].*

## 3. Deep-Dive: Corporate Venture Capital (CVC) Ecosystem & Funding Programs

Corporate venture capital in the semiconductor and IT computing sector 1is
highly strategic, focusing on derisking next-generation materials and
securing early access to proprietary process IP [16].

CORPORATE VENTURE FUNDING PATHWAYS

[Intel Capital] ——-> Series A-C Equity ($5M - $50M) + Intel Foundry Pilot | [Samsung
Catalyst] ——> Series A-B Equity ($1M - $30M) + SAIT Joint R&D | [Applied Ventures] ——
> Seed-Series B Equity ($1M - $10M) + EPIC Center JDA | [NVentures (NVIDIA)] —-> Series
A-B Equity ($2M - $20M) + Al Compute Validation [Micron Ventures] ——-> Series A-B
Equity ($1M - $5M) + HBM Testing Access | [Lam Capital] ———-> Series A-B Equity ($1M
- $8M) + Tool Co-Development |

#i## 3.1 Intel Capital (Intel Corporation)

- **Funding Program Name:** Intel Capital Deep Tech & Semiconductor
Investment Fund [17].

- **Check Size & Structure:** $\$5,000,000 \text{ to } \$50,000,000% in
Series A through Series C equity rounds; often acts as lead investor.

- **Strategic Focus:** Sub-2nm manufacturing solutions, glass substrate
packaging, optical I/0, advanced thermal management.

- **Application Alignment:** Integrating CVD graphene capping layers into
Intel 14A PowerVia backside power delivery and glass substrate interposers.
Portfolio synergies with Ayar Labs and Lightmatter [18].

- **Contact & Portal:**
[https://www.intelcapital.com](https://www.intelcapital.com) | Email:
“intelcapital@intel.com’

#i## 3.2 Samsung Catalyst Fund & Samsung Venture Investment (SVIC)

- **Funding Program Name:** Samsung Catalyst Fund (SCF) & Global Research
Outreach (GRO) Grants [19].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$30,000,000% direct
equity injections; non-dilutive GRO research grants ($100k-$300Kk).

- **Strategic Focus:** Memory scaling (DRAM/NAND), advanced foundry nodes,
mobile device cooling, 2D material synthesis.

- **Application Alignment:** Commercializing SAIT's 300mm wafer-scale
graphene synthesis IP for sub-10nm DRAM interconnect barriers and Exynos AI
mobile processor heat spreaders [20].

- **Contact & Portal:**

[https://www.samsungcatalyst.com] (https://www.samsungcatalyst.com) | Email:
“catalyst@samsung.com’

#i## 3.3 Applied Ventures, LLC (Applied Materials, Inc.)
- **Funding Program Name:** Applied Ventures Innovation Fund & EPIC Center



Co-Investment [21].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$10,000,000% minority
equity with equipment donation/co-development agreements.

- **Strategic Focus:** Capital equipment innovations, 2D material deposition
chambers, precursor chemistry, atomic layer process tools.

- **Application Alignment:** Co-developing 300mm automated PECVD graphene
reaction chambers for integration into Applied Materials' cluster tool
platforms [22].

- **Contact & Portal:**
[https://www.appliedventures.com](https://www.appliedventures.com) | Email:
“applied_ventures@amat.com’

#i#t#t 3.4 NVentures (NVIDIA Corporation)

- **Funding Program Name:** NVentures Corporate Investment Program [23].

- **Check Size & Structure:** $\$2,000,000 \text{ to } \$20,000,000% equity
rounds; strategic technical validation from NVIDIA engineering.

- **Strategic Focus:** AI hardware infrastructure, ultra-high-density thermal
management, optical interconnects, quantum hardware.

- **Application Alignment:** Deploying CVD graphene TIM1/TIM2 sheets in
Blackwell/Rubin GPU packages and integrating graphene modulators in NVLink-
Optical systems [24].

- **Contact & Portal:** [https://www.nvidia.com](https://www.nvidia.com) |
Email: “nventures@nvidia.com’

### 3.5 Micron Ventures (Micron Technology, Inc.)

- **Funding Program Name:** Micron Ventures Deep Tech Fund ($100M total
allocation) [25].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$5,000,000% Series
A/B minority equity stakes.

- **Strategic Focus:** High-Bandwidth Memory (HBM) packaging, 3D memory
interconnects, advanced materials.

- **Application Alignment:** Graphene interlayers between 12H/16H HBM stacked
DRAM dies to resolve extreme thermal throttling in AI supercomputing memory
[26].

- **Contact & Portal:** [https://www.micron.com/about/micron-
ventures](https://www.micron.com/about/micron-ventures) | Email:
“ventures@micron.com’

### 3.6 Lam Capital (Lam Research Corporation)

- **Funding Program Name:** Lam Capital Venture Fund [27].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$8,000,000% minority
equity + joint equipment co-development.

- **Strategic Focus:** Next-generation deposition, plasma etch, surface
clean, and atomic layer processing technologies.

- **Application Alignment:** Plasma CVD toolset development for low-
temperature direct wafer graphene growth and selective sub-10nm etching [28].
- **Contact & Portal:** [https://www.lamresearch.com/lam-
capital](https://www.lamresearch.com/lam-capital) | Email:
“lam.capital@lamresearch.com’



## 4. Sharper Recommendation Matrix & Evaluation Framework

To evaluate target corporate partners and investment candidates, the
following multi-dimensional scoring framework evaluates technical readiness,
market demand, financial support capability, and strategic alignment:

### 4.1 Evaluation Criteria & Weighting

1. **Likelihood of Adoption (Weight: 20%):** Score 1-5 based on urgency of
technical pain point and customer qualification status.

2. **Technical Readiness Level (TRL) (Weight: 20%):** Score 1-9 based on
technology maturity (TRL 4 = Lab validation; TRL 7 = Fab pilot line; TRL 9 =
High-Volume Manufacturing).

3. **Financial Support Capability (Weight: 20%):** Assesses CVC fund size,
equity check capacity, and availability of non-dilutive R&D grants.

4. **Quantified Opportunity (Weight: 20%):** Projected annual unit volume in
300mm wafer passes or square meters ($m~2$) of CVD film.

5. **Strategic Alignment Score (Weight: 20%):** Score 1-10 based on synergy
with portfolio ecosystem and exit opportunities.

### 4.2 Comprehensive Evaluation & Engagement Matrix

| Target Company | Primary Application | Adoption Score (1-5) | TRL Level (1-
9) | Financial Support Mechanism | Annual Demand Projection | Strategic Score
(1-10) | Recommended Engagement Strategy |
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| **TSMC** | Sub-2nm BEOL & Advanced Packaging | 4.8 | TRL 6 | JDA, OIP
Grants, Joint University R&D | 3.6M-6.0M WSPY ($254k\text{--}424k\ m"2$) |
9.8 | **Seek Strategic JDA + Fab Qualification:** Partner via OIP for 30@mm
pilot line runs. |

| **Intel Corporation** | Sub-2nm BEOL & Glass Interposers | 4.6 | TRL 6 |
Intel Capital Equity ($5M\text{--}56M$), Grants | 1.8M-2.5M WSPY
($127k\text{--}176k\ m”2$) | 9.5 | **Co-Lead Series B with Intel Capital:**
Align with Intel Foundry 14A roadmap. |

| **Samsung Electronics** | Memory Interconnects & Mobile TIM | 4.7 | TRL 7 |
Catalyst/SVIC Equity ($1M\text{--}36M$), GRO | 3.6M WSPY ($254k\ m~2%) +
$30k\ m"2$ Mobile | 9.6 | **Syndicate Equity Round with SCF:** Commercialize
mobile TIMs while testing DRAM caps. |

| **NVIDIA Corporation** | AI GPU TIM1/2 & NVLink-Optical | 4.9 | TRL 7 |
NVentures Equity ($2M\text{--}20M$), Offtake | 16k-24k $m~2$ TIM + 50k
Photonic Wafers | 9.9 | **Lead Series A/B with NVentures:** Fast-track TIM2
GPU qualification for Rubin generation. |

| **Applied Materials** | 3@@mm CVD/PECVD Toolsets | 4.5 | TRL 6 | Applied
Ventures Equity ($1M\text{--}1eM$), IDA | 50-120 CVD Chamber Sets/Year | 9.2
| **Equipment Co-Development Agreement:** Build dedicated 30@mm PECVD
modules. |

| **AMD** | 3D V-Cache & Instinct GPU TIM | 4.4 | TRL 5 | AMD Ventures



Equity, R&D Grants | 7.5k-12k $m~2$ Thermal Film/Year | 8.9 | **Execute JDA
for Chiplet Thermal Pads:** Integrate with 3D V-Cache packaging. |

| **Micron Technology** | HBM3E/HBM4 Stack TIM Interlayers | 4.5 | TRL 6 |
Micron Ventures Equity ($1M\text{--}5M$) | 1.5M-3.0M WSPY ($1@6k\text{--
}212k\ m”2$) | 9.1 | **Participate in Series A with Micron Ventures:**
Address HBM4 16H stack cooling. |

| **IBM Research** | 2nm Nanosheet & Quantum Cryo | 4.2 | TRL 5 | IBM
Ventures, CHIPS Act Grants | 15k-30k Pilot Wafers + 500 Cryo Units | 8.5 |
**Non-Dilutive Consortium Partnership:** Leverage Albany Nanotech & CHIPS Act
NSTC. |

| **Broadcom Inc.** | Co-Packaged Optics Modulators | 4.6 | TRL 6 | Strategic
JDA, Offtake Contracts | 35k-80k Photonic Wafers ($2.5k\text{--}5.6k\ m"2$) |
9.3 | **Commercial Supply Agreement:** Supply wafer-scale graphene on SOI
photonic lines. |

| **Lam Research** | Deposition/Etch Capital Equipment | 4.3 | TRL 5 | Lam
Capital Equity ($1M\text{--}8M$), IDA | 30-80 Chamber Sets/Year | 8.8 |
**Tool Integration JDA with Lam Capital:** Develop low-temperature plasma CVD
tools. |

## 5. Valuation Drivers, Financial Modeling & Commercial Scaling

### 5.1 Unit Economic Trajectory & Fab Economics Model

300mm WAFER PASS UNIT COST REDUCTION MODEL

2022 (Lab Transfer): $1,200 / 300mm Wafer Pass (Low Yield, Manual) | 2024 (Pilot Line
PECVD): $180 / 300mm Wafer Pass (Automated Transfer) 2026 Target (Early HVM): $35 /
300mm Wafer Pass (Direct PECVD Growth) 2028 Scale Target (Full HVYM): $15 / 300mm
Wafer Pass (Multi-Chamber Tool)

### 5.2 Investment Return & Revenue Modeling

A portfolio company capturing $15\%$ of the addressable AI GPU TIM2 market
($3,000\ m"2/\text{year}$) and $5\%$ of the foundry 300mm BEOL capping market
($300,000\ \text{wafer passes/year}$) by Year 4 generates:

- **TIM2 Thermal Sheets Revenue:** $3,000\ m*2 \times \$8,000/m"2 =
\mathbf{\$24.0\ \text{Million}}$

- **300mm Wafer Process Passes Revenue:** $300,000 \text{ passes} \times
\$30/\text{pass} = \mathbf{\$9.0\ \text{Million}}$

- **Equipment / IP Licensing Royalty Revenue:** $\mathbf{\$12.0\
\text{Million}}$

- **Total Projected Annual Revenue:** $\mathbf{\$45.0\ \text{Million}}$

- **Gross Margin Target:** $68\%\text{--}74\%$ (driven by low precursor gas
cost and high-throughput PECVD tool amortization) [29].

## 6. Actionable Deal Structuring & Strategic Roadmap



### 6.1 Recommended Investment Deal Structure (Series A/B)

To maximize valuation upside while minimizing capital intensity, investment
syndicates should employ a three-tier funding structure:

1. **Tpranche 1 (CVC Equity - $10M-$25M):** Lead/co-lead equity from strategic
venture arms (e.g., Intel Capital, NVentures, Applied Ventures) to validate
technology and cover capital expenditure for 300mm pilot toolsets.

2. **Tpanche 2 (Non-Dilutive Government Grants - $15M-$50M):** Leverage non-
dilutive federal and regional grants via the U.S. CHIPS and Science Act
(NSTC/NAPMP) or European IPCEI Microelectronics programs [30]. (Example:
Black Semiconductor raised €228M in non-dilutive public funding alongside
€25M VC equity [31]).

3. **Tranche 3 (Joint Development Milestones - $5M-$15M):** Structured
milestone payments tied to customer qualification (e.g., thermal resistance
$<0.05\ \text{K}\cdot\text{cm}~2/\text{W}$, BEOL defect density
$<0.01/\text{cm}"2%).

### 6.2 Contact Target Directory for Strategic Outreach

| Company | Venture Fund / R&D Unit | Key Target Contact / Title | Primary
Email / Submission Portal | Physical Location |
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| **Intel Corp.** | Intel Capital | Investment Director - Silicon & Materials
| “intelcapital@intel.com™ | Santa Clara, CA |

| **Samsung** | Samsung Catalyst Fund | VP / Head of Deep Tech Investments |

*catalyst@samsung.com™ | San Jose, CA / Suwon, KR |
| **Applied Materials** | Applied Ventures, LLC | Managing Director -
Semiconductor Solutions | “applied_ventures@amat.com™ | Santa Clara, CA |
| **NVIDIA** | NVentures | Head of Strategic Hardware Investments |
“nventures@nvidia.com™ | Santa Clara, CA |
| **Micron** | Micron Ventures | Director - Deep Tech Venture Investments |
“ventures@micron.com® | Boise, ID |
**Lam Research** | Lam Capital | Managing Director - Equipment & Materials
“lam.capital@lamresearch.com™ | Fremont, CA |

|

|

| **IBM** | IBM Ventures / Research | Lead - Microelectronics & Quantum
Partnerships | “ventures@ibm.com™ | Albany, NY / Armonk, NY |

| **TSMC** | Corporate R& / OIP | Director - Emerging Materials Ecosystem |

“oip_support@tsmc.com™ | Hsinchu Science Park, TW |
| **AMD** | AMD Ventures | VP - Corporate Development & Strategy |
“amd.ventures@amd.com’ | Santa Clara, CA |

| **Broadcom** | Optical Systems Group | VP - Silicon Photonics Development |
Portal Support Channel | San Jose, CA |
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# MEMORANDUM

*¥**TO:** Investment Committee & General Partners

**FROM: ** Deep Tech & Telecom Advanced Materials Practice

**DATE: ** March 2026

**SUBJECT: ** Investment Opportunity & Strategic Commercialization Memo: CVD
Graphene in Next-Generation IT & Telecommunications Infrastructure

## 1. Executive Summary & Core Investment Thesis

The global IT and telecommunications sector is approaching a critical
physical and architectural bottleneck driven by the exponential expansion of
Artificial Intelligence (AI) workloads, hyperscale cloud networks, and 5G-
Advanced/6G wireless deployment [1]. Interconnect bandwidths inside data
centers and telecom backhaul networks are migrating from 400G and 800G to
**]1.6 Terabits per second (1.6T)** and **3.2 Terabits per second (3.2T)**
[2]. At these ultra-high frequencies, conventional Silicon Photonics (SiPh)
electro-optic modulators—constrained by free-carrier plasma dispersion
effects—exhibit severe bandwidth limitations, high insertion loss, and
unsustainable energy consumption ($>5\text{ pJ/bit}$) [3]. Concurrently,
thermal density in AI switching Application-Specific Integrated Circuits
(ASICs) ($>500\text{W}$ TDP) and 5G massive MIMO base station Active Antenna
Units (AAUs) creates extreme thermal throttling, degrading system reliability
and network energy efficiency [4].

**Chemical Vapor Deposition (CVD) graphene** represents a category-defining
material platform that solves both challenges simultaneously:

1. **Electro-Optic Modulation & Photodetection:** Single-layer CVD graphene
integrated onto Silicon or Silicon Nitride ($\text{Si} 3\text{N} 4%)



waveguides enables electro-absorption modulators (EAMs) operating at
$>100\text{ GHz}$ speeds with an energy footprint $<100\text{ fJ/bit}$,
unconstrained by semiconductor bandgaps across the O-band ($1310\text{ nm}$)
and C-band ($1550\text{ nm}$) spectrum [5].

2. **Thermal Dissipation:** CVD graphene and graphene-graphite hybrid films
provide an in-plane thermal conductivity of $3,000-5,000\text{
W/m}\cdot\text{K}$ (over $8\times$ copper), serving as non-metallic heat
spreaders for GaN-on-SiC Radio Frequency Power Amplifiers (RF PAs) and Co-
Packaged Optics (CPO) switch modules [6].

### Key Investment Conclusions:

* **Market Inflection Point (2026-2030):** The global addressable market for
CVD graphene in optoelectronics and telecom thermal management is projected
to grow from $\$120\text{M}$ in 2025 to **$\$1.85\text{B}$ by 2032**
($31.5\%% CAGR) [7].

* **Capital Efficiency via Corporate Venture Capital (CVC):** Leading Tier-1
telecom OEMs (Nokia, Huawei, Ericsson), optical component manufacturers
(Coherent, Cisco/Acacia), semiconductor foundries (TSMC, Intel), and
equipment makers (Applied Materials) are actively funding early-stage
material and foundry tool suppliers through non-dilutive JDAs, grant
subsidies, and equity investments [8].

* **Target Deal Structure:** Series A/B co-investment rounds ($10\text{M}-
\$30\text{M}$) paired with a Strategic Joint Development Agreement (JDA)
offering milestone-based commercial off-take rights and wafer slot allocation
on commercial 200mm/300mm pilot lines [9].

## 2. Macro Market Dynamics & Technical Physics Bottlenecks
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### 2.1 The Optical Interconnect Bandwidth Wall

Traditional silicon Mach-Zehnder modulators (MZMs) require physical
interaction lengths of several millimeters ($2-5\text{ mm}$) to modulate
light effectively [10]. As data rates push beyond 200 Gigabaud per lane (for
1.6T transceivers), the physical footprint of MZMs renders them unsuitable
for dense Co-Packaged Optics (CPO) engines [11]. Thin-film Lithium Niobate
($\text{TFLN}$) and Indium Phosphide ($\text{InP}$) offer higher speeds but
suffer from complex heterogenous integration, high cost, and fragile supply
chains [12].

CVD monolayer graphene, when electrostatically gated in a double-layer Pauli-
blocking configuration, alters its complex refractive index instantly [13].
This enables ultra-compact electro-absorption modulators with an active
length $<50\ \mu\text{m}$—reducing the photonic die footprint by over
**$90\%$** compared to standard silicon MZMs while operating across all
optical telecommunication bands without active cooling [14].

### 2.2 Thermal Density in 5G/6G Base Stations & High-Density Compute
Modern 5G-Advanced and emerging 6G Massive MIMO Active Antenna Units (AAUs)
integrate up to 64 or 128 transceiver channels in a single compact housing
[15]. GaN Power Amplifiers operate at junction temperatures near
$200"\circ\text{C}$, where thermal throttling reduces RF output power and
shortens component lifespan [16]. Standard pyrolytic graphite sheets (PGS)
lack structural mechanical integrity for automated handling and display
inadequate cross-plane heat transfer. CVD-grown few-layer graphene sheets,
bonded with metallic or ceramic substrates, provide isotropic heat spreading
that reduces peak junction temperatures by **$12~\circ\text{C} \text{ to }
18"\ circ\text{C}$**, translating to a **$2.5\times$ extension in mean time
between failures (MTBF)** [17].

## 3. Detailed Analysis of Corporate Funding Programs & Venture Arms

Securing strategic corporate investment is essential for deep-tech material
companies to bridge the "Valley of Death" between initial lab synthesis (TRL
3) and high-volume semiconductor fab qualification (TRL 7). Below is an
evaluation of the leading corporate venture capital (CVC) funds, internal
innovation labs, and funding programs in the IT and telecom sector.

| | CORPORATE VENTURE &
FUNDING ECOSYSTEM LANDSCAPE



H -

T . | Semiconductor & Fab |
Optical & System | Telecom Network OEMs |

- +
- 4 | -IntelCapHal| .

Coherent Ventures | e NGP Capital (Nokia) | | e TSMC Venture Capital | e Cisco

Investments | e Huawei Hubble VC e Samsung Venture (SVIC) | e Marvell Corporate

Dev | e Ericsson Ventures | | e Applied Ventures (AMAT) | e Broadcom Strategic Dev | .

(lgualcomm Ventures
-] -

_I_ I

### 3.1 Intel Capital (Intel Corporation)
* **¥pebsite:** [https://www.intelcapital.com](https://www.intelcapital.com)
[18]
* **Fund Focus & Investment Mandate:** Intel Capital is one of the most
active corporate investors in deep tech, silicon photonics, and advanced
semiconductor materials. Investments focus on technologies that strengthen
the Intel Foundry Services (IFS) ecosystem and enhance Intel Xeon/Gaudi
server hardware platforms.
* **Tnvestment Metrics:**

* **Typical Deal Size:** $\$5\text{M} \text{ to } \$25\text{M}$ (Series A,
B, and C rounds).

* **Co-Investment Preference:** Prefers to lead or co-lead rounds alongside
top-tier financial VC syndicates.
* **Relevant Funding Program:** *Intel Capital Hardware & Frontier Tech
Fund*. Provides portfolio companies with direct access to Intel's Components
Research group and 300mm pilot line facilities in Hillsboro, Oregon.
* **Strategic Engagement Pathway:** Direct equity participation coupled with
a Joint Development Agreement (JDA) to qualify CVD graphene transfer toolsets
on 300mm Silicon Photonics wafers.

### 3.2 Samsung Venture Investment Corporation (SVIC)
* **hebsite:**
[https://www.samsungventure.co.kr](https://www.samsungventure.co.kr) [19]
* **Fund Focus & Investment Mandate:** SVIC manages dedicated venture capital
funds funded by Samsung Electronics subsidiaries (Samsung Semiconductor,
Samsung Display, Samsung Networks). It targets strategic materials, advanced
packaging, and 6G components.
* **Tnvestment Metrics:**

* **Typical Deal Size:** $\$3\text{M} \text{ to } \$15\text{M}$.

* **Tnvestment Stage:** Early-Stage (Series A/B) through Growth Stage.
* **Relevant Funding Program:** *Samsung Semiconductor Innovation Fund*.



Works closely with the Samsung Advanced Institute of Technology (SAIT) to
transfer promising lab-scale synthesis technology into Samsung’s Foundry and
Network divisions.

* **Strategic Engagement Pathway:** Strategic minority equity stake
accompanied by joint patent cross-licensing and SAIT technology transfer
agreements.

### 3.3 NGP Capital (Nokia Corporation)
* **pepsite:** [https://www.ngpcap.com](https://www.ngpcap.com) [20]
* **Fund Focus & Investment Mandate:** NGP Capital manages Nokia's multi-
stage corporate venture fund ($400\text{M}+$ Fund V). It invests globally in
industrial tech, deep tech infrastructure, and edge computing technologies
that align with Nokia's optical transport and 5G/6G wireless vision.
* **Tnvestment Metrics:**

* **Typical Deal Size:** $\$5\text{M} \text{ to } \$15\text{M}$.

* **Target Stage:** Series A through Series C.
* **Relevant Funding Program:** *Nokia Open Innovation Challenge & Deep Tech
Fund*. Portfolio companies benefit from Bell Labs technological validation,
testing infrastructure, and potential integration into Nokia WaveFabric
optical platforms.
* **Strategic Engagement Pathway:** Co-investor role in venture rounds
combined with EU Horizon Europe project co-funding (e.g., 2D Experimental
Pilot Line participation).

#i## 3.4 Hubble Technology Investment Co., Ltd. (Huawei Technologies)
* **Website:** Corporate Filings / Huawei Enterprise [21]
* **Fund Focus & Investment Mandate:** Established by Huawei in 2019, Hubble
VC focuses heavily on Chinese domestic semiconductor materials, EDA tools,
photonics, and advanced packaging startups to build an independent supply
chain.
* **TInvestment Metrics:**

* **Typical Deal Size:** $\$2\text{M} \text{ to } \$30\text{M}$ (frequently
acquiring significant equity stakes of $5\%-20\%$%).

* **Focus Area:** Strategic hardware and advanced chemical materials.
* **Relevant Funding Program:** *Huawei 2012 Laboratories Innovation Grant &
Hubble Capital Allocation*.
* **Strategic Engagement Pathway:** Rapid capital deployment linked directly
to high-volume commercial off-take purchase orders for thermal sheets and
optical chips.

### 3.5 Ericsson Ventures (Telefonaktiebolaget LM Ericsson)
* **Website:** [https://www.ericsson.com/en/about-us/ericsson-
ventures](https://www.ericsson.com/en/about-us/ericsson-ventures) [22]



* **Fund Focus & Investment Mandate:** Focuses on emerging technologies that
enhance mobile network performance, lower energy consumption in RAN
equ1pment, and enable future 6G connectivity.

* **TInvestment Metrics:**

* **Typjcal Deal Size:** $\$2\text{M} \text{ to } \$10\text{M}$.

* **Tnvestment Stage:** Early-to-Growth stage minority investments.
* **Relevant Funding Program:** *Ericsson Research Innovation Program*.
* **Strategic Engagement Pathway:** Minority equity participation tied to
field trials on Ericsson Radio System base stations and thermal management
qualification.

#i## 3.6 Cisco Investments (Cisco Systems, Inc.)
* *¥*Website:**
[https://www.ciscoinvestments.com](https://www.ciscoinvestments.com) [23]
* *¥*Fynd Focus & Investment Mandate:** Manages over $\$2\text{B}$ in active
assets across enterprise networking, silicon, optics, and cloud
infrastructure.
* *¥*Tnvestment Metrics:**

* **Typical Deal Size:** $\$5\text{M} \text{ to } \$20\text{M}$.
* **Relevant Funding Program:** *Silicon & Optics Innovation Fund*. Direct
strategic alignment with Cisco's Optics Business Unit and Acacia
Communications.
* **Strategic Engagement Pathway:** Venture investment coupled with joint
development for Co-Packaged Optics (CPO) and high-speed data center switches.

#i## 3.7 Applied Ventures, LLC (Applied Materials, Inc.)
* **hebsite:**
[https://www.appliedventures.com] (https://www.appliedventures.com) [24]
* **Fund Focus & Investment Mandate:** The CVC arm of Applied Materials, the
world’s largest semiconductor equipment manufacturer. Investigates new
material deposition equipment, 2D material synthesis, and automated transfer
tools.
* **Tnvestment Metrics:**

* **Typical Deal Size:** $\$3\text{M} \text{ to } \$1o\text{M}$.
* **Relevant Funding Program:** *Advanced Materials & Equipment Co-Innovation
Fund*.
* **Strategic Engagement Pathway:** Critical partner for scaling CVD graphene
tool manufacturing (roll-to-roll CVD reactors, wafer-scale transfer tools) to
supply major foundries (TSMC, Intel, Samsung).

## 4. Quantitative Market Demand, Unit Economics & Quantity Projections

To accurately project material demand, CVD graphene must be evaluated using



metrics specific to its two distinct commercial insertion points:

1. **Qptoelectronics (PICs / Transceivers):** Measured in **Wafer Surface
Area ($m~2$)** or **300mm / 200mm Wafer Equivalents**, as chip fabrication is
surface-area constrained.

2. **Thermal Management & EMI Shielding:** Measured in **Square Meters
($m~2$) of Large-Area Film/Foil** or **Kilograms ($kg$)**.

### 4.1 Unit Economics & Pricing Model
* **pafer-Scale Monolayer CVD Graphene (Transferred to SOI/SiN Wafer):**

* *Current Prototype Price (2025/2026):* $\$1,800 - \$3,200% per 300mm
wafer.

* *Target Commercial Volume Price (2028-2030):* $\$350 - \$600% per 300mm
wafer (driven by automated dry transfer tool availability) [25].
* **|arge-Area CVD Graphene Thermal Spreaders / Films:**

* *Current Prototype Price:* $\$250 - \$450% per $m~2%.

* *Target Commercial Price:* $\$45 - \$85% per $m"2$ at scale [26].
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### 4.2 Comprehensive Industry Demand & Quantity Model (At Full Market
Adoption)

Below is the step-by-step mathematical model quantifying annual CVD graphene
volume requirements across target companies:

$$\text{Total Wafer Demand (3@0mm Eq.)} = \frac{\text{Annual Module Volume}
\times \text{Channels/Module} \times \text{Die Area per
Channel}}{\text{Usable Surface Area of 300mm Wafer } (0.0707\text{ m}*2)
\times \text{Manufacturing Yield}}$$

$$\text{Total Thermal Film Demand (m}~2) = \text{Annual Equipment Volume}
\times \text{Graphene Area per Unit (m}~2)$$

ANNUAL QUANTITY DEMAND MODEL MATRIX

e e

-
| | Company | Target Product Line | Key Derived Metric Calculation | Total
Annual Volume




: + +
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. | Coherent Corp. | 1.6T Transceivers & Lasers | 1.25M Modules x 15
mm? / (0.0314m? x 0.6) | 1,000 x 200mm Wafers | | Cisco Systems | CPO Engines &
Switch ASICs | 2.0M Ports x 20 mm? / (0.0707m?2 x 0.7) | 808 x 300mm Wafers | | Intel
Corp. | 300mm SiPh Foundry & Package | 20% of SiPh Fab Capacity (300mm SOI) |
3,500-6,000 x 300mm Wafers | | TSMC | COUPE Photonic Foundry ﬁ 10% of Photonic
Engine Capacity | 10,000 x 300mm Wafers | Nokia Bell Labs | WaveFabric Optics &
Base Stn | 1.2M Transceivers + 200k AAUs | 835 Wafers + 5,000 m? Film | | Huaweli
Tech. | Base Station PAs & OptiX | 500k AAUs x 0.05 m2 + Optics Line | 25,000 m? Film +
1,500 Waf | | Ericsson | Massive MIMO Base Stations | 400k Radio Units x 0.03 m? |
12,000 m? Film + 600 Wafers | | Samsung Electronics | 5G/6G RF ICs & Device
Thermal | 600Kk Units x 0.05 m? + 200mm/300mm Fab | 30,000 m? Film + 2,500 Waf
| | Broadcom Inc.** | Direct Drive CPO Switches | CPO Deployment on Tomahawk 5/6 |
2,000-4,500 x 300mm Wafers | Marvell Tech. | Coherent Optical DSP Engines |
(|IOLORZ Transceiver Platform | 1,200 x 300mm Wafers |

-1 - -1 -

##t## Mass Conversion Note:

While mass is secondary in semiconductor fab economics, monolayer graphene
weighs approximately **$0.757\text{ mg/m}~2¢$** ($7.57 \times 10"{-4}\text{
g/m}r2$).

* An annual optoelectronic demand of $25,000 \text{ x } 3@0\text{mm wafer
equivalents}$ represents $\approx 1,767\text{ m}~2$ of active single-layer
graphene, weighing approximately **$1.34\text{ grams}$** of ultra-pure
crystalline carbon.

* Conversely, thermal management across base station infrastructure requiring
$72,000\text{ m}~2$ of few-layer graphene ($\sim 10\text{ atomic layers}$)
represents approximately **$545\text{ grams}$** of high-purity material.

## 5. Strategic Recommendation Matrix & Decision Framework

To guide venture investment allocation and commercial partnership
development, target companies are scored across six core dimensions (scale 1-
5):

1. **Strategic Fit (SF):** Alignment with optical bandwidth and thermal
roadmaps.

2. **Adoption Velocity (AV):** Readiness to integrate 2D materials into
active product lines.

3. **Capital Availability (CA):** Balance sheet strength and dedicated CVC
funding size.

4. **Volume Demand Potential (DP):** Scale of annual CVD graphene material
consumption.



5. **IP & Manufacturing Barrier (IP):** Fab ownership and internal process
integration capability.

6. **Commercial Execution Speed (ES):** Speed of decision-making for startup
partnership/investment.

RECOMMENDATION & ENGAGEMENT MATRIX

| T e T T T T T
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— | Company | SF | AV | CA | DP | IP | ES | Score (max30)| Recommended
Engagement Strategy
- +—t—t——F—F+—+
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. | Intel Corp. | 5 | 4 | 5 | 5 | 5 | 4 | 28 | Lead Co-Investor: Series
A/B lead via Intel Capital | | TSMC | 5|4 | 5|55 3| 27 | Tooling JDA: Foundry
qualification & OIP inclusion | | Huawei Tech. | 5| 5|5 |5 | 4 | 3 | 27 | Off-Take &
Hubble VC: High-volume commercial buy | | Coherent Corp. | 5 | 4 | 4 | 4 | 5 | 4 | 26
Strategic Equity & Off-Take: M&A target potential | | Nokia (Bell Labs)| 5 | 4144
4| 4| 25 | Co-Lead Investor: NGP Capital + EU Grant JDA | fSamsung (SVIC) | 4 | 4
5|15|14|3]|25 | CVC Equity (SVIC): Thermal sheet JV with SAIT | | Cisco Systems
5(3|5]4]|3 | 4 | 24 | Strategic VC: Cisco Investments CPO engine funding | |
Ericsson | 4 | 4 | 4 | 4 | 3 | 4 | 23 | Pilot Trial & VC: Ericsson Ventures base station
PA| | Broadcom Inc. | 5 | 3 | 5 | 4|3 | 3 | 23 | NRE Development Contract: CPO
switch modulator JDA | | Marvell Tech. | 4 | 3| 4| 3| 3] 4|21 | JDA & Co-

Investment: DSP photonic die integration
l -1 - -1 - -1 - -1 - -1 - -1 -
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## 6. Commercialization Roadmap & Investment Engagement Playbook

For deep-tech startup founders, venture capitalists, and corporate
development leads, executing a successful commercialization strategy for CVD
graphene in the IT/telecom market requires a disciplined 4-stage playbook:

[
| | COMMERCIALIZATION

PLAYBOOK PHASES |
5 -
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-~ 4 | PHASE 1: FEASIBILITY |
PHASE 2: FAB INTEGRAT. | PHASE 3: PILOT LINE | PHASE 4: MASS VOLUME | | (Months
0-12) | (Months 12-24) | (Months 24-36) | (Months 36-48+) |
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| e Qualify dry transfer | e Produce 500+ 300mm | e Fab-wide integration| | modulator
die | tool on 300mm SOI | wafers/year | at TSMC / Intel | | e Secure JDA with | e Secure
Series A | e Secure Series B | e Multi-year off-take | | Nokia / Coherent | ($10M-$15M)
led by | ($30M-$50M) with | contracts (>10k waf) | |  Achieve contact R_c | Intel
Capital / SVIC | Cisco/Huawei CVCs | e High-margin tool/ | | <100 Q-um | « Establish fab
safety | e Achieve >90% wafer | material licensing and contamination | transfer
yield |
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### Strategic Action Items for Investors:

1. **Syndicate Construction:** Form a balanced Series A investment syndicate
combining a tier-1 financial deep-tech VC (for valuation discipline and
governance) with at least two strategic CVCs—ideally **Intel Capital** or
**Applied Ventures** (providing manufacturing/tooling depth) and **NGP
Capital** or **Coherent** (providing immediate customer pull).

2. **IP Protection & Freedom-to-Operate (FTO):** Ensure the company possesses
fundamental patent claims on **wafer-scale dry transfer mechanisms**,
**contact resistance optimization**, and **low-contamination etching
chemistries**. Avoid reliance on wet transfer methods involving PMMA or
metallic copper contamination, which are strictly prohibited in 30@mm CMOS
semiconductor foundries.

3. **Cap-Table Governance:** Structure strategic corporate participation
using non-voting warrants, observation rights, or standard preferred equity
without granting exclusivity or M&A right-of-first-refusal (ROFR) blocking
rights that could stifle future exit valuations.

## 7. Inline Citations, Academic References & Industry Sources

1. **Cisco Systems:** *"Cisco Annual Internet Report (2023-2028) White
Paper"*, Cisco Cloud Networking Index (2024).

2. **Ethernet Alliance:** *"The 2024 Ethernet Roadmap: 800G, 1.6T, and
Beyond"*, Ethernet Alliance Technical Publications (2024).

3. **IEEE Photonics Journal:** *"Energy Consumption Limits of Silicon
Photonics vs. 2D Material Electro-Optic Modulators"* (Vol. 16, Issue 3, pp.
45-52, June 2024).

4. **IEEE Transactions on Components, Packaging and Manufacturing
Technology:** *"Thermal Density Management in Next-Generation AI Switch
Packages and 5G Massive MIMO Base Stations"* (Vol. 14, No. 2, 2024).

5. **Nature Photonics:** *"Graphene-based integrated electro-absorption
modulators operating at 100 GHz bandwidth"* (Vol. 17, pp. 812-819, 2023).

6. **ACS Nano:** *"In-plane thermal conductivity of wafer-scale CVD monolayer
and few-layer graphene films"* (Vol. 17, Issue 11, pp. 10234-10242, 2023).
7. **Yole Intelligence:** *"Status of the Optoelectronics & Advanced
Materials Industry 2025 Report"*, Yole Group Market Research (2025).

8. **European Commission / Graphene Flagship:** *"2D Experimental Pilot Line



(2D-EPL) Industrial Roadmap for Semiconductor Integration"* (Horizon Europe
Grant Agreement No. 952792, 2024).

9. **Global Semiconductor Alliance (GSA):** *"Corporate Venture Capital
Investment Trends in Frontier Materials and Silicon Photonics"* (GSA
Executive Report, 2024).

10. **Journal of Lightwave Technology:** *"Silicon Mach-Zehnder Modulators
vs. Graphene Modulators for Co-Packaged Optics"* (IEEE/OSA, Vol. 41, No. 12,
2023).

11. **Qptical Internetworking Forum (OIF):** *"Co-Packaged Optics Framework
Implementation Agreement"* (OIF-CP0O-01.0, 2024).

12. **Qptics Express:** *"Thin-Film Lithium Niobate vs. 2D Materials for
Ultra-Compact Photonic Integration"* (Vol. 31, Issue 9, pp. 14500-14515,
2023).

13. **Physical Review B:** *"Pauli blocking and electro-absorption tuning in
double-layer CVD graphene structures"* (Vol. 107, Article 155401, 2023).

14. **Nature Electronics:** *"Wafer-scale integration of graphene electro-
absorption modulators on silicon waveguides"* (Vol. 5, pp. 768-777, 2022).
15. **Microwave Journal:** *"Thermal Challenges in 5G-Advanced and 6G Massive
MIMO Active Antenna Units"* (Vol. 67, No. 4, 2024).

16. **IEEE Transactions on Electron Devices:** *"Junction Temperature
Reduction in GaN-on-SiC RF Power Amplifiers using CVD Graphene Heat
Spreaders"* (Vol. 70, No. 8, 2023).

17. **International Journal of Heat and Mass Transfer:** *"Reliability and
thermal enhancement of electronics using CVD graphene sheets"* (Vol. 208,
Article 124050, 2023).

18. **Intel Capital:** Portfolio Strategy and Hardware & Frontier Tech
Mandate ([https://www.intelcapital.com](https://www.intelcapital.com)).

19. **Samsung Venture Investment Corporation (SVIC):** Investment Focus Areas
and Semiconductor Fund
([https://www.samsungventure.co.kr](https://www.samsungventure.co.kr)).

20. **NGP Capital:** Nokia Venture Fund V Announcement and Deep Tech
Portfolio ([https://www.ngpcap.com](https://www.ngpcap.com)).

21. **Huawei Technologies:** Corporate Governance and Hubble Technology
Investment Filings ([https://www.huawei.com](https://www.huawei.com)).

22. **Ericsson Ventures:** Telecom Network Hardware Investment Focus
([https://www.ericsson.com/en/about-us/ericsson-
ventures](https://www.ericsson.com/en/about-us/ericsson-ventures)).

23. **Cisco Investments:** Optics and Silicon Portfolio Overview
([https://www.ciscoinvestments.com](https://www.ciscoinvestments.com)).

24, **Applied Ventures, LLC:** Advanced Equipment and Materials Investment
Mandate ([https://www.appliedventures.com](https://www.appliedventures.com)).
25. **Semiconductor International:** *"Cost of Ownership and Wafer Economics
for 2D Material Integration on 3@@mm Silicon Photonics Lines"* (2024).

26. **Industrial Materials Review:** *"Commercial Price Trajectory and Supply
Chain Bottlenecks for Chemical Vapor Deposition Graphene Films"* (2025).

# MEMORANDUM



*¥**TO:** Investment Committee & Venture Partners

**FROM: ** Advanced Materials & Semiconductor Technology Practice

**DATE: ** March 31, 2026

**SUBJECT:** Commercialization Assessment, CVC Investment Directory &
Strategic Adoption Analysis for Chemical Vapor Deposition (CVD) Graphene in
Industrial R&D

## 1. Executive Summary & Investment Thesis

### 1.1 The Investment Opportunity

Chemical Vapor Deposition (CVD) graphene represents a pivotal hardware
technology shift from low-value bulk/flake graphene additives (graphene
nanoplatelets and graphene oxide used in composites and coatings) to
**atomic-layer high-value functional films** integrated directly into
semiconductor, photonic, sensor, and energy devices [1], [2]. CVD graphene is
produced via catalytic methane pyrolysis on copper/nickel foils or direct
dielectric growth, yielding continuous single-layer films with exceptional
physical properties:

* **Carrier Mobility:** Exceeding $10,000\text{--}200,000 \text{
cm}~2/\text{V}\cdot\text{s}$ at room temperature, orders of magnitude higher
than silicon ($\sim 1,400 \text{ cm}"2/\text{V}\cdot\text{s}$) [3].

* **QOptical Transmittance:** $97.7\%$%$ optical transparency per monolayer with
low sheet resistance ($100\text{--}300\ \Omega/\text{sq}$ when doped), ideal
for broadband photodetectors and transparent contacts [4].

* **Thermal Conductivity:** Up to $3,000\text{--}5,000 \text{
W/m}\cdot\text{K}$, essential for solving thermal throttling in dense 2.5D/3D
heterogeneous microelectronics [5].

* **TImpermeability & Mechanical Strength:** Atomic barrier performance with a
Young's modulus of $1.0\text{ TPa}$ [6].

### 1.2 Market Sizing (TAM / SAM / SOM)

* **Total Addressable Market (TAM):** $12.8\text{ Billion}$ by 2032 across
global semiconductors (BEOL interconnects), optical transceivers for AI
datacenters, advanced sensors, and specialty energy membranes [7].

* **Sapryiceable Addressable Market (SAM):** $2 4\text{ Billion}$ representing
wafer-scale transferred CVD graphene films, roll-to-roll (R2R) film sheets,
and specialized CVD deposition tools [7], [8].

* **Serviceable Obtainable Market (SOM):** ¢$380\text{ Million}$ by 2029 for
high-margin ($>65\%$% gross margin) pilot-to-production CVD graphene film
suppliers and tool process licensors targeting Tier-1 semiconductor and
photonics OEMs [8].

CVD GRAPHENE VALUE CHAIN & INVESTMENT FLOW

PRECURSORS & FOILS -> CVD SYNTHESIS TOOL -> TRANSFER & INTEGRATION TOOL |
(Merck / Air Liquide) (Applied Materials) (Wafer-scale dry transfer) | | | v| END



APPLICATIONS <- DEVICE FABRICATION <- QUALIFIED GRAPHENE WAFER/FILM (Intel,
TSMC, Cisco) (Foundries / OSATSs) (Graphenea, Paragraf, Startup) |

### 1.3 Core Investment Thesis

1. **Inflection Point in Semiconductor & Datacom Bottlenecks:** Copper
interconnects face critical resistance spikes and electromigration failure
below $10\text{nm}$ line widths. CVD graphene caps/liners and graphene-on-
silicon photonic modulators offer the only commercially viable physics-based
pathway to maintain scaling [3], [9].

2. **Asymmetric Corporate Funding Landscape:** Tier-1 corporate venture
capital (cvC) arms (e.g., Applied Ventures, Intel Capital, TDK Ventures, M
Ventures) and non-dilutive grant programs (e.g., Shell GameChanger, Defense
SBIR) are actively funding early-to-growth stage startups to derisk process
integration before high-volume manufacturing (HVM) adoption [1@], [11].

3. **Hjgh Capital Efficiency via Joint Development Agreements (JDAs):** CVD
graphene startups can achieve commercial scale with reduced venture capital
outlay by securing non-recurring engineering (NRE) grants and tool co-
development funds from capital equipment leaders (Applied Materials, Tokyo
Electron) [12].

## 2. Sector-Level Corporate Target Assessment & Annual Volume Estimates

### 2.1 Logic & Memory Semiconductors

#### 2.1.1 Intel Corporation / Intel Capital
* **Corporate Profile:** Global leader in x86 CPUs, foundry services (IFS),
and advanced packaging (EMIB, Foveros).
* **pebsite:** [intel.com](https://www.intel.com) |
[intelcapital.com](https://www.intelcapital.com)
* **R&D Unit:** Intel Labs (Components Research Division) & Intel Capital.
* **Technical Use Case:** CVD graphene as an ultra-thin barrier layer and cap
on copper/ruthenium interconnects in Sub-2nm BEOL scaling; thermal heat
spreaders for 3D chip stacks [3], [13].
* **Adoption Possibility:** **Medium-High**., Active pathfinding in progress.
* **Annual Demand Metric:** 300mm Wafer Starts / Surface Area.

* *R&D / Pilot Phase:* $5,000\text{--}15,000 \text{ Wafers/year}$ ($\sim
350\text{--}1,060 \text{ m}~*2/\text{year}$).

* *Fyll HVM Phase:* $150,000\text{--}300,000 \text{ Wafers/year}$ ($\sim
10,600\text{--}21,200 \text{ m}*2/\text{year}$).
* **Corporate Funding & CVC Arm:**

* *\enture Arm:* **Intel Capital**. Managing $>1.5\text{ Billion}$ AUM
across deep tech, silicon, and frontier materials [10].

* *Check Size / Stage:* $5\text{ Million to } 25\text{ Million}$ (Series A
through Growth).

* *Funding Strategy:* Equity co-investments paired with Intel Labs JDA and



IFS foundry access.
* **Key Contacts:** Managing Director, Deep Tech Sector, Intel Capital;
Director of Components Research, Intel Labs (Hillsboro, OR).

#i## 2.1.2 Taiwan Semiconductor Manufacturing Co. (TSMC)

* **Corporate Profile:** World's premier pure-play semiconductor foundry.
* **pebsite:** [tsmc.com](https://www.tsmc.com)

* **R&D Unit:** TSMC Corporate R& (Advanced Modules & Pathfinding) / Open
Innovation Platform (OIP).

* **Technical Use Case:** Atomically thin contact layers for 2D transition
metal dichalcogenides (TMDs) in Complementary Field-Effect Transistors
(CFETs) and sub-1nm logic nodes [9], [14].

* **Adoption Possibility:** **High**, TSMC leads global 2D materials
roadmaps.

* **Annual Demand Metric:** 300mm Wafer Starts.

* *R&D / Pilot Phase:* $10,000\text{--}25,000 \text{ Wafers/year}$ ($\sim
700\text{--}1,760 \text{ m}~2/\text{year}$).

* *¥Fyll HVM Phase:* $>500,000 \text{ Wafers/year}$ ($\sim 35,000+ \text{
m}~2/\text{year}$).

* **Corporate Funding & Engagement:**

* *Engagement Model:* **Joint Development Agreements (JDAs)**, **NRE Co-
Funding**, and **OIP Ecosystem Grants**. TSMC typically avoids direct equity
positions, preferring exclusive JIDA milestones and vendor qualification co-
funding [14].

* **Key Contacts:** VP of Advanced Technology R&D, TSMC (Hsinchu, Taiwan /
San Jose, CA).

#### 2.1.3 Applied Materials, Inc. / Applied Ventures
* **Corporate Profile:** Largest global semiconductor manufacturing equipment
vendor.
* **Website:** [appliedmaterials.com](https://www.appliedmaterials.com) |
[appliedventures.com] (https://appliedventures.com)
* *¥*¥R&D Unit:** Applied Ventures, LLC & Maydan Technology Center.
* **Technical Use Case:** Development of 300mm CVD graphene deposition
toolsets and dry roll-to-wafer transfer modules for commercial foundries
[12].
* *¥*Adoption Possibility:** **Very High**. Equipment co-development is a
strategic imperative.
* **Annual Demand Metric:** 300mm Test Wafers / Equipment Qualification Area.
* *Tool R&D / Sampling Phase:* $2,000\text{--1}8,000 \text{ Test
Wafers/year}$ ($\sim 140\text{--}560 \text{ m}"*2/\text{year}$).
* **Corporate Funding & CVC Arm:**
* *Venture Arm:* **Applied Ventures, LLC**., Highly active strategic VC with
dedicated $100\text{M+}$ seed-to-growth allocation [12].
* *Check Size / Stage:* $1\text{ Million to } 5\text{ Million}$ (Seed to



Series B).

* *Strategic Value:* Direct cleanroom access at the Maydan Technology
Center and hardware integration partnerships.
* **Key Contacts:** Investment Director, Applied Ventures (Santa Clara, CA);
VP of New Markets & Alliances.

#it## 2.1.4 Samsung Electronics / Samsung Venture Investment Corp (SVIC)
* **Corporate Profile:** Global leader in DRAM, NAND flash, OLED displays,
and mobile SoCs.
* **pNebsite:** [samsung.com](https://www.samsung.com) |
[samsungventure.co.kr](https://samsungventure.co.kr)
* **R@D Unit:** Samsung Advanced Institute of Technology (SAIT) & SVIC.
* **Technical Use Case:** High-frequency transistors, flexible OLED
transparent electrodes, thermal heat spreaders, and bio-FET sensors [15].
* *¥*Adoption Possibility:** **Very High**. SAIT holds extensive CVD graphene
IP.
* **Annual Demand Metric:** Transferred Square Meters ($\text{m}~2$) & Wafer
Starts.

* *pilot / Commercial Ramp:* $50,000\text{--1}200,000 \text{
m}~2/\text{year}$ across mobile display, thermal, and sensor lines.
* **Corporate Funding & CVC Arm:**

* *Venture Arm:* **Samsung Venture Investment Corporation (SVIC)**,

* *Check Size / Stage:* $2\text{ Million to } 15\text{ Million}$ (Series A
through C).

* *Funding Strategy:* Equity investments combined with SAIT collaborative
research grants.
* **Key Contacts:** Senior Investment Manager, SVIC (Silicon Valley / Seoul);
Director of Materials Research, SAIT.

### 2.2 Optoelectronics, Datacom & Silicon Photonics

#### 2.2.1 Coherent Corp. (formerly II-VI)
* **Corporate Profile:** Global leader in optical materials, laser systems,
and optical transceivers.
* **pebsite:** [coherent.com](https://www.coherent.com)
* **R&D Unit:** Advanced Photonics R&D Division.
* **Technical Use Case:** Graphene-on-Silicon/InP electro-optic modulators
and photodetectors for 800G/1.6T/3.2T optical transceivers in AI data center
switch fabrics [16].
* *¥*xAdoption Possibility:** **High**, Graphene modulators achieve $>100
\text{ GHz}$ bandwidth at ultra-low drive voltages.
* **Annual Demand Metric:** 200mm/300mm Photonic Integrated Circuit (PIC)
Wafer Starts.

* *pjlot / Initial Production:* $5,000\text{--}20,000 \text{ Wafers/year}$
($\sim 150\text{--}600 \text{ m}~2/\text{year}$).



* **Corporate Funding & Engagement:**

* *Mechanism:* **Joint Development Agreements (JDAs)**, **Sypplier
Prepayment Grants**, and **NRE Co-Funding**.
* **Key Contacts:** VP of Technology & Innovation, Coherent Corp (Saxonburg,
PA / Fremont, CA).

#it## 2.2.2 Cisco Systems / Cisco Investments & Nvidia / NVentures
* **Corporate Profile:** Leaders in enterprise networking fabrics and AI GPU
supercomputing infrastructure.
* **pebsites:** [cisco.com](https://www.cisco.com) |
[nvidia.com](https://www.nvidia.com)
* **R&D Unit:** Cisco Silicon One, Nvidia Optics & NVentures / Cisco
Investments.
* **Technical Use Case:** Co-packaged optics (CPO) and graphene-based
electro-optic switches for ultra-low-power AI cluster interconnects [17].
* **Adoption Possibility:** **Medium-High**. Driven by AI energy efficiency
limits.
* **Annual Demand Metric:** Transceiver PIC Wafer Starts.

* *Scale:* $2,000\text{--}10,000 \text{ Wafers/year}$ ($\sim 60\text{--}300
\text{ m}"2/\text{year}$).
* **Corporate Funding & CVC Arms:**

* *Venture Arms:* **NVentures** (Nvidia VC) and **Cisco Investments**,

* *Check Size / Stage:* $3\text{ Million to } 2@\text{ Million}$ (Series A
through C).
* **Key Contacts:** Head of NVentures (Santa Clara, CA); Managing Director,
Cisco Investments (San Jose, CA).

### 2.3 Electronic Components & Sensors

#### 2.3.1 Murata Manufacturing Co., Ltd. / Murata Electronics Ventures
* **Corporate Profile:** Global leader in passive electronic components, RF
filters, and sensors.
* *¥Website:** [murata.com](https://www.murata.com)
* **R&D Unit:** Murata Electronics Ventures & Corporate R&D Center.
* **Technical Use Case:** Miniaturized Hall effect magnetic sensors, RF
surface acoustic wave (SAW) filters, ultra-thin EMI shielding films [18].
* *¥*Adoption Possibility:** **High**,
* **Annual Demand Metric:** Roll-to-Roll Transferred Area ($\text{m}~2%).

* *Scale:* $10,000\text{--1}50,000 \text{ m}~2/\text{year}$.
* **Corporate Funding & CVC Arm:**

* *Venture Arm:* **Murata Electronics Ventures**.

* *Check Size / Stage:* $1\text{ Million to } 5\text{ Million}$ (Early to
Growth Stage).
* **Key Contacts:** Investment Director, Murata Electronics Ventures (Kyoto,
Japan / Foster City, CA).



#### 2.3.2 TDK Corporation / TDK Ventures
* **Corporate Profile:** Premier manufacturer of electronic materials,
passive components, and magnetic sensors.
* **pebsite:** [tdk.com](https://www.tdk.com) | [tdk-
ventures.com] (https://tdk-ventures.com)
* **R&D Unit:** TDK Ventures & Technology Group.
* **Technical Use Case:** Bio-FET sensors, acoustic diaphragms, micro-
actuators, and advanced thermal management films [19].
* **Adoption Possibility:** **High**,
* **Annual Demand Metric:** Transferred Square Meters ($\text{m}~2%$).
* *Scale:* $15,000\text{--}60,000 \text{ m}~2/\text{year}$.
* **Corporate Funding & CVC Arm:**
* *Venture Arm:* **TDK Ventures Inc.** ($150\text{M+}$ Fund II & Fund III).
* *Check Size / Stage:* $1\text{ Million to } 8\text{ Million}$ (Seed to
Series B).
* *Focus:* "Hard-tech" materials, energy, and sensor startups.
* **Key Contacts:** President & Managing Director, TDK Ventures (San Jose,
CA).

#### 2.3.3 Sony Group / Sony Innovation Fund
* **Corporate Profile:** World leader in CMOS image sensors and consumer
devices.
* **pebsite:** [sony.com](https://www.sony.com) |
[sonyinnovationfund.com](https://sonyinnovationfund.com)
* **R&D Unit:** Sony Semiconductor Solutions Corp & Sony Innovation Fund.
* **Technical Use Case:** Broadband photodetector integration (Vis-SWIR
sensitivity expansion) on CMOS image sensors [20].
* **Adoption Possibility:** **Medium-High**.
* **Annual Demand Metric:** 200mm/300mm Sensor Wafer Starts.

* *Scale:* $10,000\text{--1}40,000 \text{ Wafers/year}$ ($\sim 300\text{--
}2,800 \text{ m}"*2/\text{year}$).
* **Corporate Funding & CVC Arm:**

* *Venture Arm:* **Sony Innovation Fund**.

* *Check Size / Stage:* $2\text{ Million to } 1@\text{ Million}$ (Series
A/B).
* **Key Contacts:** Chief Investment Officer, Sony Innovation Fund (Tokyo /
San Jose, CA).

### 2.4 Specialty Chemicals, Materials & Displays

#### 2.4.1 Merck KGaA, Darmstadt, Germany / M Ventures
* **Corporate Profile:** Global leader in electronics chemicals, liquid



crystals, and semiconductor materials.
* **Website:** [merckgroup.com](https://www.merckgroup.com) | [m-
ventures.com] (https://m-ventures.com)
* **R&D Unit:** M Ventures & Semiconductor Materials Division.
* **Technical Use Case:** High-purity carbon precursor gas mixtures,
sacrificial transfer polymers, and dielectric interface functionalization
chemicals [21].
* **Adoption Possibility:** **High**,
* **Annual Demand Metric:** Precursor Volume (Metric Tons) & R&D Film Area
($5,000\text{--}20,000 \text{ m}~2/\text{year}$).
* **Corporate Funding & CVC Arm:**

* *Venture Arm:* **M Ventures** (€600M evergreen corporate fund).

* *Check Size / Stage:* €2 Million to €15 Million (Seed to Series B).

* *Focus:* Electronic materials, synthetic biology, and hardware.
* **Key Contacts:** Head of Electronics Investments, M Ventures (Darmstadt,
Germany / Boston, MA).

#### 2.4.2 LG Electronics & LG Display / LG Technology Ventures
* **Corporate Profile:** Global display technology and consumer electronics
conglomerate.
* **pepsite:** [lgtechventures.com](https://lgtechventures.com)
* **R&D Unit:** LG Technology Ventures & LG Display R&D Center.
* **Technical Use Case:** Flexible OLED transparent electrodes, micro-LED
backplanes, thermal dissipation films [22].
* **Adoption Possibility:** **Medium-High**.
* **Annual Demand Metric:** Roll-to-Roll Transferred Area ($\text{m}~29%).
* *Scale:* $50,000\text{--1}150,000 \text{ m}”*2/\text{year}$.
* **Corporate Funding & CVC Arm:**
* *Venture Arm:* **L.G Technology Ventures** ($500\text{M}$ Fund).
* *Check Size / Stage:* $2\text{ Million to } 10\text{ Million}$.
* **Key Contacts:** Regional Director, LG Technology Ventures (Santa Clara,
CA).

### 2.5 Defense, Aerospace & Cleantech Energy

#### 2.5.1 Lockheed Martin Corporation / Lockheed Martin Ventures

* **Corporate Profile:** Premier global aerospace and defense contractor.

* **pebsite:** [lockheedmartin.com](https://www.lockheedmartin.com)

* **R&D Unit:** Lockheed Martin Ventures & Skunk Works.

* **Technical Use Case:** Broadband radar-absorbing materials (RAM), EMI
shielding for avionics, and thermal management for directed-energy hardware
[23].

* *¥*Adoption Possibility:** **High**,

* **Annual Demand Metric:** Transferred Square Meters on Aerospace
Substrates.



* *Scale:* $2,000\text{--}10,000 \text{ m}~2/\text{year}$.
* **Corporate Funding & CVC Arm:**

* *Venture Arm:* **[ockheed Martin Ventures** ($400\text{M}$ total fund
allocation).

* *Check Size / Stage:* $1\text{ Million to } 5\text{ Million}$ (Series
A/B).

* *Non-Dilutive Funding:* Defense SBIR/STTR Phase II/III matching grants
and subcontract NRE.
* **Key Contacts:** General Partner, Lockheed Martin Ventures (Bethesda, MD /
Sunnyvale, CA).

#### 2.5.2 Shell plc / Shell Ventures & Shell GameChanger
* **Corporate Profile:** Global energy and petrochemical major.
* **Website:** [shell.com](https://www.shell.com) |
[shell.com/ventures](https://www.shell.com/ventures)
* *¥*R&D Unit:** Shell Ventures & Shell GameChanger Program.
* **Technical Use Case:** Nanoporous CVD graphene membranes for H2 gas
purification, carbon capture, and electrolyzer barrier coatings [11], [24].
* **Adoption Possibility:** **Medium**.
* **Annual Demand Metric:** Membrane Surface Area ($\text{m}~2%$).
* *Scale:* $25,000\text{--1}100,000 \text{ m}”*2/\text{year}$.
* **Corporate Funding & CVC Arm:**

* *Non-Dilutive Grant Program:* **Shell GameChanger**. Provides
$100,000\text{ to } 500,000% non-dilutive grants for early proof-of-concept
validation [11].

* *Venture Arm:* **Shell Ventures** (Series A/B CVC Equity).

* **Key Contacts:** GameChanger Program Manager (Houston, TX / Amsterdanm,
Netherlands).

## 3. Comprehensive Corporate Venture Capital & Funding Program Directory

CORPORATE VC & GRANT PROGRAM MAP FOR CVD GRAPHENE

ENTITY / FUND AUM / FUND TYPICAL INVESTMENT FOCUS
SIZE CHECK SIZE
Applied Ventures Intel  $100M+ $1M - $5M Semi tools, materials |
Capital Samsung Allocation >$1.5B $5M - $25M Logic, BEOL, deep tech|
Venture (SVIC) TDK AUM >$2.0B AUM $2M - $15M Memory, display, SAIT |
Ventures M Ventures $150M Fund III $1M - $8M Hard tech, sensors |
(Merck) LG €600M €2M - €15M Chem, semi materials |
Technology Ventures  Evergreen $2M - $10M Display, thermal, CVC |
Sony Innovation Fund ~ $500M Fund $2M - $10M Image sensors, SWIR |
Lockheed Martin $250M+ $1M - $5M Aerospace, defense |

Ventures Shell Allocation $400M $100k-$500k  Clean energy, membranes



GameChanger / VC Allocation Non-  / $2M-$10M
dilutive + CVC

## 4. Sharper Strategic Recommendation Matrix

The decision matrix below evaluates target corporate partners across six
multidimensional metrics scored on a $1\text{--}5% scale ($5 =
\text{Highest/Best}$):

* **Strategic Fit (SF):** Technical alignment with CVD graphene unique
properties.

* **Capital Willingness (CW):** Likelihood of providing financial support
(Equity/Grant/JDA/NRE).

* **\/olume Potential (VP):** Commercial scale demand potential in
$\text{m}"*2$ or wafer equivalents.

* **Adoption Velocity (AV):** Speed to commercial insertion / lack of
qualification hurdles.

* **Scouting Accessibility (SA):** Ease of contact and engagement via
established CVC programs.

* **Total Score & Strategic Priority Rank.**

| Target Company | Sector | Strategic Fit (1-5) | Capital Willingness (1-5) |
Volume Potential (1-5) | Adoption Velocity (1-5) | Scouting Access (1-5) |
Overall Score (out of 25) | Priority Rank | Primary Actionable Next Step |

| **Applied Materials** | Semi Equipment | 5 | 5 | 4 | 4 | 5 | **23%* |
**Rank 1** | Pitch Applied Ventures for Series A co-investment + Maydan
cleanroom JDA |
| **TDK Corporation** | Sensors / Passives | 5 | 5 | 4 | 4 | 5 | **23** |
**Rank 1** | Apply for TDK Ventures hard-tech program for sensor pilot line
co-funding |

**Samsung / SVIC** | Memory / Displa 514 |5 ]| 3| 4| **21** | **Rank

g y play
2%*% | Submit joint R&D proposal to SAIT Materials Center via SVIC Valley
office |
oherent Corp. atacom Photonics

**Coh tC ** Dat Photoni 5 4 4 | 4 3 **20%*
**Rank 3** | Negotiate JDA & NRE grant for 200mm photonic modulator film
sampling |

ntel Cor apita ogic

**Intel Corp / Capital**| Logic / BEOL | 5 | 4 | 5 | 2 | 4 | **20%*
**Rank 3** | Target Intel Labs Components Research with sub-2nm BEOL
electromigration data |
| **Merck KGaA / M Ventures**| Semi Chemicals | 4 | 5 | 3 | 4 | 4 | **20** |
**Rank 3** | Pitch M Ventures for precursor chemistry & clean polymer
transfer co-development |
| **Lockheed Martin** | Defense / Aero | 4 | 4 | 2 | 4 | 5 | **19** | **Rank
4** | Apply for Lockheed Martin VC co-funding alongside Phase II SBIR/STTR
proposals |
| **TSMC** | Foundry / Logic | 5| 3 | 5| 2 | 3 | **18** | **Rank 5** |



Apply to TSMC Open Innovation Platform (OIP) 2D material contact working
group |

| **Sony Group** | CMOS Sensors | 4 | 4 | 3 | 3 | 4 | **18*%* | **Rank 5** |
Engage Sony Innovation Fund for SWIR photodetector enhancement pilot |

| **Shell plc** | Cleantech Energy | 3 | 5| 4 | 2 | 4 | **18** | **Rank 5**
| Apply for Shell GameChanger non-dilutive $500k grant for gas separation
proof |

## 5. Strategic Execution Roadmap & Capital Playbook for CVD Graphene
Ventures

4-STAGE CAPITAL & COMMERCIALIZATION PLAYBOOK

STAGE 1: TRL 3-4 (Months 1-12) -> Non-Dilutive Grants (Shell GameChanger, SBIR Phase
[/11) STAGE 2: TRL 5-6 (Months 12-24) -> Equipment JDA & Seed/Series A CVC (Applied,
TDK, M Ventures)| STAGE 3: TRL 7-8 (Months 24-36) —> Pilot Qualification & Strategic
Series B (Intel, SVIC, Cisco) STAGE 4: TRL 9 (Months 36+) —> High-Volume Supply
Contracts & Foundry Licensing |

### Stage 1: Proof-of-Concept & Non-Dilutive De-Risking (TRL 3-4)

* **Goal:** Validate film quality ($<0.1 \text{ defect/cm}”*2$, mobility
$>10,000 \text{ cm}”*2/\text{V}\cdot\text{s}$) on 200mm/300mm catalytic
substrates.

* *¥*Funding Mix:** Non-dilutive grants (**Shell GameChanger**, **NSF/DOE SBIR
Phase I/II**, **Merck Research Grants**).

* **Target Capital:** $\$500,000\text{ to } \$2,000,000%.

### Stage 2: Equipment JDA & Seed/Series A Corporate VC (TRL 5-6)

* **Goal:** Establish automated dry-transfer modules and secure Tier-1
equipment partnership.

* **Target Partners:** **Applied Ventures**, **TDK Ventures**, **M
Ventures**.

* **Funding Mix:** 50% Institutional VC + 50% Strategic CVC + NRE Grants.
* **Target Capital:** $\$5,000,000\text{ to } \$12,000,000%.

#i## Stage 3: Pilot Line Qualification & Series B Expansion (TRL 7-8)

* **Goal:** Integrate CVD graphene into foundry pilot lines (Intel IFS, TSMC
OIP, Samsung SAIT) and photodetector/PIC lines (Coherent).

* **Target Partners:** **Intel Capital**, **SVIC**, **NVentures**, **Cisco
Investments**, **Lockheed Martin Ventures**.

* *¥*Funding Mix:** Series B CVC Equity + Pre-paid Commercial Supply Offtakes.
* **Target Capital:** $\$15,000,000\text{ to } \$35,000,000%.

#i#t# Stage 4: High-Volume Manufacturing (HVM) & IP Licensing (TRL 9)
* **Goal:** Commercial roll-out, tool royalty licensing, and long-term wafer
supply contracts.



## 6. Risk Analysis & Mitigation Framework

| Risk Factor | Risk Level | Industry Impact | Mitigation Strategy |

e B B e B At

| **Transfer Residue & Defect Contamination** | **High** | Polymer residues
(e.g., PMMA) degrade mobility and contaminate semiconductor fab chambers [1].
| Transition exclusively to dry transfer techniques, inorganic sacrificial
layers, or direct low-temperature dielectric growth [12]. |

| **High Capital Expenditure for 300mm Tools** | **High** | High cost of
custom CVD reactors delays startup scale-up [8]. | Form joint development
agreements with Applied Materials / Lam Research to utilize shared Maydan
pilot infrastructure [12]. |

| **Copper / Metal Ion Fab Contamination** | **High** | Copper catalytic
foils are strictly banned in front-end silicon CMOS cleanrooms [13]. |
Utilize back-end (BEOL) dedicated transfer tools or non-copper catalytic
substrates (e.g., nickel, germanium, direct dielectric growth) [3], [14]. |
| **Long Semiconductor Qualification Cycles** | **Medium** | Foundries
require 3-5 years of reliability and electromigration testing [9]. |
Diversify revenue with shorter-qualification markets (e.g., aerospace RAM
coatings, specialized SWIR photodetectors, Hall sensors) [18], [23]. |
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## 1. Executive Summary & Core Investment Thesis

Chemical Vapor Deposition (CVD) graphene is transitioning from laboratory
novelty to an essential functional material in civil aviation [1, 2]. As the
commercial aviation sector races toward Net Zero 2050 emissions, civil OEMs
(Airbus, Boeing, Embraer) and Tier 1 suppliers (Safran, Collins Aerospace,
GKN Aerospace) face an imperative to eliminate parasitic structural weight,
replace legacy thermal bleed-air de-icing, mitigate lightning strike damage
on composite airframes, and prepare for liquid hydrogen ($LH_2%$) fuel
containment [3, 4].

While bulk Graphene Nanoplatelets (GNPs) are low-margin additives for
composite resins, **roll-to-roll (R2R) CVD single-layer and multi-layer
graphene sheets** represent high-margin, high-moat functional surface
products [5]. Continuous CVD graphene delivers an unparalleled combination
of:

* *¥*¥J]ltra-low areal density:** $<1 \text{ g/m}”~2$ monolayer vs. $100-500
\text{ g/m}~2$ for legacy copper expanded metal mesh (EMM).

* **High electro-thermal efficiency:** $0.5-2.5 \text{ W/cm}”*2$ heat flux at
$>90\%$ electrical-to-thermal conversion, yielding a **60-80% energy
reduction** over resistive wire de-icing mats [6].

* **Zero gas permeability:** Quantum mechanical barrier preventing $H 2%
leakage in $LH_2$ cryogenic composite tanks [7].

* **High optical transparency:** $>97\%$ per monolayer, replacing brittle
Indium Tin Oxide (ITO) in cockpit window heaters and electrochromic glass

[8].

### Key Investment Highlights:

1. **Serviceable Addressable Market (SAM):** Total annual civil aerospace
demand for CVD graphene surface films is projected at **250,000 to 350,000
$m~2$ per year** by 2032, representing an annual material SAM of **$50M to
$120M** for raw film, expanding to **$350M-$600M** when integrated into
qualified sub-assembly modules (electrothermal mats, composite prepregs,
transparencies) [3, 9].

2. **High Barriers to Entry & Sticky Enterprise Value:** FAA/EASA
certification (Part 25.1419 icing, Part 25.581 lightning protection), AS9100D
manufacturing, and NADCAP composite approval create a 3-to-5-year
qualification moat [10, 11]. Once qualified on an aircraft platform (e.g.,
A320neo, B787), a supplier locks in 20+ year recurring production revenues
with virtually zero threat of displacement.

3. **Capital-Efficient Non-Dilutive Leverage:** Early-stage CVD graphene
scale-ups can match every $1 of private venture equity with $2-$4 of non-
dilutive government and corporate R& grants via programs like the UK
Aerospace Technology Institute (ATI), EU Clean Aviation JU, and FAA CLEEN [4,
12].



## 2. Market Sizing, Drivers, and Regulatory Catalysts
CIVIL AEROSPACE CVD GRAPHENE MARKET MAP

—_— + | TOTAL ADDRESSABLE MARKET
(TAM) | | Global Aerospace Functional Surface Films & Coatings (~$1.8B) | +——————

——+ | SERVICEABLE ADDRESSABLE MARKET (SAM) | | Civil Aircraft De-Icing, LSP, LH,

Barriers & Transparencies | | (~250,000 - 350,000 m? /year | $350M-$600M) | +————
+|v+
————+ | SERVICEABLE OBTAINABLE MARKET (SOM) | | Early-Mover Scale-Up Capture
across Tier 1 Suppliers (15-25%) | | (~50,000 m? /year | $75M-$120M) | +

+

### 2.1 Fleet Production Volumes & Material Requirements

Civil aircraft build rates are experiencing strong post-pandemic recovery and
record order backlogs (over 14,000 commercial aircraft on order combined
between Airbus and Boeing) [13]:

* **Narrowbody Airframes (A32@0neo, B737 MAX):** Combined output scaling to
~1,200-1,400 aircraft/year. Primary CVD graphene adoption: Electro-thermal
wing/tail de-icing (~45-50 $m~2$/plane) and cockpit window heaters (~5
$m~2$/plane) [3].

* **pjdebody Airframes (A350 XWB, B787, B777X):** Combined output scaling to
~200-250 aircraft/year. Primary CVD graphene adoption: Composite
fuselage/wing Lightning Strike Protection & EMI interlayers (~650-900
$m~2$/plane) + nacelle de-icing (~120 $m~2$/plane) [9, 14].

* **Urban Air Mobility / eVTOL (Eve Air Mobility, Joby, Wisk, Archer):**
Projected fleet ramp of 1,500+ aircraft/year by 2030. Critical driver: Severe
mass constraints make CVD graphene de-icing and battery thermal containment
mandatory (~12-15 $m~2$/evTOL) [15].

### 2.2 Primary Regulatory & Environmental Catalysts

* **FAA AC 20-158B & Part 25.581 (Lightning Protection):** Mandates
continuous conductive paths across composite structures. CVD graphene
composite skins eliminate heavy copper expanded metal mesh (ECM), reducing
empty weight by up to 250 kg per widebody aircraft [10, 14].

* **FAA Part 25.1419 & EASA CS-25 (Icing Conditions):** Tightened regulations
on Supercooled Large Droplets (SLD icing) require rapid-response, high-heat-
density de-icing [11]. Bleed air is unavailable on modern bleedless designs
(e.g., B787) or electric/eVTOL platforms, forcing the adoption of high-
efficiency electro-thermal heaters.

* **EU Fit for 55 & Net Zero 2050 Mandates:** Aviation CO2 reduction goals
force OEMs to shave weight. Every 100 kg mass reduction saves ~2.5-3.0 tons
of CO2 per aircraft per year [12, 16].

* **REACH & PFAS Restrictions:** European regulations restricting per- and
polyfluoroalkyl substances (PFAS) and heavy metal coatings are pushing Tier 1



coaters toward bio-compatible 2D carbon materials [17].

## 3. Deep-Dive: Company-Level CVC Arms, Funding Programs & Grant Mechanisms

To successfully transition CVD graphene into civil aviation, developing
companies must navigate corporate venture arms, non-dilutive government
grants, and supplier development programs [18]. Below is an expanded analysis
of the 12 core targets:

CORPORATE VENTURE CAPITAL & GRANT MATCHING LANDSCAPE

—— ++ -+ | CORPORATE VENTURE CAPITAL | |
NON-DILUTIVE GOVT GRANTS | | - Airbus Ventures | | - EU Clean Aviation JU | | - Boeing
HorizonX / AE | <-> | - UK ATI (E300M/yr) | | - Safran Corporate VC | | - FAA CLEEN / NASA
ULI | | - RTX Ventures | | - French DGAC / CORAC | | - Honeywell Ventures | | - Brazilian
FINEP | + -+ + -+ /vv+
+ | DEVELOPING CVD GRAPHENE SCALE-UP | | Series A/B Equity +
Matching Grant Co-Funding | + +

### 3.1 Airbus SE (Airbus Ventures & Clean Aviation JU)
* **Corporate Venture Arm:** **Airbus Ventures** (Silicon Valley, Toulouse,
Tokyo) [19].

* *Fund Structure:* ~$150M+ active deeptech fund. Typical ticket size: $1M
to $8M (Seed to Series B).

* *Focus:* Advanced lightweight materials, zero-emission aviation,
autonomy, hydrogen tech.

* **Non-Dilutive Grant Mechanisms:**

* **Clean Aviation Joint Undertaking (JU):** €1.7B EU partnership under
Horizon Europe [12]. Grants cover 70-100% of eligible R&D costs for
composite, $LH 2$, and ultra-efficient wing technologies.

* **Fast Track to Innovation (FTI):** Grants up to €3M for rapid TRL 4-to-7
transition.

* **Co-Development Pathway:** Co-funding via Airbus Central R&T (Toulouse,
France) under joint Non-Recurring Engineering (NRE) contracts for A320
replacement and ZEROe platforms [3].

### 3.2 The Boeing Company (Boeing HorizonX & BR&T)
* **Corporate Venture Arm:** **Boeing HorizonX** (Partnered with AE
Industrial Partners) [20].

* *Fund Structure:* Multi-stage investment platform. Typical ticket size:
$2M to $10M.

* *Focus:* Advanced manufacturing, advanced materials, mobility,
sustainability.
* **Non-Dilutive Grant Mechanisms:**

* **FAA CLEEN (Continuous Lower Energy, Emissions, and Noise) Program:**
Federal matching grant program where Boeing co-funds advanced materials tests



[21].

* **NASA University Leadership Initiative (ULI) & AFRL Dual-Use SBIR Phase
III:** Matching transition funding up to $5M.
* **Co-Development Pathway:** Boeing Research & Technology (BR&T) supplier
development grants with lab testing facilities in St. Louis, MO, and Everett,
WA [14].

### 3.3 Safran S.A. (Safran Corporate Ventures)
* **Corporate Venture Arm:** **Safran Corporate Ventures** (Paris, France)
[22].

* *Fund Structure:* €80M+ dedicated corporate venture fund. Typical ticket
size: €1M to €5M.

* *Focus:* Decarbonization, advanced composite materials, smart sensors,
electrical propulsion.

* **Non-Dilutive Grant Mechanisms:**

* **Fpench Civil Aviation Authority (DGAC) / CORAC Grants:** French
government aeronautical R&D fund supporting green aviation technologies with
up to 50% cash match [23].

* **Horizon Europe Collaborative Work Programmes.**

* **Co-Development Pathway:** Direct supplier partnership with Safran
Nacelles (Le Havre) for electro-thermal de-icing and Safran Electrical &
Power [6].

### 3.4 RTX Corporation (RTX Ventures & Collins AR&T)
* **Corporate Venture Arm:** **RTX Ventures** (Arlington, VA) [24].

* *Fynd Structure:* $100M+ strategic venture fund. Typical ticket size: $2M
to $7M.

* *Focus:* Advanced materials, electrification, autonomous systems,
structural health monitoring.
* **Non-Dilutive Grant Mechanisms:**

* **Collins Applied Research & Technology (AR&T) Seed Fund:** Internal NRE
grant allocation for high-TRL materials startups.

* **US Defense/FAA Dual-Use Grants & SBIR Matching.**
* **Co-Development Pathway:** Joint development with Collins Aerostructures
(Chula Vista, CA) for wing and nacelle ice protection modules [6, 24].

### 3.5 Rolls-Royce plc (Rolls-Royce Ventures & ATI UK)
* **Corporate Venture Arm:** **Rolls-Royce Ventures** (London / Derby, UK)
[25].

* *Focus:* Hybrid-electric propulsion, advanced thermal management, smart
engine materials.

* **Non-Dilutive Grant Mechanisms:**

* **UK Aerospace Technology Institute (ATI) Program:** £300M annual UK
government grant fund [4]. Provides 50-70% non-dilutive grant funding for UK-
based aerospace consortiums.

* **Co-Development Pathway:** Rolls-Royce Central Technology Group joint
testing contracts for composite fan blade protection and power electronics
heat spreaders [25].



#i## 3.6 GKN Aerospace (UK ATI Consortium & Clean Aviation)

* *¥*Fynding Mechanism:** GKN leads major UK ATI grant consortiums (e.g., Wing
of Tomorrow, Maxem™ Ice Protection) [4].

* **TInvestment Potential:** Direct supplier NRE co-funding and exclusive
manufacturing rights agreements [26].

* **Co-Development Pathway:** GKN Global Technology Centre (Filton, UK)
provides test rigs and flight test integration for electrothermal wing
leading edges [26].

#i## 3.7 Spirit AeroSystems (Spirit Innovation Center & ATI)

* *¥*Fynding Mechanism:** Spirit AeroSystems Innovation Center (Wichita, KS &
Prestwick, UK) provides NRE prototype development grants [27].

* **Co-Development Pathway:** Automated Fiber Placement (AFP) trial runs co-
funded via UK ATI grants for integrated composite fuselage LSP/EMI sheets
[27].

### 3.8 Honeywell Aerospace (Honeywell Ventures)
* **Corporate Venture Arm:** **Honeywell Ventures** (Charlotte, NC / San
Jose, CA) [28].

* *Fund Structure:* Multi-hundred million corporate fund investing across
seed to growth stages. Typical ticket: $2M to $8M.

* *Focus:* Microelectronics, photonics, 2D materials, sensors, thermal
management.
* **Non-Dilutive Grant Mechanisms:**

* **DARPA / USAF / FAA SBIR/STTR Phase II/III Co-Sponsorship:** Matching
funds for wafer-scale 2D materials in defense and civil avionics [28].

### 3.9 Leonardo S.p.A. (Leonardo CVC & Italian PNRR)

* *¥*Funding Mechanism:** **Leonardo Corporate Venture Capital** in
partnership with Cassa Depositi e Prestiti (CDP) VC Fund [29].

* **Non-Dilutive Grants:** Italian National Recovery and Resilience Plan
(PNRR) aerospace research funds + EU Clean Aviation JU grants [12, 29].

#i## 3.10 Embraer S.A. / Eve Air Mobility (Embraer-X & FINEP)

* **Corporate Venture Arm:** **Embraer-X / Embraer Ventures** (Boston, MA &
Brazil) [15].

* **Non-Dilutive Grants:** **FINEP** (Brazilian Innovation Agency) and
**FAPESP** grants covering up to 60% of R& costs for green regional aviation
and eVTOL technologies [15].

#i## 3.11 Hexcel Corporation (Hexcel Ventures)

* **Corporate Investment Arm:** Direct minority strategic investments and
strategic M&A acquisitions [30].

* **Co-Development Pathway:** Formulates masterbatch CVD graphene-coated
carbon prepregs (HexPly®) under licensing/royalty agreements [30].

### 3.12 PPG Aerospace & Gentex Corporation
* **Funding Mechanism:** Direct Supplier Innovation NRE co-funding for
optical transparency coatings [8].



## 4. Sharper Recommendation & Action Matrix for Investors

To maximize risk-adjusted returns and capital efficiency, target aerospace
companies are classified into three strategic investor tiers:

* **Tjer 1: Strategic CVC Leads (Equity Capital + High-Volume Offtake
Guarantee):** Prime targets for Series A/B lead equity investments, combining
equity capital with long-term commercial off-take agreements.

* **Tier 2: Non-Dilutive Grant & JDA Co-Sponsors (NRE Funding + Flight
Qualification):** Prime partners for non-dilutive cash matching grants and
flight-test qualification co-sponsorship.

* **Tjer 3: Intermediary Supply Chain Integrators (Prepreg & Component
Licensees):** Channel partners who license/convert the CVD graphene film into
qualified composite prepregs or transparencies.

INVESTOR STRATEGIC RECOMMENDATION MATRIX

Target Entity Investor Tier Category | Expected Capital Source| Key Qualification |
Time to | Priority | & Typical Ticket Size| Milestone | Revenue | Rank

(1-12) |
Airbus SE Tier 1: Lead CVC Airbus TRL 6 Flight 3-5 Rank
& Offtake Ventures Test on Wing Years 1
Partner ($2M-$8M Leading Edge
Equity)
RTX / Collins Tier 1: Lead CVC RTX FAA Part 2-4 Rank
Aerospace & Module Ventures 25.1419 De- Years 2
Integrator ($2M-$7M Icing Mat Cert
Equity)
Safran S.A. Tier 1: Lead CVC Safran Nacelle Cowl 3-4 Rank
& Nacelle Corporate Thermal Shock  Years 3
Partner VC (€1M- Certification
€5M Equity)
The Boeing Tier 1: Lead CVC Boeing FAA Part 25.581 4-5 Rank
Company & Airframe OEM HorizonX Composite LSP Years 4
($2M-$10M  Cert
Equity)
GKN Aerospace Tier 2: UK ATI Grant Match | Maxem™ De-Icing | 2-3
Grant/JDA Years | Rank 5 | (E2M-£5M Non-Dilutive)| Wing
Consortium Integration | | |
Lead
Hexcel Tier 3: Prepreg  Corporate AS9100 Master- 2-3 Rank
Corporation Channel Strategic Roll Prepreg Years 6

Converter Investment / Commercialize



M&A

Honeywell Tier 1: CVC / Honeywell Wafer-Scale 3-5 Rank
Aerospace Avionics Lead Ventures Photonic Years 7
($2M-$8M  Avionics
Equity) Reliability
Spirit Tier 2: Spirit AFP Composite  3-4 Rank
AeroSystems Grant/]DA Innovation Layup Machine  Years 8
Manufacturing  Center / ATI  Compatibility
Lead Grants
Embraer /Eve  Tier 2:eVTOL/ Embraer-X/ eVTOL Rotor 2-3 Rank
Air Mobility Early Adopter FINEP Blade Ice Years 9
Grants Protection Cert
($1M-$3M)
Rolls-Royce plc  Tier 2: Engine Rolls-Royce  UltraFan Blade  4-5 Rank
Thermal VC / ATI Erosion Coating Years 10
Partner Grants
Leonardo S.p.A.  Tier 2: Leonardo Civil Tiltrotor 3-5 Rank
European CvC/ CDP Blade De-Icing Years 11
Aerostructures  Funds Qualification
PPG / Gentex Tier 3: Window  Supplier Cockpit Glass 2-3 Rank
Transparencies Channel Partner NRE Grants  Defrost Optical  Years 12
($500k- Transparency
$2M)

## 5. Quantity & Volumetric Commercial Revenue Model

To provide a precise financial model for investors, material demand is

modeled bottom-up based on aircraft build rates, component surface areas, and
projected unit prices ($/m~2$) for R2R CVD graphene sheets over time [3, 9,
31].

CVD GRAPHENE UNIT PRICE TRAJECTORY ($/m2?)

-+ | *(2025: $180/m? - Low Volume /
Pilot Lines) | $150 | | | | $100 | * (2028: $80/m? - Automated R2R Pilot Lines) | | | $50 | *
(2032+: $35/m? - Full Fleet Scale)| $0 + -+ 2025
2027 2029 2031 2033 2035

### 5.1 Annual Volumetric Demand Summary by Application Segment (2032
Projection)

1. **Electro-Thermal De-Icing / Anti-Icing (Wing, Tail, Nacelle):**
* *Narrowbody (A320neo, B737 MAX):* 1,200 aircraft/yr $\times$ 45 $m~2$ =



**54,000 $m"2$/year**,

* *Wjdebody (A350, B787, B777X):* 220 aircraft/yr $\times$ 120 $m"2$ =
**¥26,400 $m"2$/year**,

* *Regional Jets & eVTOL:* 1,500 eVTOLs/yr $\times$ 12 $m~2$ = **18,000
$m~2$/year**,

* *Sybtotal:* **98,400 $m~2$/year**,

2. **Lightning Strike Protection & EMI Shielding Interlayers:**

* *Wjdebody Composite Airframes:* 220 aircraft/yr $\times$ 750 $m~2$ =
**165,000 $m~2$/year**,

* *Narrowbody Next-Gen Composite Wings:* 300 aircraft/yr $\times$ 80 $m~ 2%
= **¥24,000 $m"2$/year**,

* *Subtotal:* **189,000 $m~2%$/year**.

3. **Smart Cockpit Transparencies & Displays:**
* *Commercial Fleet Windshields:* 1,600 aircraft/yr $\times$ 5 $m~ 2% =
**8.000 $m"2$/year**,

4. **Liquid Hydrogen ($LH_2%) Cryogenic Fuel Tank Barriers (Post-2032
ZEROe) : **

* *Hydrogen Aircraft Fleet:* 50 aircraft/yr $\times$ 300 $m~2$ = **15,000
$m~2$/year**,

5. **Wafer-Scale Photonic Avionics & Sensors:**
* *Avionics Microelectronics:* **25,000 200mm/300mm Wafer
Equivalents/year** (~750 $m"2%$/year).

* **TOTAL ESTIMATED ANNUAL VOLUME AT FULL ADOPTION:** **.319,000 $m~2$ of CVD
Graphene Film per year** [3, 9].

### 5.2 Financial Revenue Projection Model for a Scale-Up Startup

STARTUP REVENUE RAMP & CAPITAL EFFICIENCY MODEL

Metric  Phase 1 (2026- Phase 2 (2028- Phase 3 (2030- Phase 4
27) Pilot / TRL4 29)Qual / TRL6 31) Fleet Intro (2032+) Full
TRL 8 Scale

Annual Production (m?)] 2,500 m? | 15,000 m? | 60,000 m? | 200,000 m? Average ASP
(/m?) | $180 / m? | $110 / m? | $65 / m? | $40 / m? | Raw Material Revenue | $0.45M |
$1.65M | $3.90M | $8.00M | Integrated Module Rev* | $3.50M | $18.00M | $65.00M |
$180.00M | Gross Margin (%) | 35% | 52% | 62% | 68% | Non-Dilutive Grant % | 70% |
45% 120% | 5% |

*\*Note: Integrated Module Revenue includes value-add fabrication of finished
electro-thermal de-icing mats, pre-integrated composite prepreg rolls, and
tested windshield assemblies [9, 31].*



## 6. Deal Structuring, Risk Mitigation & Qualification Roadmap
AEROSPACE TRL / MATURATION ROADMAP

TRL 1-3 TRL 4-5 TRL 6-7 TRL 8-9 Basic Research Lab Validation Flight Demo Fleet Intro

————t ————+ + ++ + | Lab CVD |->| R2R Pilot | —>| AS9100

| —>| FAA/EASA | | Growth | | Layup | | Flight Test| | Shipset | | Synthesis | | Coupon Test| |
Cert (Part | | Production | | | | (LSP/Ice) | | 25.1419) | | Supply | +—M—M—+ +————+
+————+ +————+ Grant Funded Grant + CVC CVC + NRE Commercial (UKRI/EU)

Seed ($2M-$5M) Series A/B Offtake Rev

### 6.1 Structuring Strategic Joint Development Agreements (JDAs)

When negotiating JDAs with Tier 1s (Collins, Safran, GKN) or OEMs (Airbus,
Boeing), venture investors must enforce key structural protections:

1. **IP Ownership Boundaries:** Retain total ownership of **Background IP**
(CVD synthesis methods, transfer protocols, roll-to-roll machinery) and grant
the aerospace partner **Foreground IP** limited strictly to the specific
airframe component application.

2. **Right of First Refusal & Non-Exclusivity:** Avoid broad exclusive
licenses. If an OEM demands exclusivity for de-icing, limit exclusivity to
their specific airframe type (e.g., narrowbody commercial jets) for a maximum
of 24-36 months post-qualification, tied to minimum annual purchase volumes.
3. **Non-Recurring Engineering (NRE) Cost-Sharing:** Require Tier 1 partners
to fund at least 50% of AS9100 and NADCAP qualification testing costs through
non-refundable NRE payments.

### 6.2 Managing Aerospace Qualification Risk (AS9100 & NADCAP)

Aerospace qualification requires rigorous statistical material property
databases (B-basis / A-basis allowables under CMH-17 guidelines) [10]. To
mitigate capital burn during this multi-year phase:

* **| everage National Test Labs:** Utilize government-subsidized facilities
such as the National Institute for Aviation Research (NIAR in Wichita, KS),
the UK National Composites Centre (NCC in Bristol), and the European Graphene
Flagship laboratories.

* **pyal-Use Commercialization:** Commercialize intermediate non-aerospace
high-margin applications (e.g., wind turbine blade anti-icing, luxury
automotive de-icing glass) to generate bridge revenue while aerospace
FAA/EASA flight trials proceed.
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# INVESTMENT MEMORANDUM

**TQ:** Defense Technology Investment Committee & Corporate Venture Partners
**FROM: ** Advanced Materials & Aerospace Strategy Practice

**DATE: ** March 2026

**SUBJECT:** Commercialization Roadmap & Investment Assessment: CVD Graphene
in Aerospace & Defense

**CLASSIFICATION:** Commercial Investment & Strategic Market Assessment

## 1. Executive Summary & Investment Thesis

Chemical Vapor Deposition (CVD) graphene represents a critical, high-margin
materials transition opportunity for next-generation aerospace and defense
platforms. Unlike first-generation graphene nanoplatelets (GNPs) or graphene
oxide (GO) powders—which are low-margin additives ($50-$150/kg) dispersed in
polymers—CVD graphene produces continuous, large-area mono- to multi-layer
films and wafer-scale single-crystal domain films. These continuous 2D
structures command premium unit pricing (**$150-$600 per $m~2$** for flexible
films; **$500-$2,000 per 200mm wafer**) and yield strong gross margin
profiles (**>65% at scale**) due to high technical switching costs once
qualified on military platforms [DoD MIBP, 2023; Ferrari et al., 2015].

CVD GRAPHENE VALUE CREATION

e  Continuous Atom-Thin Layering (Sheet resistance: 50-500 (1/sq) |



e  Extreme Thermal Conductivity (3,000 - 5,000 W/m-K)
e  High Carrier Mobility (>10,000 cm?/V-s) |
I

\'

CORE DEFENSE PLATFORM CAPABILITIES

Stealth RAM / Multi-Spectral Coatings (NGAD, B-21 Raider, F-35)

Electro-Thermal De-Icing & Anti-Icing (Wing Leading Edges, Engine Cowls)
Composite Lightning Strike Protection (Replacing Heavy Metallic Copper Mesh) |
Avionics / AESA Radar Heat Dissipation (High-Power GaN Thermal Management) |
Ultra-Broadband EO/IR & RF Sensors (Focal Plane Arrays, Quantum Detectors)
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### Key Investment Drivers:

1. **Electrification & Weight Reduction:** Defense OEMs are eliminating heavy
pneumatic bleed-air de-icing and copper mesh lightning strike protection
(LSP) to reduce structural weight by **15-30%**, directly increasing UAV
payload capacity and fighter flight range [Collins Aerospace, 2023; Boeing
HorizonX, 2024].

2. **Thermal Emergency in Electronics & Hypersonics:** High-density GaN-based
AESA radars and hypersonic guidance packages generate localized heat fluxes
exceeding $1,000\text{ W/cm}~2$. CVD graphene thermal interface spreaders
($3,000-5,000\text{ W/m}\cdot\text{K}$) represent one of the few physical
solutions capable of preventing junction thermal breakdown [Raytheon
Research, 2023].

3. **Next-Generation Stealth & Smart Skins:** Next-Generation Air Dominance
(NGAD) and Tempest 6th-gen platforms require active, tunable radar absorbing
materials (RAM) across RF and infrared spectrums, which continuous CVD films
provide [BAE Systems FAST Labs, 2024; Lockheed Martin Skunk Works, 2024].

## 2. Technical & Commercial Maturation Pipeline (TRL Analysis)

CVD graphene manufacturing is progressing along three primary production form
factors:

1. **Roll-to-Roll (R2R) CVD on Metal Foils (Copper/Nickel) with Polymer-
Assisted Transfer:** Enables flexible, large-area sheets ($m"2$ scale) for
de-icing, lightning protection, and composite skins. Commercial maturity:
¥*TRL 5-7**,

2. **Transfer-Free / Direct CVD Growth on Insulating Substrates (Quartz,
Glass, Ceramics):** Eliminates structural transfer defects; tailored for
high-temperature turbine engine coatings and optical radar domes. Commercial
maturity: **TRL 4-5**,

3. **Wafer-Scale Single-Crystal CVD (200mm / 300mm Silicon/h-BN/Sapphire):**
Tailored for high-frequency RF transistors, spintronic logic, and focal plane
array photodetectors. Commercial maturity: **TRL 3-5**,



COMMERCIAL MATURITY & TRL PIPELINE

Application Domain TRL Level Key Engineering Hurdle |

Electro-Thermal Anti-Icing / De-Icing TRL 6-7 R2R Transfer Lamination Avionics TIM &
Thermal Spreaders TRL 5-6 Interfacial Thermal Impedance| Composite Lightning Protection
(LSP) TRL 5-6 CFRP Co-Curing & Galvanics | Stealth Radar Absorbing Surfaces (RAM) TRL 4-
5 Multi-Spectral Impedance Match Optoelectronic & IR Sensor Wafers TRL 3-5 Wafer-Scale
Transfer Defects |

## 3. In-Depth Corporate Venture Arms, Funding Vehicles & Contact Targets

To scale CVD graphene technology, developing ventures can leverage dual-track
funding strategies: **Corporate Venture Capital (CVC) equity** combined with
**non-dilutive DoD matching programs**.

—_— ++ + | CORPORATE VC EQUITY (CVC) |

| NON-DILUTIVE DEFENSE MATCHING | + -+ +

——-+ | - Lockheed Martin Ventures | | - AFWERX / SpaceWERX STRATFI | | - RTX
Ventures ($100M Fund) | <———->| (1:1 to 2:1 CVC Matching) | | - AEI HorizonX (Boeing)
| Synergistic | - DIU Commercial Solutions (CSO) | | - Airbus Ventures ($150M) | Leverage | -
DARPA MTO / DSO Contracts | | - Safran Corporate Ventures | | - Defense Production Act
Title3 | +——"———————- + + +

### In-Depth Profile Breakdown:

#### 1. Lockheed Martin Corporation

- **Venture Arm:** **Lockheed Martin Ventures (LMV)** [Lockheed Martin
Ventures, 2024].

- **¥AUM & Ticket Size:** $400M+ total allocation; initial check sizes **$1M-
$1oM** (Series A-B).

- **Investment Focus Areas:** Hypersonics, 2D advanced materials, electronic
warfare thermal management, stealth skins, autonomous sensors.

- **Matching & Co-Development Programs:** Skunk Works Advanced Development
Programs subcontracts; DARPA MTO pass-through funding; DoD STRATFI 1:1
matching.

- **Adoption Possibility & TRL:** High (TRL 4-5).

- **Annual Quantity Metric:** **15,000-25,000 $m~2$/year** (Stealth/EMI/De-
Icing); **2,000-4,000 8-inch wafers/year** (Sensors/RF).



- **Website & Contacts:** [https://www.lockheedmartin.com/en-us/who-we-
are/ventures.html] (https://www.lockheedmartin.com/en-us/who-we-
are/ventures.html)

*Key Contact:* Chris Moran (VP & GM, Lockheed Martin Ventures) | *Email:*
“ventures@lmco.com’

#i## 2. RTX Corporation (Raytheon / Collins Aerospace / Pratt & Whitney)
- **Venture Arm:** **RTX Ventures** [RTX Ventures, 2024].
- **¥AUM & Ticket Size:** $100M dedicated fund; initial check sizes **$2M-
$8M**,
- **Investment Focus Areas:** Electro-thermal anti-icing (Collins Aerospace),
high-power density GaN thermal management (Raytheon), high-temperature CMC
engine coatings (Pratt & Whitney).
- **Matching & Co-Development Programs:** Collins Aerospace Applied Research
Grants; Air Force SBIR Phase III transition contracts; DIU prototype OTAs.
- **Adoption Possibility & TRL:** Very High (TRL 5-6).
- **Annual Quantity Metric:** **30,000-60,000 $m~2$/year** (De-icing/EMI);
**],000-2,500 kg/year equivalent CVD film** (TIM Spreaders).
- **Website & Contacts:** [https://www.rtx.com/rtx-
ventures](https://www.rtx.com/rtx-ventures)

*Key Contact:* Daniel Dozor (Head of RTX Ventures) | *Email:*
“rtxventures@rtx.com’

#### 3. The Boeing Company

- **Venture Arm:** **AEI HorizonX** (In strategic partnership with AE

Industrial Partners) [Boeing HorizonX, 2024].

- **AUM & Ticket Size:** Multi-stage growth capital; check sizes **$2M-

$1oM**,

- **Investment Focus Areas:** Advanced composite airframe materials, weight-

reduction technologies, lightning strike protection (LSP), structural health

monitoring.

- **Matching & Co-Development Programs:** Boeing Phantom Works Open

Innovation grants; FAA commercial airworthiness certification testbed co-

funding.

- **Adoption Possibility & TRL:** High (TRL 4-5).

- **Annual Quantity Metric:** **50,000-120,000 $m~2%$/year** (LSP/Composites);

**5,000-10,000 meters/year** (SHM Sensor Tapes).

- **jebsite & Contacts:** [https://aeihorizonx.com](https://aeihorizonx.com)
*Key Contact:* AEI HorizonX Investment Committee | Boeing Innovation Portal

#### 4. Northrop Grumman Corporation

- **Venture Arm:** **Northrop Grumman Corporate Technology / Strategic
Ventures** [Northrop Grumman, 2024].

- **AUM & Ticket Size:** Balance-sheet corporate investments & venture
syndication; **$2M-$7M**,

- **Investment Focus Areas:** Multi-spectral stealth RAM skins (B-21 Raider),
deployable space radiators, ultra-high-frequency RF electronics.

- **Matching & Co-Development Programs:** Air Force Research Laboratory
(AFRL) prime contractor pass-throughs; Space Development Agency (SDA)
subcontracts.



- **Adoption Possibility & TRL:** High (TRL 4-6).
- **Annual Quantity Metric:** **12,000-28,000 $m~2$/year** (RAM/Space);
**) 500 8-inch wafers/year** (RF/Optoelectronics).
- **Website & Contacts:**
[https://www.northropgrumman.com/suppliers](https://www.northropgrumman.com/s
uppliers)

*Key Contact:* Strategic Supplier Innovation Office / CTO Division

#### 5. BAE Systems plc
- **Venture Arm:** **BAE Systems Ventures / FAST Labs Innovation Fund** [BAE
Systems FAST Labs, 2024].
- **¥AUM & Ticket Size:** Direct corporate R& funds and venture capital;
**kEIM-$5M** |
- **Investment Focus Areas:** Tempest 6th-gen smart skins, structural energy
storage supercapacitors, pilot helmet displays.
- **Matching & Co-Development Programs:** UK Defense and Security Accelerator
(DASA) grants; US DoD Defense Innovation Unit (DIU) CSOs.
- **Adoption Possibility & TRL:** High (TRL 4-5).
- **Annual Quantity Metric:** **10,000-20,000 $m~2$/year** (Smart Skins);
**1,500-3,000 $m~2$/year** (Optical Films).
- **Website & Contacts:** [https://www.baesystems.com/fast-
labs](https://www.baesystems.com/fast-1labs)

*Key Contact:* FAST Labs Lead Innovation Architect | BAE Systems Corporate
Ventures

#### 6. Airbus SE
- **Venture Arm:** **Airbus Ventures** [Airbus Ventures, 2025].
- ¥*AUM & Ticket Size:** $150M+ independently managed VC fund; check sizes
**EIM-$5M** |
- **Tnvestment Focus Areas:** Rotorcraft electro-thermal de-icing, composite
lightning protection, thermoelectric space power generation.
- **Matching & Co-Development Programs:** European Defense Fund (EDF) multi-
nation grants; Airbus BizlLab acceleration programs.
- **Adoption Possibility & TRL:** High (TRL 5-6).
- **Annual Quantity Metric:** **40,000-90,000 $m~2$/year** (De-icing/LSP
across commercial & defense).
- **Website & Contacts:**
[https://www.airbusventures.vc] (https://www.airbusventures.vc)

*Key Contact:* Thomas d'Halluin (Managing Partner) | *Email:*
“info@airbusventures.vc’

#### 7. Safran S.A.

- **Venture Arm:** **Safran Corporate Ventures** [Safran Corporate Ventures,
2024].

- *¥AUM & Ticket Size:** €80M dedicated fund; check sizes **$1IM-$4M**,

- **Tnvestment Focus Areas:** High-temperature CMC coatings
($>1,000"\circ\text{C}$), lightweight wiring harness EMI shielding.

- **Matching & Co-Development Programs:** French DGA (Direction générale de
1'armement) innovation grants; Safran Tech co-development agreements.

- **Adoption Possibility & TRL:** Medium (TRL 3-5).



- **Annual Quantity Metric:** **5;000-15,000 $m~2%$/year** (CMC
Barrier/Harness Films).
- **Website & Contacts:** [https://www.safran-group.com/innovation/safran-
corporate-ventures](https://www.safran-group.com/innovation/safran-corporate-
ventures)

*Key Contact:* Florent Illat (CEO, Safran Corporate Ventures)

#i### 8. Honeywell International (Honeywell Aerospace)
- **Venture Arm:** **Honeywell Ventures** [Honeywell Ventures, 2024].
- **AUM & Ticket Size:** Corporate venture fund; check sizes **$IM-$5M**,
- **Investment Focus Areas:** Avionics Thermal Interface Materials (TIM),
uncooled IR microbolometers for night vision.
- **Matching & Co-Development Programs:** Honeywell Supplier Co-Development
Grants; DoD Defense Logistics Agency (DLA) readiness contracts.
- **Adoption Possibility & TRL:** High (TRL 5-6).
- **Annual Quantity Metric:** **15,000-30,000 $m~2$/year** (Avionics TIM);
**],500-3,000 8-inch wafers/year** (IR Sensors).
- **Website & Contacts:** [https://www.honeywell.com/us/en/honeywell -
ventures](https://www.honeywell.com/us/en/honeywell -ventures)

*Key Contact:* Patrick Edsparr (Managing Director, Honeywell Ventures)

#### 9. L3Harris Technologies
- **Venture Arm:** **|3Harris Ventures** [L3Harris Ventures, 2024].
- **AUM & Ticket Size:** Strategic corporate venture capital; check sizes
**¥EIM-$5M**
- **Investment Focus Areas:** Tactical C4ISR radio EMI shielding, broadband
RF/optical domes and sensor windows.
- **Matching & Co-Development Programs:** AFWERX STRATFI matching funds; SBIR
Phase III transition grants.
- **Adoption Possibility & TRL:** High (TRL 4-5).
- **Annual Quantity Metric:** **4,;000-10,000 $m~2%$/year** (RF/Optical
Coatings & EMI); **1,200 8-inch wafers/year** (Sensors).
- **Website & Contacts:**
[https://www.13harris.com/company/ventures](https://www.13harris.com/company/
ventures)

*Key Contact:* L3Harris Ventures Management Team

#### 10. U.S. DoD & NATO Non-Dilutive Capital Vehicles

- **Funding Channels:** AFWERX / SpaceWERX (STRATFI/TACFI), DIU (Defense
Innovation Unit), DARPA MTO/DSO, UK DASA, NATO Innovation Fund ($1B fund).

- **Mechanism:** Direct non-dilutive matching grants ranging from **$1.75M
(TACFI)** to **$15M (STRATFI)** requiring a 1:1 or 1:2 private venture
capital match. Enables zero-dilution scaling for pilot R2R CVD manufacturing
lines [AFWERX, 2024; DIU, 2024].

## 4. Total Addressable Market (TAM) & Annual Demand Metrics



Based on bottom-up platform production rates (F-35, B-21 Raider, NGAD, MQ-25,
Eurofighter, commercial airframes) and component retrofit cycles, the total
annual military/aerospace demand for CVD graphene is estimated below:

QUANTITATIVE TAM / SAM ESTIMATION & DEMAND METRICS (2026-2032)

Application Segment Volume Metric / Year Price / Unit SAM (M)TAM (M)

De-Icing & LSP Composite Skins 120,000 - 250,000 m? $200 - $350 / m?* $35.0M $87.5M |
Stealth RAM & EMI Shielding 60,000 - 120,000 m? $300 - $600 / m? $25.0M $72.0M |
Avionics TIM & Heat Spreaders 50,000 - 100,000 m? $150 - $300 / m?* $12.5M $30.0M |
High-Temp CMC Engine Coatings 15,000 - 35,000 m? $400 - $800 / m? $8.0M $28.0M |
Optoelectronic & IR Wafers 10,000 - 20,000 Wafers $800 - $1,800/Wafer $10.0M $36.0M |
TOTAL AGGREGATED CVD GRAPHENE AEROSPACE & DEFENSE MARKET: $90.5M SAM
$253.5M TAM

## 5. Sharper Recommendation & Investor Action Matrix

This matrix evaluates the prime contractors across five key dimensions to
guide CVC syndication, grant matching, and direct sales outreach:

SHARPER RECOMMENDATION MATRIX FOR CVD
GRAPHENE

Target Company Adoption Platform Preferred Financial Est. Annual Volume Priority
Strategic Action | Feas. (10) Synergy(10) Vehicle Type (Area / Wafers) Rating Plan |

RTX Corporation 9/10 9.5/10 RTX Ventures Equity 30,000 - 60,000 m? Tier 1 Immediate
Series A | (Collins/Raytheon) + Pilot Grant Match + 2,500 kg TIM Co-Investment |

Lockheed Martin 8.5/10 9.5/10 LMV Equity 15,000 - 25,000 m? Tier 1 JDA with Skunk |
(Skunk Works/MFC) + DARPA/AFRL CRADA + 4,000 Wafers Works + STRATFTI |

The Boeing Company 8/10 9/10 AEI HorizonX Equity 50,000 - 120,000 m? Tier 1 LSP
Flight Cert. | (Phantom Works) + Certification Match + 10,000m Sensor Tape Joint Testbed
Northrop Grumman 8/10 9/10 Subcontracts 12,000 - 28,000 m? Tier 1 B-21 RAM & Space |
+ CVC Syndication + 2,500 Wafers Radiator Proposal |

Airbus SE 8.5/10 8.5/10 Airbus VC Equity 40,000 - 90,000 m? Tier 2 Rotor De-Icing EU | +
EU Defense Fund Defense Fund Co-App|

BAE Systems 8/10 8.5/10 FAST Labs Grants 10,000 - 20,000 m? Tier 2 Tempest Smart Skin
| (FAST Labs) + DASA Matching + 3,000 m? Display UK DASA Proposal |

Honeywell 8/10 8/10 Honeywell VC Equity 15,000 - 30,000 m? Tier 2 Avionics TIM Supply]|
Aerospace + Vendor Matching + 3,000 Wafers Agreement |

L3Harris 7.5/10 8/10 L3Harris VC Equity 4,000 - 10,000 m? Tier 2 Tactical Radio EMI |
Technologies + SBIR Phase 111 + 1,200 Wafers Prototype OTA |



Safran S.A. 6.5/10 7.5/10 Safran CVC Equity 5,000 - 15,000 m? Tier 3 CMC High-Temp
Coating| + R&D Subcontract Long-Term R&D JDA |

## 6. Commercialization Roadmap, Risks & Mitigation

COMMERCIALIZATION MILESTONES & RISKS

PHASE 1: Scale-Up & Yield (Months 1-18) | - Milestone: Demonstrate 1,000mm wide Roll-
to-Roll (R2R) CVD transfer with <2% pinhole density. | - Risk: Polymeric transfer residue
degrading sheet resistance. | - Mitigation: Adopt dry/electrochemical clean transfer or
direct growth on quartz [Kong et al., 2019]. |

PHASE 2: MIL-STD & Airworthiness Qualification (Months 12-36) | - Milestone: Complete
MIL-STD-810G thermal cycling (-55°C to +150°C) and DO-160G lightning shock. | - Risk:
Galvanic corrosion between CVD graphene and aluminum fasteners in composite joints. | -
Mitigation: Apply thin insulating h-BN or non-conductive primer barrier interlayers [Liu et
al,, 2020].

PHASE 3: DoD Platform Insertion & Production Scaling (Months 30-60) | - Milestone:
Secure Phase III SBIR / DIU production contract for F-35 or MQ-25 platform insertion. | -
Risk: Supply chain ITAR restrictions and capital intensity of large CVD reactors. | -
Mitigation: Secure DPA Title III Industrial Base Expansion grants + STRATFI matching
capital. |
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## EXECUTIVE SUMMARY & INVESTMENT THESIS



### Core Thesis

Chemical Vapor Deposition (CVD) graphene is transitioning from laboratory-
stage material science to an essential hardware enabler for high-value
precision agriculture, crop protection, smart water management, and
controlled environment agriculture (CEA). While bulk graphene nanoplatelets
and reduced graphene oxide (rG0O) serve low-margin additive markets,
**monolayer CVD graphene offers an unmatched structural and electronic
moat**: single-atom thickness (0.34 nm), ultra-high charge carrier mobility
(>10,000 cm?/V-s), near-total optical transparency (>97% PAR transmission),
and high ballistic conduction.

When integrated into **Graphene Field-Effect Transistor (GFET)**
architectures, CVD graphene allows direct, label-free, sub-ppm detection of
critical agricultural analytes—nitrate ($NO_37-$), phosphate ($PO_4~{3-1}%),
potassium ($K~+$), heavy metals, organophosphate pesticides, and plant stress
phytohormones (salicylic acid, ethylene)—in real time without wet-chemistry
pre-treatment [Pumera, 2021; Paragraf, 2026]. Furthermore, single-layer
nanoporous CVD membranes enable ultra-low-energy agricultural water
desalination with water flux rates up to 100x higher than traditional
polyamide membranes [Surwade et al., 2015].

### Key Investment Catalysts

1. **Regulatory Mandates:** The European Union’s *Farm to Fork* directive
mandates a 20% reduction in fertilizer use and a 50% reduction in chemical
pesticide risk by 2030 [European Commission, 2020]. Achieving this without
crop yield loss requires continuous, real-time chemical field sensing.

2. **Transition from Optical to Molecular Field Sensing:** Precision
agriculture OEMs (John Deere, Trimble) are bottlenecked by optical vegetation
indices (NDVI), which detect nitrogen deficiencies only *after* plant
chlorosis has occurred. GFET sensors offer molecular pre-symptomatic
detection [Li et al., 2023].

3. **CVD Foundry Scalability:** Foundries such as Paragraf, General Graphene,
and Graphenea have matured roll-to-roll (R2R) and wafer-scale CVD synthesis,
driving monolayer costs down toward commercial viability ($5-$20/cm2? for GFET
dies, with long-term forecasts under $0.50/cm? at gigawatt scale) [Graphene-
Info, 2026].

## 1. TECHNICAL MOAT & BENCHMARKING ANALYSIS

To evaluate CVD graphene’s defensibility, we benchmark it against incumbent
sensing technologies and alternative carbon allotropes across key
agricultural performance metrics:

| Technology Platform | Sensitivity / Limit of Detection | Response Time |
Multi-Analyte Capacity | Durability in Soil/Water | Manufacturing Scalability
| Relative Unit Cost |



| **CVD Graphene (GFET)** | **Femtomolar to Micromolar** [1] | **< 1 second
(Real-time)** | **High (Multi-channel multiplexing)** | **High (Encapsulated
/ Fluidic)** | **High (Wafer / R2R CVD)** | **Medium ($0.50-$5.00/die)** |

| **Laser-Induced Graphene (LIG)** | Nanomolar to Millimolar [2] | 5-30
seconds | Moderate | Moderate (Substrate degradation) | Very High (Direct
Laser Writing) | Very Low ($0.05-$0.20/die) |

| **Ion-Selective Electrodes (ISE)** | Micromolar to Millimolar [3] | 1-5
minutes | Low (Single ion per electrode) | Low (Fouling & drift in 2-4 wks) |
High | Low ($5-$15/sensor) |

| **Optical / Hyperspectral** | Indirect proxy (Biomass index) | Real-time |
Low (Cannot isolate specific ion) | High (Remote/Non-contact) | High | Very
High ($5,000-$25,000/system) |

| **Wet Chemistry (HPLC / Mass Spec)**| Picomolar [4] | Days to Weeks (Lab
turn) | Very High | N/A (Off-site laboratory) | Low | Extremely High ($50-
$200/sample) |

*Takeaway:* CVD graphene GFETs provide the only platform combining **sub-ppm
ionic selectivity, sub-second response times, and multi-analyte
multiplexing** in a solid-state chip compatible with autonomous farm
equipment and IoT field nodes [Pumera, 2021; Azzaoui et al., 2022].

## 2. TARGET CORPORATE FUNDING PROGRAMS & CVC VENTURE ARMS

Commercializing CVD graphene from TRL 4 (Lab Proof-of-Concept) to TRL 8 (OEM
Assembly Integration) requires strategic capital. Below is an institutional
mapping of dedicated corporate venture capital (CVC) funds, check sizes,
focus areas, key decision-makers, and grant entry points:

#i## 1. Leaps by Bayer (Bayer AG)

* ¥*¥AUM / Check Size:** ~$1.5B global impact capital fund; initial checks
range from **$5M to $20M** (Series A through C).

* *¥*AgTech Strategic Mandate:** "Paradigm Shift #3: Reduce the Environmental
Impact of Agriculture by 50%." Focuses on biologicals, digital farming, and
real-time diagnostic hardware [Leaps by Bayer, 2025].

* *¥*Application Pathway:** Direct pitch to Leaps investment directors; co-
investment via Bayer Trendlines Agtech Incubator for seed-stage ($500k-
$1.5M).

* **Tapget Contact:** ~leaps@bayer.com™ | Head of AgTech Investments, Monheim
/ St. Louis.

* **Fjit for CVD Graphene:** Integration of GFET soil microbiome and disease-
marker chips directly into the Climate FieldView platform.

### 2. Syngenta Ventures & Syngenta Open Innovation

* ¥*AUM / Check Size:** Lead/co-investor in global agtech; typical tickets
**¢2M to $1OM** per round.

* **AgTech Strategic Mandate:** Early disease detection, digital agronomy,
sustainable crop protection enablement, and biological performance tracking



[Syngenta, 2025].

* *¥*Grant & Non-Dilutive Track:** **Syngenta Thoughtseed & Open Innovation
Grants** ($50,000 to $250,000 non-dilutive research validation grants for
custom biosensor bio-functionalization).

* **Tapget Contact:** “venture.capital@syngenta.com™ | Syngenta Ventures
Team, Basel / RTP.

* **Fit for CVD Graphene:** Point-of-use microfluidic diagnostic strips for
fungal spores (*Botrytis*, *Rust*) and on-leaf stress sensors.

### 3. Yara Growth Ventures (Yara International ASA)

* *¥*AUM / Check Size:** Active corporate fund targeting venture-stage
startups; tickets **$1M to $5M**,

* **AgTech Strategic Mandate:** Nitrogen efficiency, soil health monitoring,
decarbonized fertilizer delivery, and digital nutrient management [Yara,
2025].

* **Commercial Support:** Pair VC funding with strategic **Offtake
Agreements** and distribution across Yara’s network covering 60+ countries.
* **Tapget Contact:** ~growthventures@yara.com™ | Managing Directors, Oslo,
Norway.

* *¥*Ejit for CVD Graphene:** Continuous in-soil nitrate GFET probes to power
Yara’s variable-rate fertigation algorithms.

### 4. John Deere Ventures (Deere & Company)

* **AUM / Check Size:** Strategic balance sheet investments; tickets **$3M to
$15M**

* *¥*AgTech Strategic Mandate:** Autonomous hardware, edge sensing, smart
application systems (See & Spray), and connected field infrastructure [John
Deere, 2025].

* **Integration Mechanism:** Joint Development Agreements (JDA) with John
Deere Intelligent Solutions Group (ISG) in Urbandale, IA.

* **Taprget Contact:** ~ventures@deere.com™ | Director of Strategic
Investments, Moline, IL.

* **Ejt for CVD Graphene:** Planter row-unit seed-bed chemical sensors and
real-time sprayer boom chemical drift monitoring nodes.

### 5. Orbia Ventures (Orbia / Netafim)

* **AUM / Check Size:** $56M dedicated corporate fund; initial check size
**$IM to $8M**,

* **AgTech Strategic Mandate:** Precision irrigation, smart water management,
advanced filtration materials, and circular economy [Orbia, 2025].

* *¥*pjlot Support:** Direct access to Netafim’s global drip irrigation test
sites in Israel, Latin America, and US Southwest.

* **Tapget Contact:** “ventures@orbia.com™ | Orbia Ventures Fund Manager,
Boston / Tel Aviv.

* **Fit for CVD Graphene:** Single-layer nanoporous CVD graphene
desalination/filtration membranes and inline irrigation water quality GFET
monitors.

### 6. Trimble Ventures (Trimble Inc. / PTx Trimble)



* ¥*¥AUM / Check Size:** Strategic technology fund; check size **$1M to $5M**.
* **AgTech Strategic Mandate:** Autonomy, GNSS guidance, edge IoT sensors,
and connected agronomy platforms [Trimble, 2025].

* **Taprget Contact:** “trimble ventures@trimble.com™ | Managing Director,
Westminster, CO.

* *¥*Eit for CVD Graphene:** Handheld multi-analyte soil testing probes for
agronomists and automated soil sampling robot integration.

### 7. Non-Dilutive Institutional Grant Pathways

* **Eyropean Innovation Council (EIC Accelerator / Horizon Europe):** Grants
up to **€2.5M** plus up to **€15M** direct equity via the EIC Fund for deep-
tech hardware (Graphene Flagship continuity track) [European Commission,
2025].

* **JSDA NIFA SBIR/STTR Program:** Phase I ($175,000) and Phase II ($600,000)
dedicated to "Plant Production and Protection" and "Water Resources" advanced
sensor tech [USDA, 2025].

* **US NSF SBIR / ARPA-E:** Advanced Materials & Sensor Hardware track (up to
**¢2 .0M** non-dilutive capital).

## 3. QUANTITATIVE DEMAND FORECAST & UNIT ECONOMICS (2026-2030)

### Metric Framework

Quantifying CVD graphene demand requires evaluating two distinct material
forms:

1. **Electronic Grade Monolayer Film ($m~2$ or GFET Die Units):** Used for
micro-fabricated biosensor chips (die size: ~@.2 cm? to 2.0 cm?).

2. **Nanoporous / Transparent Conductive Roll Film ($m~2$):** Used for water
filtration membranes and CEA greenhouse glass coatings.

### 5-Year Global AgTech CVD Graphene Demand & ASP Projection

| Projection Year | GFET Sensor Dies (Units/yr) | GFET Film Area ($m”2$/yr) |
Nanoporous Water Membrane ($m~2$/yr) | CEA Agrivoltaic Film ($m~2%$/yr) |
Blended GFET ASP ($/die) | Estimated Market Revenue ($M USD) |
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| *%2026 (Pilots)** | 850,000 | 17.0 $m*2$ | 2,500 $m*2$ | 5,000 $m 2% |
$4.50 | $7.8M |

| **2027 (Early Commercial)**| 3,200,000 | 64.0 $m~2$ | 8,000 $m"2$ | 18,000
$mr2$ | $3.20 | $21.4M |

| **2028 (Ramp)** | 12,500,000 | 250.0 $m~2$ | 25,000 $m~2$ | 60,000 $m 2% |
$2.10 | $58.2M |

| *%2029 (Scale)** | 38,000,000 | 760.0 $m~2$ | 75,000 $m*2$ | 180,000 $m~2%
| $1.25 | $132.5M |

| *%2030 (Mainstream)** | 110,000,000 | 2,200.0 $m 2% | 220,000 $m~2$ |
500,000 $m"2% | $0.75 | $315.eM |

#i#t#t Company-Level Annual CVD Graphene Demand Breakdown (Steady State at 2028-



2030)

| Corporate Target | Core Application | Unit / Metric Breakdown | Annual CVD
Graphene Area Needed | Estimated Annual Hardware Contract Value |
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| **John Deere** | Smart Planter & Sprayer GFET Arrays | 1,000,000 smart
row/sprayer nodes @ 2.0 cm? array | **200 m2 / year** (GFET Monolayer) |
$15.0M - $25.0M |

| **Syngenta Group** | Diagnostic Cassettes & Leaf Sensors | 20,000,000
single-use test dies @ 0.2 cm? die | **400 m2 / year** (GFET Monolayer) |
$20.0M - $35.0M |

| **Yara International**| In-Soil & Fertigation NPK Probes | 1,500,000 soil
probe chips @ 1.0 cm? chip | **150 m2 / year** (GFET Monolayer) | $10.0M -
$18.0M |

| **Bayer Crop Science**| Climate FieldView Pathogen Chips | 20,000,000
diagnostic dies @ ©.2 cm? die | **400 m2 / year** (GFET Monolayer) | $20.0M -
$30.0M |

| **Orbia (Netafim)** | Nanoporous Desalination Membrane | 10,000 m?2
nanoporous R2R membrane film | **10,000 m2 / year** (Membrane) | $12.0M -
$20.0M |

| **Trimble Ag** | Handheld & Robotic Soil Testers | 1,000,000 probe chips @
1.0 cm? chip | **100 m2 / year** (GFET Monolayer) | $6.0M - $10.0M |

| **Kubota Corp** | Autonomous Orchard VOC Sensors | 800,000 robot sensor
chips @ 1.0 cm? chip | **80 m2 / year** (GFET Monolayer) | $5.0M - $8.eM |

| **Priva / Ridder** | CEA Greenhouse Agrivoltaic Coatings| 25,000 m? R2R
transparent conductive film | **25,000 m2 / year** (R2R TCF) | $15.0M -
$25.0M |

## 4. SHARPER RECOMMENDATION MATRIX (INSTITUTIONAL RISK-ADJUSTED SCORING)

To prioritize commercial outreach, licensing partnerships, and CVC co-
investment pitches, we score target companies using a weighted multi-variable
matrix:

### Evaluation Criteria & Weighting:

1. **Strategic Fit & Urgency (25%):** Alignment with core business model and
regulatory pressure (e.g., EU Farm to Fork).

2. **Technical Adoption Readiness / TRL Match (20%):** Internal R&D capacity
to integrate GFET silicon/glass modules.

3. **Balance Sheet & Venture Capital Availability (20%):** Dedicated fund
size, check size flexibility, and follow-on capacity.

4. **Time to Commercial Revenue Realization (20%):** Speed of field trial
validation and product deployment cycle.

5. **Regulatory & Macro Alignment (15%):** Tailwinds from water scarcity,
carbon credits, and environmental ESG compliance.

### Prioritized Corporate Partner Scoring Matrix



| Company Name | Strategic Fit (25%) | Adoption Readiness (20%) | CVC Capital
(20%) | Time to Revenue (20%) | Macro Tailwinds (15%) | Composite Score
(/100) | Priority Ranking & Action Recommendation |
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| **Yara International** | 95 | 85 | 85 | 9@ | 95 | **89.5%* | **TIER 1
(IMMEDIATE TARGET):** Pursue CVC investment + NPK sensor off-take agreement.
Shortest path to revenue. |

| **Syngenta Group** | 90 | 90 | 90 | 85 | 90 | **89.@** | **TIER 1
(IMMEDIATE TARGET):** Apply for Syngenta Open Innovation grant + Series A
pitch to Syngenta Ventures. |

| **Bayer Crop Science** | 90 | 85 | 95 | 80 | 9@ | **87.5%* | **TIER 1
(IMMEDIATE TARGET):** Pitch Leaps by Bayer for lead institutional check ($5M-
$15M) for Climate FieldView integration. |

| **John Deere** | 95 | 80 | 90 | 75 | 85 | **85.5%* | **TIER 2 (STRATEGIC
OEM) : ** Structure Joint Development Agreement (JDA) with ISG; pitch John
Deere Ventures. |

| **Orbia (Netafim)** | 85 | 75 | 80 | 70 | 95 | **80.@** | **TIER 2
(MEMBRANE PARTNER):** Co-develop pilot nanoporous filtration units with Orbia
Ventures funding. |

| **Trimble Ag** | 80 | 80 | 75 | 80 | 80 | **79.@%** | **TIER 2 (HARDWARE
OEM) :** Pitch Trimble Ventures for handheld agronomy module distribution. |

| **Priva / Ridder** | 85 | 70 | 65 | 80 | 85 | **77.@%* | **TIER 3 (CEA
CONSORTIUM):** Joint Horizon Europe grant application for greenhouse
agrivoltaic coatings. |

| **Kubota Corp** | 75 | 70 | 75 | 65 | 80 | **72.5%* | **TIER 3 (LONG-TERM
AGV):** Pursue Kubota CVC for specialized vineyard robotics pilots. |

## 5. INVESTMENT ROADMAP & ACTIONABLE NEXT STEPS

### Phase 1: Capital Alignment & Seed/Grant Funding (Months 1-6)

* **Action 1:** Secure non-dilutive foundation via USDA NIFA SBIR Phase I
($175k) or EIC Accelerator (€2.5M) focusing on multi-analyte NPK GFET bio-
functionalization [USDA, 2025; European Commission, 2025].

* **Action 2:** Initiate formal outreach to **Syngenta Open Innovation** and
**Yara Growth Ventures** for sensor functionalization validation protocols.

#i## Phase 2: Pilot Validation & Series A VC Co-Investment (Months 7-18)

* *¥*¥Action 1:** Syndicate a **$5M to $16M Series A round** co-led by **Leaps
by Bayer** and **John Deere Ventures** to fund cleanroom GFET packaging
automation and field trial deployment.

* *¥*Action 2:** Deliver 1,000 multi-channel GFET sensor probe prototypes to
Yara and Syngenta for side-by-side field testing against traditional HPLC wet
chemistry.

### Phase 3: OEM Integration & Commercial Scaling (Months 19-36)
* *¥*Action 1:** Lock in 3-year commercial supply contracts with John Deere



(planter/sprayer options) and Yara (digital fertigation subscription bundle).
* *¥*Action 2:** Transition from foundry wafer sourcing to dedicated R2R CVD
reactor procurement (e.g., Paragraf / Aixtron systems) to drive GFET die cost
below $0.75/unit at scale.
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## 1. Executive Summary & Core Investment Thesis

Chemical Vapor Deposition (CVD) graphene is transitioning from laboratory
validation to an essential functional material across the global automotive
ecosystem [1, 2]. As automotive Original Equipment Manufacturers (OEMs), Tier
1 systems integrators, and semiconductor IDMs execute multi-billion-dollar
commitments toward vehicle electrification, Level 2+ to Level 4 autonomous
driving, hydrogen fuel cell propulsion, and smart cockpit user interfaces,
legacy material physics limits performance [3, 4].

While bulk Graphene Nanoplatelets (GNPs) and Graphene Oxide (GO) are low-
margin, micro-powder additives used primarily for resin mechanical
reinforcement ($15-$50/kg) [5], **roll-to-roll (R2R) single-layer and few-
layer CVD graphene sheets and wafers** represent high-margin ($100-$300/m"2$
early commercial, scaling to $15-$25/m”2$ in automotive volumes), high-moat
functional surface products [6, 7]. Continuous CVD graphene delivers a unique
combination of physical properties:

* *¥*High Optical Transparency ($>90-97.7\%$% per monolayer) & Flexible
Heating:** Delivers uniform electro-thermal power ($0.2-1.5 \text{ W/cm}"2%)
for rapid, line-of-sight sensor de-icing (LiDAR, radar radomes, cameras) and
smart windshield defogging without visible micro-wires [8, 9].

* **Unmatched In-Plane Thermal Conductivity ($3,000-5,000 \text{
W/m}\cdot\text{K}$):** Dissipates localized power electronics hot spots in
high-voltage Silicon Carbide (SiC) traction inverters, reducing junction
thermal resistance by **30-50%** [10, 11].

* **High Electrical Mobility ($>10,000-200,000 \text{
cm}~2/\text{V}\cdot\text{s}$) & GFET Sensing:** Enables Field-Effect
Transistor (GFET) sensor chips for sub-ppm cabin air quality monitoring,
early battery off-gas thermal runaway detection, and SWIR LiDAR



photodetectors [12, 13].

* **Zero Gas Permeability & Acidic Corrosion Barrier:** Acts as an atomic
quantum barrier preventing hydrogen gas micro-leakage and protecting metallic
fuel cell bipolar plates in acidic environments ($pH \ 2-3%) [14, 15].

AUTOMOTIVE CVD GRAPHENE MARKET MAP

— + | TOTAL ADDRESSABLE MARKET
(TAM) | | Global Automotive Advanced Functional Coatings (~$3.8B) | +

SERVICEABLE ADDRESSABLE MARKET (SAM) | | Smart Glass Heaters, ADAS Sensors, SiC
Inverters, FCEV Plates | | (~12,000,000 - 20,000,000 m?/yr | $360M-$700M) | +—————

———+ | SERVICEABLE OBTAINABLE MARKET (SOM) | | Early-Mover Scale-Up Capture
across Top Tier 1s & OEMs (15-20%)| | (~2,500,000 m?/yr | $75M-$130M) | +—————

+

### Key Investment Highlights:

1. **Serviceable Addressable Market (SAM):** Total annual automotive demand
for CVD graphene films and wafer coatings is projected at **12,000,000 to
20,000,000 $m~2$ per year** by 2032, representing an annual raw material
market of **$360M to $700M**, expanding to **$1.5B-$2.8B** when integrated
into qualified automotive sub-modules (sensor covers, smart glass, inverter
heat spreaders, bipolar plates) [3, 16].

2. **Sticky Enterprise Value & High Qualification Barriers:** Automotive IATF
16949, ISO 26262 functional safety, AEC-Q100/Q200, and UN ECE Regulation 157
certifications create a 3-to-5-year qualification moat [17, 18]. Once
qualified on an OEM production platform (e.g., BMW i-Series, GM Ultium,
Toyota HTWO, Tesla FSD suite), a supplier locks in 7-to-10-year recurring
production revenue with high switching costs.

3. **Non-Dilutive Capital Leverage (1:2 to 1:4):** Early-stage CVD graphene
scale-ups can leverage private venture capital with substantial non-dilutive
government and corporate R&D grants via programs like the US DOE Vehicle
Technologies Office, EU Horizon Europe / Graphene Flagship, German BMBF,
Japanese NEDO, and corporate open innovation grants [19, 20].

## 2. Market Sizing, Volume Drivers, and Regulatory Catalysts

### 2.1 Vehicle Production Volumes & Per-Unit Consumption Logic

Automotive adoption is driven by mass-production platform volume dynamics:

* **Electric Light Vehicles (EVs):** Global EV output scaling to $>25,000,000
\text{ units/year}$ by 2030 [21]. Material sizing: ADAS camera/LiDAR/radar
window heaters ($0.2-0.5 \text{ m}~2/\text{vehicle}$); smart
windshields/panoramic roofs ($1.2-2.0 \text{ m}~2/\text{vehicle}$); SiC
inverter thermal spreaders ($0.05-0.10 \text{ m}~2/\text{vehicle}$) [8, 10].
* **Hydrogen Fuel Cell Vehicles (FCEVs):** Commercial trucks, buses, and



passenger fleets reaching $\sim 150,000 \text{ units/year}$ by 2030 [22].
Material sizing: Metallic PEMFC bipolar plates ($25-30 \text{
m}~2/\text{vehicle stack}$) [14, 15].

* **Autonomous Shuttles & Level 3/4 Robotaxis:** Scaling to $>1,000,000
\text{ operational units}$ globally by 2032 [23]. Critical driver: Mandatory
all-weather sensor availability forces 100% adoption of optical-grade sensor
de-icing ($90.4-0.8 \text{ m}~2/\text{vehicle}$) [9, 17].

* **Automotive Semiconductors & GFET Sensors:** Automotive MEMS and sensor
shipments exceeding 8 billion units annually [24]. GFET cabin gas sensors and
battery off-gas monitoring requiring $50,000-100,000 \text{ 200mm CVD wafer
starts/year}$ [12, 13].

### 2.2 Primary Regulatory Catalysts

REGULATORY DRIVE TO COMMERCIALIZATION

—_ r—_ + | UN ECE Regulation 157 | | EU
Euro 7 & Cabin Air Standards | | Mandatory All-Weather ADAS Safety| | In-Cabin Air Quality
& VOC Monitoring| +—Hmm™M@M@——————- ++ +| |+

-+ ——+|V+

—+ | MANDATED AUTOMOTIVE ADOPTION OF CVD GRAPHENE | | * Line-of-sight
transparent heaters for optical LiDAR/camera de-icing | | * Ultra-sensitive GFET gas
sensors for cabin air & battery off-gas monitoring | | * Zero-emission PEMFC bipolar plate
anti-corrosion barrier coatings | +
—t

1. **UN ECE Regulation 157 (Automated Lane Keeping Systems - ALKS):**
Mandates that Level 3 autonomous driving systems remain fully functional
under adverse environmental conditions (fog, ice, snow) [17]. Conventional
heating wires cause optical diffraction that invalidates ALKS certification,
forcing Tier 1s to adopt wire-free CVD graphene transparent heaters.

2. **EU Euro 7 & Cabin Air Quality Regulations:** Enforces strict limits on
in-cabin volatile organic compounds (VOCs), $CO 2$, and particulate levels,
alongside requiring early-warning thermal runaway sensors in EV battery packs
[12, 25].

3. **U.S. Inflation Reduction Act (IRA) & EU Critical Raw Materials Act:**
Drives automakers to replace imported critical materials (such as Indium in
ITO transparent conductive films, 70% of which is refined in China) with
domestically synthesized carbon-based CVD films [26].

## 3. Deep-Dive Corporate Venture Arms & Funding Ecosystems

To successfully commercialize CVD graphene technology, startup founders and
investment committees must leverage specific corporate venture capital (CVC)
funds, venture client programs, and open innovation platforms across the
automotive ecosystem.



AUTOMOTIVE CVC & FUNDING ARCHITECTURE
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T ++ — —— -+ | DIRECT EQUITY CVC ARMS | |

VENTURE CLIENT / GRANTS | | * BMW i Ventures ($300M+) | | ¥ BMW Startup Garage (No
Equity) | * GM Ventures ($300M+) | | * StartUp Autobahn (Plug&Play)| | * Toyota Ventures
($800M+) | | * Hyundai CRADLE Grants | | * Bosch Ventures (€500M+) | | * Continental Co-
Pace PoC | | * Stellantis Ventures (€300M) | | * Saint-Gobain NOVA Grants | +——————

### 3.1 BMW i Ventures & BMW Startup Garage

* **Funding Arm Overview:** BMW operates a dual-track innovation model: **BMW
i Ventures** (a $300M+ CVC fund based in Mountain View and Munich) and **BMW
Startup Garage** (a specialized Venture Client organization) [27].

* **Tnvestment Criteria & Ticket Size:**

* *BMW i Ventures:* Equity investments in Series A/B rounds, ticket sizes
**$IM to $1OM**, taking minority stakes with board observer seats.

* *BMW Startup Garage:* **No equity taken.** Buys the startup’s technology
as a "venture client," co-funding pilot integration projects ($100k-$500k
non-dilutive grant equivalents) to validate components for series production
[27].

* **CVD Focus Area:** Panoramic smart glass roofs, transparent windshield
defogging, and fuel cell bipolar plate nanocoatings.

* **Target Contacts:** Managing Director, BMW i Ventures; Head of BMW Startup
Garage (  startupgarage@bmwgroup.com ).

### 3.2 GM Ventures

* *¥*Funding Arm Overview:** GM Ventures is the corporate venture capital arm
of General Motors, managing a $300M+ revolving fund dedicated to advanced
propulsion, battery technology, autonomous driving, and advanced
manufacturing materials [28].

* *¥*Tnvestment Criteria & Ticket Size:** Direct equity investments in Seed
through Series B rounds (**$2M to $15M**), often accompanied by Joint
Development Agreements (JDAs) and access to GM’s Warren Technical Center and
Ultium manufacturing teams [28].

* **CVD Focus Area:** Cruise AV 360° sensor dome transparent heaters, Ultium
SiC inverter thermal spreaders, and battery off-gas GFET safety sensors.

* **Target Contacts:** Managing Director, GM Ventures (" gm.ventures@gm.com ).

### 3.3 Toyota Ventures
* **Fynding Arm Overview:** Toyota Ventures manages $>800M \text{ AUM}$



across its Frontier Fund and Climate Fund, investing in early-stage deep-
tech, advanced carbon materials, hydrogen technologies, and autonomous
mobility [29].

* **Investment Criteria & Ticket Size:** Equity investments in Seed and
Series A rounds (**$1M to $5M** initial check size, with follow-on reserves
up to $1eM) [29].

* *¥*CVD Focus Area:** Hydrogen PEMFC bipolar plate anti-corrosion barrier
coatings (HTWO division), Lexus sensor de-icing, and power module thermal
management.

* **Target Contacts:** Founding Managing Director, Toyota Ventures

(" info@toyota.ventures™).

### 3.4 Bosch Ventures (Robert Bosch Venture Capital GmbH - RBVC)

* **Funding Arm Overview:** RBVC is one of Europe’s largest corporate venture
funds, managing $>€500M$ across multiple fund generations. Invests globally
in deep-tech, semiconductor, and sensor material scale-ups [30].

* **Tnvestment Criteria & Ticket Size:** Lead or co-investor in Series A, B,
and C rounds, check sizes **€2M to €25M** per company. Offers deep
integration with Bosch’s global Tier 1 manufacturing network [30].

* *¥*CVD Focus Area:** Wafer-scale GFET sensor chips for cabin air quality and
battery thermal runaway; power electronics thermal management; radar/LiDAR
radome heaters.

* **Target Contacts:** Managing Director, Robert Bosch Venture Capital GmbH
(" rbvc@bosch.com™ ).

### 3.5 Stellantis Ventures

* **Funding Arm Overview:** Stellantis Ventures was established with an
initial capital fund of €300M to back early-to-growth stage automotive
startups advancing electrification, user experience, and sustainable
materials [31].

* **Tnvestment Criteria & Ticket Size:** Minority equity investments (**€2M
to €12M**), paired with rapid adoption pathways across Stellantis’s 14
vehicle brands [31].

* *¥*CVD Focus Area:** Cockpit display flexible conductive surfaces, low-
voltage windshield defrosting, and STLA platform EV thermal management.
* **Target Contacts:** Head of Stellantis Ventures

(" stellantisventures@stellantis.com™).

### 3.6 Hyundai CRADLE

* **Funding Arm Overview:** Hyundai CRADLE (Center for Robotic-Augmented
Design in Living Experiences) operates open innovation hubs in Silicon
Valley, Berlin, Tel Aviv, Seoul, and Beijing [32].

* **Tnvestment Criteria & Ticket Size:** Seed to Series B equity investments
(**$500k to $5M**), combined with non-dilutive pilot project grants and
direct access to Hyundai/Kia R&D centers [32].

* **CVD Focus Area:** HTWO hydrogen fuel cell bipolar plate nanocoatings,
Motional robotaxis LiDAR/camera transparent heaters, and GFET safety sensors.
* **Target Contacts:** Head of Hyundai CRADLE Silicon Valley

(" contact@cradleinc.com’).



### 3.7 Mercedes-Benz Ecosystem & StartUp Autobahn

* **Funding Arm Overview:** Mercedes-Benz Group drives innovation via
**Mercedes-Benz Tech Ventures** and **StartUp Autobahn** (Europe’s largest
open innovation platform, co-powered by Plug and Play) [33].

* *¥*Tnvestment Criteria & Ticket Size:** StartUp Autobahn provides **equity-
free proof-of-concept (PoC) pilot grants ($50k-$250k)**, 100-day acceleration
programs, and direct pathways to Mercedes-Benz procurement. Mercedes-Benz
Tech Ventures provides follow-on Series A/B equity investments ($2M-$8M)
[33].

* **CVD Focus Area:** Hyperscreen transparent capacitive touch films, Drive
Pilot Level 3 LiDAR/radar heater covers, and high-density power inverter
thermal spreaders.

* **Target Contacts:** StartUp Autobahn Acceleration Team (" info@startup-
autobahn.com™ ).

### 3.8 Saint-Gobain NOVA & AGC Open Innovation

* **Funding Arm Overview:** **Saint-Gobain NOVA** is the CVC arm of Saint-
Gobain, focusing on advanced materials and high-performance glass [34]. **AGC
Open Innovation** co-funds material ventures targeting mobility and
optoelectronics [35].

* **Tnvestment Criteria & Ticket Size:** Equity checks from **$1M to $5M**,
coupled with joint R&D grants, co-development agreements, and global
distribution through Sekurit and AGC Automotive networks [34, 35].

* **CVD Focus Area:** R2R CVD graphene continuous transparent conductive
films for heated windshields and ADAS camera clear apertures.

* **Target Contacts:** Saint-Gobain NOVA Team (" nova@saint-gobain.com™); AGC
Business Development Division (" agc-innovation@agc.com™).

### 3.9 Infineon Venture Capital

* **Funding Arm Overview:** The CVC arm of Infineon Technologies AG,
dedicated to semiconductor, wide-bandgap (SiC/GaN), and advanced packaging
materials [36].

* **Tnvestment Criteria & Ticket Size:** Series A/B equity checks (**€2M to
€8M**), paired with joint semiconductor wafer co-development funding [36].
* *¥*CVD Focus Area:** Wafer-scale multi-layer CVD graphene heat spreaders
integrated directly into SiC MOSFET power modules (CoolSiC).

* **Target Contacts:** Head of Venture Capital & Material Innovation

(" startup@infineon.com™).

## 4. Sharper Recommendation & Evaluation Matrix

To provide actionable guidance for investment decisions and corporate
partnerships, the 15 target automotive companies are evaluated across a
weighted multi-factor scoring model:

1. **Strategic Fit & Alignment (15%):** Synergy with core CVD graphene
capabilities (transparent heating, GFET sensing, thermal spreading, fuel cell



barriers).

2. **Technology Readiness Level (TRL) & Feasibility Gap (20%):** Maturity of
integration pathway and clarity of technical specs.

3. **Adoption Timeline & Velocity (15%):** Speed to series production
deployment (1-3 yrs vs 3-5+ yrs).

4. **Financial Capacity & Investment Appetite (20%):** Total CVC capital,
active venture programs, and willingness to co-fund pilot tooling/NRE.

5. **Annual CVD Volume Demand Potential (15%):** Quantified $m~2$ or wafer
demand potential based on OEM/Tier 1 production volume.

6. **Target Deal Structure & Strategic Leverage (15%):** Availability of
optimal deal mechanisms (Venture Client, CVC Equity, JDA, Offtake).

### Weighted Evaluation Matrix Table

| Target Company | Strategic Fit (15%) | TRL & Feasibility (20%) | Timeline
Velocity (15%) | Financial Capacity (20%) | Volume Potential (15%) | Deal
Structure (15%) | Weighted Composite Score / 100 | Priority Tier & Action |
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| **Robert Bosch GmbH** | 95 | 90 | 90 | 98 | 92 | 95 | **93.2%* | **Tier 1
Priority** (Series A/B CVC + GFET JDA) |

| **Saint-Gobain Sekurit** | 96 | 92 | 88 | 92 | 95 | 94 | **92.7** | **Tier
1 Priority** (NOVA Equity + R2R Pilot Line) |

| **AGC Inc.** | 95 | 90 | 90 | 90 | 94 | 92 | **91.6** | **Tier 1 Priority**
(CVC Equity + Co-Development) |

| **Toyota Motor Corp.** | 92 | 88 | 85 | 98 | 96 | 90 | **91.2** | **Tier 1
Priority** (Toyota Ventures + HTWO FCEV JDA) |

| **Valeo SE** | 94 | 94 | 92 | 85 | 80 | 92 | **89.6** | **Tier 1 Priority**
(SCALA LiDAR Heater Offtake) |

| **BMW Group** | 90 | 85 | 85 | 95 | 88 | 96 | **89.6%* | **Tier 1
Priority** (BMW Startup Garage Venture Client) |

| **Mercedes-Benz** | 92 | 88 | 88 | 92 | 82 | 94 | **88.9** | **Tier 1
Priority** (StartUp Autobahn PoC + CVC) |

| **General Motors** | 88 | 82 | 82 | 95 | 85 | 90 | **86.9** | **Tier 2
Partner** (GM Ventures Equity + Ultium JDA) |

| **Hyundai Group** | 90 | 82 | 82 | 90 | 88 | 90 | **86.8*%* | **Tier 2
Partner** (CRADLE Equity + FCEV Pilot) |

| **Tesla, Inc.** | 88 | 85 | 90 | 85 | 86 | 80 | **85.5%* | **Tier 2
Partner** (Direct NRE / Offtake Contract) |

| **Continental AG** | 88 | 82 | 80 | 88 | 82 | 88 | **84.5%* | **Tier 2
Partner** (Co-Pace Pilot Grant + CVC) |

| **Denso Corp.** | 86 | 80 | 78 | 90 | 85 | 85 | **83.8%* | **Tier 2
Partner** (CVC Investment + Thermal JDA) |

| **Infineon Tech.** | 90 | 80 | 75 | 88 | 80 | 85 | **82.9** | **Tier 2
Partner** (SiC Module Co-Development) |

| **Stellantis N.V.** | 82 | 78 | 75 | 90 | 82 | 88 | **82.1*%* | **Tier 3
Partner** (Stellantis Ventures Equity) |

| **NSG Group** | 80 | 78 | 72 | 80 | 84 | 80 | **78.8** | **Tier 3 Partner**
(Smart Glass Licensing / JDA) |



## 5. Target Financial Support & Deal Structuring Options
OPTIMAL CAPITAL & DEAL STRUCTURE PIPELINE

— + | STAGE 1: NON-DILUTIVE
PILOT GRANTS & PROOF-OF-CONCEPT | | * BMW Startup Garage / StartUp Autobahn
($100k-$500k PoC Grants) | | * Government Grants (US DOE / EU Horizon Europe 1:2
Matching) | + +|v——————
-+ | STAGE 2: CORPORATE VENTURE CAPITAL
(CVC) EQUITY ROUND | | * Syndicated Series A/B ($5M-$15M Check Size) | | * Lead CVCs:

| | * Non-Recurring Engineering (NRE) Tooling Capital | | * Joint IP Co-Ownership on
Application-Specific Laminates | #-------=--m-mmmmmmm oo
|V A + | STAGE 4: ADVANCED
OFFTAKE AGREEMENT & SERIES PRODUCTION | | * Multi-Year Volume Purchase
Commitments with Tiered Pricing ($/m?) | | * Lock-in on IATF 16949 Production Lines (7-
10 Year Product Lifecycle) | + -+

### 5.1 Stage 1: Non-Dilutive Grants & Venture Client Validation

* **Structure:** Utilize venture client models (e.g., **BMW Startup Garage**)
and open innovation platforms (e.g., **StartUp Autobahn**). The corporate
partner pays for 100% of pilot testing and prototyping costs without
demanding equity or background IP rights [27, 33].

* **Strategic Value:** Validates the CVD graphene component against
automotive OEM specifications, generating non-dilutive revenue while
establishing a direct track to series production procurement.

#i## 5.2 Stage 2: Strategic Equity Co-Investment (Series A / B)

* **Structure:** Syndicate lead financial VCs with strategic CVC arms (e.g.,
**Bosch Ventures**, **Toyota Ventures**, **GM Ventures**, **Saint-Gobain
NOVA**) . Typical check sizes: **$3M to $1OM** per CVC participant [28, 29,
30, 34].

* **Key Terms:** Include investor information rights, board observer
representation, and right-of-first-refusal (ROFR) on supply agreements, while
strictly protecting core CVD synthesis background IP.

#i## 5.3 Stage 3: Joint Development Agreements (JDA) & Tooling Capital

* **Structure:** Non-Recurring Engineering (NRE) co-funding contracts where
Tier 1 suppliers (e.g., AGC, Valeo, Continental) co-finance the installation
of dedicated Roll-to-Roll (R2R) CVD transfer equipment or wafer transfer
tools [35].

* **TP Allocation:** CVD scale-up retains background IP on CVD growth and dry
transfer processes; joint IP is established strictly around application-
specific lamination stacks (e.g., glass-graphene-interlayer bonding).



#i## 5.4 Stage 4: Advanced Commercial Offtake Agreements (APAs)
* *¥*Structure:** Multi-year binding or conditional supply contracts executed
prior to full factory commissioning.
* **\Volume Pricing Logic:** Establishes tiered volume pricing targets:
* *pjlot Validation Phase (1,000-10,000 $m~2$/yr):* $\$100 - \$150 / m"2%.
* *Tnitial Series Production (100,000 $m~2$/yr):* $\$40 - \$60 / m"2%.
* *Mass Platform Deployment ($>1,000,000 \ m~2$/yr):* $\$15 - \$25 / m~2$
(achieving cost parity with high-grade ITO while delivering vastly superior
flexibility and optical transparency) [6, 7].

## 6. Risk Analysis & Mitigation Strategies

| Risk Category | Risk Factors & Impacts | Severity / Likelihood | Mitigation
Strategy |
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| **R2R Scale-Up & Defect Density** | Micro-tears, pinholes, and polymer
contamination during R2R foil transfer increase sheet resistance ($R_s$)
variability beyond $\pm 10\%$. | **High / Moderate** | Transition to dry
mechanical transfer and in-line optical Raman spectroscopy quality control;
utilize multi-layer CVD stacks to bridge monolayer defects [6, 11]. |

| **Automotive Qualification Lag** | 3-to-5-year AEC-Q100/Q200 and IATF 16949
testing cycles delay commercial revenue generation. | **High / High** |
Parallelize qualification via Venture Client programs (BMW Startup Garage);
leverage existing certified Tier 1 substrate suppliers (AGC, Sekurit) [18,
27]. |

| **Cost Parity vs Legacy Solutions** | Higher initial price per $m~2$
compared to legacy tungsten heating wires or basic ITO films. | **Moderate /
High** | Focus initial rollout on high-margin, regulatory-driven applications
(UN ECE Reg 157 LiDAR de-icing, FCEV plates) where legacy wires fail [8, 17].
I

| **IP Encumbrance & Freedom to Operate** | Broad patent portfolios held by
major chemical/material incumbents in graphene transfer. | **Moderate / Low**
| Conduct early Freedom-to-Operate (FTO) patent landscape analyses; file
proprietary patents on dry transfer tooling and lamination chemistry [1]. |

## 7. Executive Action Plan & Commercial Roadmap

36-MONTH COMMERCIALIZATION ROADMAP

r— + | MONTHS 1 - 12: PILOT
VALIDATION & VENTURE CLIENT ENGAGEMENT | | * Join BMW Startup Garage & StartUp
Autobahn (Validate LiDAR De-Icing) | | * Secure $2.5M Non-Dilutive Grants (US DOE / EU
Horizon Europe) | | * Complete AEC-Q200 Thermal Shock Testing (-40°C to +125°C) | +——
+|v+
+ | MONTHS 13 - 24: CVC EQUITY SYNDICATION & R2R PILOT




EXPANSION | | * Close $15M Series A Round led by Bosch Ventures, Sekurit NOVA & Toyota
| | * Commission 1.0-meter Wide Continuous R2R CVD Pilot Line (50,000 m?/yr) | | * Sign
JDA for Fuel Cell Bipolar Plate Coatings with Toyota/Hyundai | +

———+ | MONTHS 25 - 36: IATF 16949 CERTIFICATION & SERIES PRODUCTION OFFTAKE |
| * Achieve Full IATF 16949 Manufacturing Plant Certification | | * Execute Multi-Year
Commercial Offtake Agreements with Valeo & AGC | | * Begin Series Deliveries for Level 3
ADAS Sensor Domes & Smart Glass | +
—_—t
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## 1. Executive Briefing & Core Investment Thesis

### 1.1 Macro Thesis

The global construction and building materials industry—accounting for over
$12 trillion in annual expenditure (13% of global GDP) [1]—faces
unprecedented decarbonization pressures, durability requirements, and
electrification mandates. Chemical Vapor Deposition (CVD) graphene represents
a critical, high-margin deep-tech frontier within advanced materials. While
bulk graphene nanoplatelets (GNPs) and graphene oxide (GO) powders have
reached commodity status as cementitious additives [2], **CVD graphene**
yields continuous atom-thick films with distinct commercial properties:
optical transparency (>97%), electrical conductivity ($1076\text{ S/m}$),
thermal conductivity ($3000\text{--}5000\text{ W/mK}$), atomic gas/ion
impermeability, and high piezoresistive gauge factors [3].

### 1.2 Key Investment Catalyst

Recent advances in Roll-to-Roll (R2R) thermal CVD synthesis and plasma-
enhanced CVD (PECVD) have reduced production costs from $> \$500/\text{m}"2%
in 2018 to under $\$35/\text{m}”*2$ today, with clear manufacturing pathways
to reach $\$5\text{--}\$10/\text{m}"2$ at scale [4]. This cost trajectory
unlocks large-scale commercial substitution across four high-value
construction verticals:

1. **Electrochromic Smart Windows & BIPV:** Replacing expensive, brittle
Indium Tin Oxide (ITO) [5].

2. **Structural Steel & Rebar Protection:** Eliminating multi-billion-dollar
corrosion failure in infrastructure [6].

3. **Embedded Structural Health Monitoring (SHM):** Real-time IoT
strain/moisture sensing in concrete and joints [7].



4. **Planar Radiant Surface Heating:** Energy-efficient, electrified building
envelope heating [8].

CVD GRAPHENE VALUE CHAIN IN CONSTRUCTION

SYNTHESIS: Continuous R2R Thermal CVD / PECVD on Cu/Ni Foils or Direct Glass/Steel]| | |
TRANSFER / LAMINATION: Polymer-assisted R2R Transfer or Direct Plasma Coater Line | |
| INDUSTRIAL INTEGRATION (4 Core Markets): | 1. Smart Glass (ITO Swap) 2. Steel Rebar
Barrier 3. SHM Sensors 4. Radiant Heat | | CORPORATE VENTURE MONETIZATION: Equity
(CVC) + Joint Development (JDA) + Offtake |

## 2. Market Sizing, Unit Economics, and Unit Metric Trajectory

### 2.1 Addressable Market Sizing (TAM / SAM / SOM)

- **Total Addressable Market (TAM):** $31.4 Billion (Global combined market
for transparent conductive oxides, structural anti-corrosion coatings,
structural health monitoring sensors, and radiant panel heating) [9].

- **Serviceable Addressable Market (SAM):** $4.8 Billion (CVD graphene-
addressable functional layers in premium commercial glazing, marine steel
rebar, smart concrete sensors, and architectural facades) [10].

- **Serviceable Obtainable Market (SOM):** $680 Million (Realistic 5-year
capture by early-stage portfolio companies partnering with strategic
corporate venture partners) [11].

### 2.2 Cost Trajectory & Unit Economics Comparison

| Metric / Application | Traditional Material | Traditional Cost | CVD
Graphene Target | Parity / Viability Threshold | Primary Advantage |
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| **Smart Glass TCEs** | Indium Tin Oxide (ITO) | $\$20\text{--
\$40/\text{m}*2$ [12] | $\$8\text{--}\$15/\text{m}*2$ | $\le
\$20/\text{m}"2$ | Continuous flexibility, zero cracking, 97%+ transparency |
| **Rebar Anti-Corrosion** | Epoxy / Zinc Galvanizing | $\$15\text{--
I\$30/\text{ton}$ [13] | $\$12\text{--}\$25/\text{ton eq.}$ | $\le
\$25/\text{ton}$ | $10\times$ corrosion lifespan, zero ion penetration |

| **Concrete SHM Sensors** | Optical Fiber / Piezoresistors | $\$150\text{--
H\$300/\text{node}$ [14] | $\$15\text{--}\$35/\text{node}$ | $\le
\$50/\text{node}$ | Sub-millimeter profile, non-destructive embedding |

| **Radiant Surface Heat** | Resistance Wire Networks | $\$40\text{--
1\$80/\text{m}*2% [15] | $\$18\text{--}\$30/\text{m} 2% | $\le
\$35/\text{m}”2$ | Uniform planar heat, zero hot-spots, fast response |

*Note: Monolayer CVD graphene density is theoretically $0.757\text{ mg/m}"2$%.
Commercial metrics are quantified in active surface area ($m”*2%$/year) and
active sensor node units [16].*



## 3. Deep-Dive: Corporate Venture Capital (CVC) Ecosystem & Strategic
Programs

Corporate venture capital in the construction and advanced materials sector
has accelerated dramatically. Strategic corporates actively seek minority
equity positions and joint development agreements (JDAs) to derisk deep-tech
scale-up.

CORPORATE VENTURE FUNDING PATHWAYS

[CEMEX Ventures] ——-> Seed / Series A Equity ($250k - $3M) + ConcretelQ Trial | [Saint-
Gobain NOVA] —-> Series A / B Equity ($1M - $5M) + SageGlass Pilot | [ArcelorMittal
XCarb] -> Growth Equity ($2M - $10M) + Industrial Steel Pilot | [PPG / AkzoNobel] ——>
Grants & JDA Funding ($100k - $2M) + R&D Co-Development

### 3.1 CEMEX Ventures (CEMEX S.A.B. de C.V.)

- **Funding Program Name:** CEMEX Ventures Investment Fund & Annual
Construction Startup Competition [17].

- **Check Size & Structure:** $\$250,000 \text{ to } \$3,000,000% in Seed to
Series A minority equity rounds.

- **Strategic Focus:** ConTech, Smart Cities, Green Construction, and IoT-
enabled building elements.

- **Application Alignment:** Embedded CVD graphene FET sensors for CEMEX's
*ConcretelIQ* platform to monitor curing strength, moisture content, and
chloride ion penetration in real-time.

- **Contact & Portal:**
[https://www.cemexventures.com](https://www.cemexventures.com) | Email:

" info@cemexventures.com’

### 3.2 Saint-Gobain NOVA (Saint-Gobain External Venturing)

- **Funding Program Name:** Saint-Gobain NOVA Venture Program [18].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$5,000,000% equity
investments, accompanied by Joint Development Agreements (JDAs).

- **Strategic Focus:** High-performance building envelopes, smart glazing,
decarbonization, lightweight materials.

- **Application Alignment:** Commercial integration into *SageGlass*
electrochromic windows as a flexible replacement for sputtered ITO
transparent conductive films.

- **Contact & Portal:** [https://www.nova-saint-gobain.com](https://www.nova-
saint-gobain.com) | Email: “nova@saint-gobain.com’

### 3.3 ArcelorMittal XCarb® Innovation Fund

- **Funding Program Name:** XCarb® Innovation Fund ($100M total allocation)
[19].

- **Check Size & Structure:** $\$2,000,000 \text{ to } \$10,000,000% direct
equity injections; non-dilutive pilot facility co-investment.

- **Strategic Focus:** Breakthrough steel decarbonization, corrosion
resistance, advanced surface coatings.



- **Application Alignment:** Direct PECVD growth of CVD graphene on
continuous steel strip lines to produce ultra-corrosion-resistant rebar and
coastal structural steel.

- **Contact & Portal:** [https://xcarb.com](https://xcarb.com) | Email:
“xcarb.fund@arcelormittal.com’

#i#t#t 3.4 PPG Ventures (PPG Industries, Inc.)

- **Funding Program Name:** PPG Corporate Ventures Program [20].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$4,000,000% minority
equity investments with milestone-based R&D tranches.

- **Strategic Focus:** Functional protective coatings, barrier films,
sustainable primers, conductive inks.

- **Application Alignment:** Roll-to-Roll CVD graphene interlayers beneath
marine/industrial topcoats to extend coating salt-spray resistance beyond
5,000 hours.

- **Contact & Portal:** [https://www.ppg.com](https://www.ppg.com) | Email:
“ventures@ppg.com’

### 3.5 Paint the Future (AkzoNobel N.V.)

- **Funding Program Name:** Paint the Future Collaborative Innovation Venture
Program [21].

- **Check Size & Structure:** $\$50,000 \text{ to } \$250,000% pilot co-
funding grants progressing to $\$1,000,000\text{--}\$3,000,000% Series A
equity co-investments.

- **Strategic Focus:** Smart surfaces, continuous protection, zero-VOC
barrier technologies.

- **Application Alignment:** Interfacial barrier layers for coil-coated
architectural cladding and marine steel structures.

- **Contact & Portal:**
[https://www.letspaintthefuture.com](https://www.letspaintthefuture.com) |
Email: "~paintthefuture@akzonobel.com’

### 3.6 Sika Ventures (Sika AG)

- **Funding Program Name:** Sika Corporate Venturing Initiative [22].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$5,000,000% minority
equity investments and joint venture creation.

- **Strategic Focus:** Concrete additives, waterproofing membranes,
structural bonding, embedded sensors.

- **Application Alignment:** Patterned CVD graphene sensor meshes embedded
within *Sikaplan®* waterproofing membranes for continuous leak and strain
detection.

- **Contact & Portal:** [https://www.sika.com](https://www.sika.com) | Email:
“sika.ventures@ch.sika.com’

#i## 3.7 Hilti Ventures (Hilti Group)

- **Funding Program Name:** Hilti Strategic Ventures [23].

- **Check Size & Structure:** $\$1,000,000 \text{ to } \$4,000,000% Series
A/B equity investments.

- **Strategic Focus:** Jobsite automation, smart anchors, structural health



monitoring, BIM-connected hardware.

- **Application Alignment:** Micro-patterned CVD graphene piezoresistive
strain gauges integrated directly onto high-load expansion anchors and post-
tensioning bolts.

- **Contact & Portal:** [https://www.hilti.group](https://www.hilti.group) |
Email: “ventures@hilti.com’

### 3.8 Holcim MAQER (Holcim Ltd.)

- **Funding Program Name:** Holcim MAQER Open Innovation Platform [24].

- **Check Size & Structure:** $\$500,000 \text{ to } \$4,000,000% venture
investments and customer pilot demonstration grants.

- **Strategic Focus:** Sustainable building solutions, low-carbon building
envelopes, smart roofing.

- **Application Alignment:** Flexible CVD graphene reflective and low-voltage
heating layers integrated into *Elevate* commercial roofing membranes.

- **Contact & Portal:**
[https://www.holcimmager.com](https://www.holcimmager.com) | Email:
“mager@holcim.com’

### 3.9 AGC Ventures (AGC Inc.)

- **Funding Program Name:** AGC Corporate Ventures [25].

- **Check Size & Structure:** $\$500,000 \text{ to } \$3,000,000% minority
equity investments.

- **Strategic Focus:** Architectural glass innovations, BIPV solar
integration, functional surface coatings.

- **Application Alignment:** CVD graphene transparent conductive electrodes
for *SunEwat* BIPV solar facade units.

- **Contact & Portal:** [https://agc-ventures.com](https://agc-ventures.com)
| Email: "~ agc-ventures@agc.com’

### 3.10 View, Inc. & Halio, Inc. Direct Strategic Partnerships

- **Funding Mechanism:** Co-funded Joint Development Agreements (JDAs), pre-
paid R& grants, and commercial supply off-take contracts ($1IM-$3M
commitment) [26].

- **Strategic Focus:** Next-generation electrochromic smart window
manufacturing yield improvement.

- **Application Alignment:** Direct replacement of sputtered ITO on dynamic
glass lines to eliminate thermal stress cracking and speed up tint switching
time by 40%.

- **Contact:** ~bd@view.com™ | ~info@halioinc.com

## 4. Sharper Recommendation & Investment Matrix

The matrix below evaluates target corporates across multiple dimensions:
Commercial Application Readiness (TRL), Annual Addressable Demand Volume,
Feasibility Score (1-10), Optimal Capital/Investment Structure, Conversion
Probability, and Strategic Action Plan.



| Corporate Target | Target Application | TRL Level | Addressable Demand
($m~2$/yr) | Feasibility Score (1-10) | Optimal Investment / Capital
Structure | Conversion Prob. | Strategic Action Plan & Execution Milestone |
I e B I e I A IR

| **Saint-Gobain (SageGlass)** | Transparent Electrodes for Dynamic Glass |
**TRL 6** | $500\text{k}\text{--}1.5\text{M}$ | **9 / 10** | **CVC Equity
(NOVA Series A/B)** + Joint Development Agreement | **HIGH** | Pitch R2R
transfer equipment yield data; request $3M Series A equity check tied to
SageGlass pilot line testing [27]. |

| **View, Inc. / Halio** | ITO Replacement in Electrochromic Windows | **TRL
7¥* | $300\text{k}\text{--}1.0\text{M}$ | **9 / 10** | **Strategic R&D
Grant** + Take-or-Pay Supply Contract | **HIGH** | Execute non-exclusive JDA;
deliver $1\text{m}\times 1.5\text{m}$ electrochromic glass samples using CVD
graphene electrodes [28]. |

| **Sika AG** | SHM Strain/Leak Sensors in Membranes | **TRL 6** |
$100\text{k}\text{--}500\text{k}$ | **8 / 1@** | **Sika Ventures Equity
($2M)** + Exclusive Licensing | **HIGH** | Present piezoresistive gauge
repeatability data ($GF>15%); co-develop smart *Sikaplan* membrane prototype
[29]. |

| **CEMEX Ventures** | Smart Concrete FET Sensing Arrays | **TRL 5** |
$20\text{k}\text{--}100\text{k}$ | **8 / 1@** | **CEMEX Ventures Equity
($1IM)** + ConcreteIQ Integration | **HIGH** | Enter CEMEX Startup
Competition; secure field trial in precast structural concrete plant [30]. |
| **Hilti Group** | Micro-Strain Sensors on Smart Anchors | **TRL 6** |
$5\text{k}\text{--}25\text{k}$ | **8 / 10** | **Hilti Ventures Equity
($1.5M)** + OEM Co-Development | **HIGH** | Benchmark graphene strain gauge
against semiconductor gauges under high-fatigue seismic loads [31]. |

| **PPG Industries** | Structural Steel Primer Interlayer | **TRL 5** |
$300\text{k}\text{--}1.0\text{M}$ | **7 / 1@** | **PPG Ventures Equity
($2M)** + R&D Co-Funding | **MEDIUM** | Conduct 2,000-hour ASTM B117 salt
spray testing with PPG primer on CVD-treated steel plates [32]. |

| **AGC Inc.** | BIPV Solar Front Contacts & Smart Skins | **TRL 5** |
$400\text{k}\text{--}1.2\text{M}$ | **7 / 10** | **AGC Ventures Equity
($1.5M)** + Grant Co-Funding | **MEDIUM** | Submit sheet resistance
uniformity map ($<30\ \Omega/\text{sq}$, $\pm 3\%$ variation) on
$300\text{mm}$ continuous R2R web [33]. |

| **AkzoNobel** | Anti-Corrosion Sub-Layer for Facades | **TRL 4%** |
$250\text{k}\text{--}800\text{k}$ | **6 / 10** | **Paint the Future Grant
($200k)** $\rightarrow$ Series A Equity | **MEDIUM** | Apply to Paint the
Future Challenge; validate cathodic delamination reduction on coil-coated
aluminum [34]. |

| **Holcim Ltd.** | Reflective & Heating Roof Sublayers | **TRL 4** |
$200\text{k}\text{--}800\text{k}$ | **6 / 1@** | **Holcim MAQER Pilot Grant
($300k)** + Co-Investment | **MEDIUM** | Benchmark thermal output ($W/m”2$)
and durability of graphene-laminated TPO roofing sheets under severe UV
exposure [35]. |

| **ArcelorMittal** | Direct PECVD Corrosion Layer on Steel | **TRL 3** |
$2.0\text{M}\text{--}8.0\text{M}$ | **5 / 10** | **XCarb® Fund Equity
($5M\text{--}$10M)** + Pilot R&D Facility | **MEDIUM-LOW**| Pitch high-speed



PECVD in-line synthesis module for continuous rebar coil processing [36]. |

## 5. Strategic Go-To-Market & Capital Raise Deployment Roadmap

To systematically de-risk technology scale-up and maximize investor returns
(targeting $>5\times$ MOIC / $35\%+$ IRR), portfolio companies should execute
a three-phase capital deployment strategy:

PHASE 1: Seed / Grant Stage (Months 0 - 18) - Capital Allocation: $1.5M - $3.0M (Non-
dilutive Grants + Pre-Seed/Seed Equity) - Milestones: Roll-to-Roll prototype line ($300mm
web width), ]DA signing with 2 Tier-1 corporates (e.g., Saint-Gobain, CEMEX). - TRL
Elevation: TRL 3 -> TRL 5.

PHASE 2: Series A Expansion & Commercial Pilot (Months 18 - 36) - Capital Allocation:
$8.0M - $15.0M (Co-led by Financial VC and CVC partners like Saint-Gobain NOVA /
ArcelorMittal XCarb). - Milestones: Industrial R2R line ($1000mm web width, >100,000
m?/year capacity), field deployment in 3 major infrastructure projects. - Cost Target:
Achieve CVD graphene film cost < $20/m?. TRL Elevation: TRL 5 -> TRL 7.

PHASE 3: Series B Growth & Mass OEM Scale-Up (Months 36 - 60) - Capital Allocation:
$25.0M - $50.0M (Growth Capital + Commercial Offtake Debt Facilities). - Milestones: Multi-
line commercial fab manufacturing >1,000,000 m?/year, long-term supply agreements with
View Inc., AGC, and Sika. - Exit Channels: Strategic M&A by Saint-Gobain, PPG, or
ArcelorMittal at 8x-12x ARR multiples or Tech IPO.

## 6. Risk Assessment and Mitigation Strategies

1. **Roll-to-Roll Transfer Yield Risk:**

- *Risk:* High defect density (pinholes, tears) during polymer-assisted
R2R transfer from copper foil to target glass or polymer substrates reduces
conductivity/barrier performance.

- *Mitigation:* Invest in transferless direct PECVD low-temperature growth
or electrochemical delamination techniques [37].

2. **Cost Parity Lag against Legacy TCOs / Coatings:**

- *Risk:* Legacy ITO or epoxy coatings remain inexpensive ($10-$20/m2),
slowing corporate adoption.

- *Mitigation:* Focus initial commercialization on high-value niche
applications (electrochromic glass, smart rebar) where performance advantages
justify a premium, then leverage volume scaling to lower production costs
below ITO [38].

3. **Corporate Long Sales Cycles in Construction:**

- *Risk:* Construction industry qualification and testing cycles (ASTM,
ISO, ETAG) can exceed 36 months.

- *Mitigation:* Partner with CVC arms (CEMEX Ventures, Saint-Gobain NOVA)



early to conduct accelerated environmental testing and parallelize regulatory
certification [39].

## 7. Inline Citations and Source Reference Index

1. **McKinsey & Company.** (2023). *The Next Normal in Construction: How
disruption is reshaping the world's largest ecosystem.* McKinsey Capital
Projects Practice Report.

2. **Reininger, M., et al.** (2022). "Industrial Scalability of Graphene
Nanoplatelets in Mortar and Concrete Formulations." *Cement and Concrete
Research*, 154, 106721.

3. **Ferrari, A. C., et al.** (2015). "Science and technology roadmap for
graphene, related two-dimensional crystals, and hybrid systems." *Nanoscale*,
7(11), 4598-4810.

4. **Bae, S., et al.** (2010). "Roll-to-roll production of 30-inch graphene
films for transparent electrodes." *Nature Nanotechnology*, 5(8), 574-578.
5. **Hecht, D. S., et al.** (2011). "Emerging transparent conductors based on
nanomaterials." *Advanced Materials*, 23(12), 1482-1513.

6. **Cui, G., et al.** (2017). "CVD Graphene as an Impermeable Anti-Corrosion
Barrier Layer for Metals." *Advanced Materials*, 29(45), 1702937.

7. **Ye, R., et al.** (2018). "Laser-Induced Graphene Formation on Commercial
Polymers for Flexible Sensing Electronics.” *ACS Nano*, 12(2), 1638-1645.

8. **Kang, J., et al.** (2021). "High-Efficiency Flexible Graphene Radiant
Heating Films for Zero-Carbon Buildings." *Energy and Buildings*, 238,
110842.

9. **Grand View Research.** (2024). *Transparent Conductive Films, Smart
Windows, and Anti-Corrosion Coatings Market Size & Growth Analysis 2024-
2030.%*

10. **IDTechEx Research.** (2023). *Graphene Market & Technology Outlook
2023-2033: Applications, Markets, Players.*

11. **pPitchBook Data.** (2024). *Emerging Tech Research: Advanced Materials
and PropTech Venture Capital Landscape.*

12. **Snaith, H. J.** (2012). "Present status and future prospects for
organic and hybrid solar cells and transparent conductors." *Advanced
Functional Materials*, 22(9), 1877-1887.

13. **NACE International.** (2022). *International Measures of Prevention,
Application, and Economics of Corrosion Technologies (IMPACT) Report.*

14, **Glisic, B., & Inaudi, D.** (2012). *Fibre Optic Methods for Structural
Health Monitoring.* John Wiley & Sons.

15. **ASHRAE.** (2023). *Handbook—Heating, Ventilating, and Air-Conditioning
Systems and Equipment.* American Society of Heating, Refrigerating and Air-
Conditioning Engineers.

16. **Novoselov, K. S., et al.** (2012). "A roadmap for graphene." *Nature*,
490(7419), 192-200.

17. **CEMEX Ventures.** (2023). *Top 50 ConTech Startups & Corporate
Investment Portfolio Guidelines.* CEMEX Corporate Disclosures.

18. **Saint-Gobain NOVA.** (2023). *External Venturing Strategy & Smart
Glazing Partnership Roadmap.* Saint-Gobain Corporate Press.



19. **ArcelorMittal.** (2023). *XCarb® Innovation Fund Progress Report &
Decarbonization Investments.* ArcelorMittal Investor Relations.

20. **PPG Ventures.** (2023). *Coatings Technology & Advanced Barrier
Ventures Program.* PPG Corporate Communications.

21. **AkzoNobel.** (2023). *Paint the Future Ecosystem & Startup Acceleration
Report.* AkzoNobel Innovation Disclosures.

22, **Sjka AG.** (2023). *Corporate Venturing & Smart Construction Materials
Roadmap.* Sika Annual Report Insights.

23. **Hilti Group.** (2023). *Hilti Strategic Ventures & Smart Fastening
Infrastructure.* Hilti Corporate Media.

24. **Holcim MAQER.** (2023). *Open Innovation for Sustainable Construction &
Building Envelopes.* Holcim Group Disclosures.

25. **AGC Inc.** (2023). *AGC Ventures Investment Focus: Next-Gen Glass &
BIPV Conductive Layers.* AGC Corporate Disclosures.

26. **View, Inc.** (2023). *Form 10-K Annual Report: Smart Glass Technology
and Manufacturing Supply Chains.* SEC Disclosures.

27. **SageGlass / Saint-Gobain Technical Report.** (2023). *Durability and
Switching Speed Benchmarks for Advanced Transparent Electrodes.*

28. **Halio, Inc.** (2023). *Electrochromic Window Technology White Paper:
Reducing Operating Voltage via High-Conductivity Substrates.*

29. **Sjika Technology AG.** (2022). *European Patent EP3492891Al1: Integrated
Flexible Sensing Layers in Waterproofing Membranes.*

30. **CEMEX Research Group AG.** (2023). *In-situ Concrete Curing and
Moisture Monitoring Using Embedded Graphene Sensor Elements.*

31. **Hilti Development AG.** (2022). *US Patent US11280362B2: Load
Monitoring Structural Anchors with Integrated Nanomaterial Strain Gauges.*
32. **ppG Architectural & Industrial Coatings.** (2023). *Accelerated
Weathering and Salt Fog Testing of Graphene Primers on Structural Steel.*
33. **AGC Glass Europe R&D.** (2023). *Roll-to-Roll Transparent Conductive
Coatings for Large-Scale Architectural Glazing.*

34, **AkzoNobel Protective Coatings.** (2023). *Cathodic Delamination
Resistance of Two-Dimensional Atomic Barrier Interlayers.*

35. **Elevate Roofing Solutions / Holcim.** (2023). *Radiative Cooling and
Conductive Heating Performance of Graphene-Modified TPO Membranes.*

36. **ArcelorMittal Global R&D.** (2023). *In-line Plasma CVD Synthesis of
Graphene Films on Continuous Steel Strip Processing Lines.*

37. **Chen, X., et al.** (2021). "Direct Low-Temperature Plasma-Enhanced CVD
Growth of Graphene on Non-Metallic Substrates for Industrial Electronics.”
*Nature Communications*, 12, 2415.

38. **polat, E. 0., et al.** (2019). "Scale-up and Commercialization Pathways
for Roll-to-Roll Graphene Films." *Advanced Materials Technologies*, 4(11),
1900243.

39. **World Economic Forum.** (2023). *Scaling Deep-Tech Innovations in the
Infrastructure and Construction Sector.* WEF White Paper Series.

# INVESTMENT MEMORANDUM



*¥*¥TO:** Investment Committee & Strategic LPs

**FROM: ** Deep Tech & Advanced Materials Sector Group

**DATE: ** September 5, 2026

**SUBJECT:** Commercialization Thesis, Corporate Venture Capital Alignment,
and Capital Deployment Strategy for Chemical Vapor Deposition (CVD) Graphene
in Consumer Industry Verticals

## 1. Executive Summary & Investment Thesis

Chemical Vapor Deposition (CVD) graphene is reaching a pivotal commercial
inflection point in consumer markets. While first-generation graphene
commercialization focused primarily on **bulk graphene** (nanoplatelets,
powders, and liquid dispersions used as structural additives or battery
conductive slurries), **CVD graphene** delivers atomically continuous,
single-layer to few-layer 2D crystalline films grown via catalytic pyrolysis
of hydrocarbons on metal foils (e.g., Cu, Ni) or wafer substrates [1, 2].

CVD graphene possesses a unique combination of physical properties:

* **High Carrier Mobility:** >10,000 $cm”~2/V\cdot s$ at room temperature
[1].

*  **High Optical Transmittance:** ~97.7% per monolayer across UV-Vis-NIR
spectra [2].

* **Tn-Plane Thermal Conductivity:** ~3,000-5,000 $W/m\cdot K$ (surpassing
pyrolytic graphite and copper) [3].

* **Extreme Mechanical Strength & Elasticity:** Young's modulus of ~1.0
TPa, sustaining bend radii <1 mm over 200,000 cycles [4].

### Key Investment Thesis

The commercialization strategy for CVD graphene startups should avoid head-
to-head competition with low-cost commodity thin films (e.g., standard touch-
screen ITO replacement) in early stages. Instead, ventures should target
**high-value, performance-critical consumer beachheads** where CVD graphene's
unique multi-functional properties command premium pricing ($100-$300/$m"2%
or $150-$500/wafer transfer) [5]. These initial high-margin applications
include:

1. **Acoustic Diaphragms for TWS Earbuds & Premium ANC Headphones**
(improving frequency response and energy efficiency) [6].

2. **Ultra-Thin Thermal Dissipation Spreaders for Foldable Smartphones &
AR/VR Headsets** (solving localized thermal throttling) [3, 7].

3. **Wafer-Scale GFET Biosensors & SWIR Photodetectors** (enabling non-
invasive continuous health monitoring and advanced 3D sensing) [8, 9].

As Roll-to-Roll (R2R) transfer yields improve and continuous growth costs
fall below **$15-$25/$m~2¢**, CVD graphene can scale into mass-market
foldable OLED transparent electrodes, smart e-textiles, and consumer energy
storage [2, 10].



## 2. Industry Value Proposition & Sector Opportunity Analysis

CVD GRAPHENE CONSUMER APPLICATIONS

[Displays & Touch] [Thermal Management] [Acoustics & Transducers] | « Foldable OLED
Anodes ¢ 3nm/2nm SoC Spreaders ¢« TWS Earbud Membranes | ¢ Flexible Touch TCF e
AR/VR Thermal Bridges  Hi-Res ANC Headphones | | [Wearable Biosensors] [Smart
Apparel] [Optics & MEMS Sensors] | « Sweat/Glucose GFETs « Heated Activewear « SWIR
Photodetectors | « ECG/EDA Skin Patches ¢ Strain Sensing Fabrics ¢« MEMS
Microphones/Barometers |

### A. Flexible & Foldable Displays (OLED / Micro-LED)

*  **Tncumbent Threat:** Indium Tin Oxide (ITO) micro-fractures under
repetitive bending (radius <2 mm), leading to display failure in foldable
devices [2]. Silver nanowires (AgNW) suffer from chemical electromigration
and high optical haze [10].

*  *¥*CVD Advantage:** Monolayer/few-layer CVD graphene films offer optical
transparency >97%, sheet resistance <50 $\Omega/sq$ (when p-doped with
$AUC1l 3% or $HNO 3$), and unlimited flex endurance [2, 4].

*  **Market TAM/SAM:** Projected display TCF market for foldable/rollable
devices: $1.8B by 2028 [5].

### B. Thermal Management in Compact Hardware

* **Tncumbent Threat:** Standard copper ($k \approx 400 W/m\cdot K$) and
synthetic graphite sheets ($k \approx 1,200-1,500 W/m\cdot K$) are too thick
(>25-50 $\mu m$) for foldable phone hinges and compact AR glasses [3].

* **CVD Advantage:** Laminated multi-layer CVD graphene sheets provide in-
plane thermal conductivity of 3,000-5,000 $W/m\cdot K$ at thicknesses <5 $\mu
m$, eliminating CPU thermal throttling without adding bulk [3, 7].

### C. Premium Acoustic Transducers

* **Incumbent Threat:** Titanium, Mylar, and PET diaphragms experience
flexural modal breakup at high frequencies, introducing harmonic distortion
(>1%) [6].

* **CVD Advantage:** Graphene-polymer composite membranes (e.g., GrapheneQ)
boast an extreme stiffness-to-weight ratio, extending high-frequency response
beyond 40 kHz while reducing power consumption by up to 40% [6].

### D. Wearable GFET Biosensors & Consumer Optics

*  **Tncumbent Threat:** Photodiode and electrochemical skin sensors lack
sensitivity for sub-picomolar biomolecule detection in sweat or non-invasive
optical SWIR sensing [8, 9].

*  *¥*CVD Advantage:** Wafer-scale Graphene Field-Effect Transistors (GFETs)



provide ultra-high transconductance and label-free bio-sensing, while hybrid
Graphene-CMOS image sensors capture broadband SWIR light for facial
recognition and tissue bio-imaging [8, 9, 11].

## 3. Corporate Venture Arms, Funding Programs & Strategic Vehicles

To de-risk technology maturation, CVD graphene ventures should leverage
corporate venture capital (CVC), strategic non-dilutive equipment grants,
non-recurring engineering (NRE) contracts, and pre-paid supply off-take
agreements from key consumer leaders [12, 13].

| | CORPORATE FINANCIAL SUPPORT MECHANISMS

I_ o T
4 | EQUITY VC / CVC | NON-DILUTIVE GRANTS |

SUPPLY OFF-TAKE / NRE |

k + T

. | e Samsung Catalyst Fund | e Apple Advanced | .
Long-term supply | | * LG Tech Ventures | Manufacturing Fund | prepayments e Sony
Innovation Fund | ¢ European Horizon / KDT |  Co-development NRE e Huawei

|

Hubble Inv. | JU Cleanroom Grants | engineering contracts | | e Bosch Ventures (RBVC) |
.I Nike Valiant Grants | ¢ [P co-licensing JVs
-1 -

### Detailed Corporate Funding Analysis

#i### 1. Samsung Electronics (Samsung Catalyst Fund & Samsung Ventures)

* **Funding Vehicle:** Samsung Catalyst Fund ($500M multi-stage fund) &
Samsung Venture Investment Corporation (SVIC) [12].

*  **Strategic Focus:** Next-generation display materials, flexible
electronics, bio-processor sensors, and advanced thermal management for
Galaxy devices.

*  **Tnvestment History & Appetite:** Samsung Advanced Institute of
Technology (SAIT) has funded external 2D material startups and academic spin-
outs with equity tickets of $2M-$15M, paired with joint development
agreements (JDAs) [1, 2, 12].

* **Target Entry Point:** TRL 5-7 startups capable of delivering 300mm
wafer-scale GFET transfer or continuous R2R thermal films.

#it##t 2. Apple Inc. (Advanced Manufacturing Fund & Supplier Strategic
Investment)

* **Funding Vehicle:** Apple Advanced Manufacturing Fund ($5B total pool)
[13].



*  **Strategic Focus:** Advanced material synthesis, precision thermal
spreaders, custom sensor optics, and eco-friendly manufacturing technologies.
* **Support Mechanism:** Apple typically avoids dilutive equity rounds,
opting instead to purchase specialized manufacturing equipment for suppliers,
fund multi-million dollar NRE projects, and issue guaranteed purchase off-
take agreements [13].

* **Target Entry Point:** TRL 6-8 ventures with proven pilot line
scalability capable of meeting Apple's stringent quality and volume specs.

#i### 3. Sony Group Corporation (Sony Innovation Fund & Sony Semiconductor
Solutions)

* **Funding Vehicle:** Sony Innovation Fund / Sony Innovation Growth Fund
($200M+ AUM) [14].

* **Strategic Focus:** Micro-OLED AR displays, CMOS image sensor
enhancements, and high-fidelity audio transducer membranes.

*  *¥*Sypport Mechanism:** Direct Series A/B equity investments ($1M-$8M)
alongside joint development contracts with Sony Semiconductor Solutions and
Sony Audio [9, 14].

#i#t## 4. Huawei Technologies Co., Ltd. (Hubble Technology Investment -

B EER)

*  **Funding Vehicle:** Hubble Technology Investment Co., Ltd. [15].

*  **Strategic Focus:** Semiconductor manufacturing equipment, 2D thermal
dissipation materials, RF filter components, and display innovation.

* **Support Mechanism:** Direct equity acquisition ($3M-$20M check sizes),
strategic vendor status, and domestic supply chain integration [15].

#it## 5. Robert Bosch GmbH (Bosch Ventures - RBVC & Bosch Sensortec)

*  *¥*fFynding Vehicle:** Bosch Ventures GmbH (Robert Bosch Venture Capital)
managing >€1B [11, 16].

* **Strategic Focus:** MEMS sensor innovation, environmental GFET gas
sensors, and acoustic pressure sensors.

*  ¥*Sypport Mechanism:** Lead equity participation ($2M-$16M), access to
Bosch's cleanroom fabrication facilities, and pilot foundry support [11, 16].

#it##t 6. Bose Corporation (Bose Ventures)

*  **Funding Vehicle:** Bose Ventures [6, 17].

* **Strategic Focus:** Advanced transducer materials, acoustic MEMS, and
spatial audio components.

* **Support Mechanism:** Seed and Series A equity investments ($1M-$5M),
joint testing co-funding, and exclusive supply contracts [6, 17].

#it##t 7. Nike, Inc. & Lululemon Athletica (Valiant Labs & Corporate Ventures)
*  **Funding Vehicle:** Nike Valiant Labs / Strategic Investments; Lululemon
Corporate Development & Ventures [18].

* **Strategic Focus:** Wearable smart textiles, flexible heating elements,
performance strain sensors, and sustainable materials.

* **Support Mechanism:** Innovation grant funding ($250K-$1M), equity co-
investment ($1M-$5M), and athletic validation co-testing [18].



## 4. Sharper Recommendation & Evaluation Matrix

This matrix evaluates potential corporate strategic partners across key
investment dimensions to guide capital allocation and co-development deal
structuring.

| Target Partner & Venture Arm | Industry Vertical | Investment Tier |
Preferred Financial Support Vehicle | TRL Req. | Annual Volume Need
(Normalized Metric) | Target Price Threshold | Expected Deal / Grant Size |
ROI / Time-to-Market Horizon | Strategic Fit & Primary Value Driver |

e B SRR R LR R LT BT BEEE T IR R BEEE

| **Samsung Catalyst / SVIC** | Foldable Displays & Thermal | **Tier 1
(Anchor)** | CVC Equity ($2M-$15M) + NRE Contract | TRL 6-7 | 800k - 1.5M
$m~2$/yr | <$25 / $m~2$ | $5M - $15M | 2 - 3 Years | Dominance in foldable
OLED & Galaxy hardware heat spreading [1, 2, 12] |

| **Apple Adv. Mfg. Fund** | iPhone Thermal, GFET, Audio | **Tier 1
(Anchor)** | Equipment Grants & Pre-paid Off-take | TRL 6-8 | 1.2M - 2.5M
$mr2$/yr | <$20 / $m~2$ | $1eM - $35M | 2 - 4 Years | Scale production
without dilution; secure proprietary supplier lock-in [13] |

| **Sony Innovation Fund** | SWIR Camera Sensors & Audio | **Tier 1
(Anchor)** | CVC Equity ($1M-$8M) + Joint R& | TRL 6-7 | 50k-150k Wafers /
100k-300k $m~2$ | <$200 / Wafer | $3M - $106M | 1 - 3 Years | High-margin
acoustic diaphragms & next-gen SWIR image sensors [6, 9, 14] |

| **Huawei Hubble Investment** | Smartphone Thermal & 5G RF | **Tier 1
(Anchor)** | Direct Equity ($3M-$20M) + Off-take | TRL 7-8 | 1.eM - 2.0M
$m~2%/yr | <$30 / $m 2% | $5M - $20M | 1 - 2 Years | Immediate supply chain
integration for flagship Mate series [3, 15] |

| **Bosch Ventures (RBVC)** | Consumer MEMS Sensors | **Tier 2 (Co-Lead)**|
Equity ($2M-$10M) + Foundry Access | TRL 5-6 | 30k - 100k 200mm Wafers/yr |
<$150 / Wafer | $2M - $8M | 3 - 5 Years | Leadership in environmental MEMS &
GFET gas sensors [11, 16] |

| **Bose Ventures** | TWS & ANC Headphone Audio | **Tier 2 (Co-Lead)**|
Equity ($1M-$5M) + Exclusive Supply | TRL 6-7 | 50k - 150k $m~2$/yr | <$150 /
$m~2$ | $2M - $5M | 1 - 2 Years | Market differentiation in ultra-low
distortion audio diaphragms [6, 17] |

| **Xiaomi Horizon / Shunwei**| Fast-Charge Thermal & Wearables | **Tier 2
(Follow)** | Venture Equity + Ecosystem Access | TRL 6-7 | 800k - 1.5M
$mr2%/yr | <$20 / $mr2$ | $2M - $7M | 2 - 3 Years | Fast commercialization
across broad IoT and smartphone portfolio [7] |

| **LG Technology Ventures** | Rollable OLED & Laptops | **Tier 2 (Follow)**
| cvC Equity ($1M-$16M) + IV | TRL 5-6 | 300k - 700k $m~2%$/yr | <$30 / $m"2%
| $3M - $8M | 3 - 4 Years | OLED moisture encapsulation & transparent laptop
displays [2, 10] |

| **Nike Valiant / Strategic** | Smart E-Textiles & Sportswear| **Tier 3
(Grant)** | Innovation Grant + Seed Equity | TRL 4-5 | 200k - 600k $m~2%$/yr
| <$15 / $m~2$ | $500K - $3M | 3 - 5 Years | Heated outerwear & athletic



performance monitoring [18] |

| **Google Ventures / Garmin** | Continuous Health Wearables | **Tier 3
(Grant)** | CVC Equity ($2M-$1e6M) + Validation | TRL 5-6 | 3@k - 80k
$m~2%/yr | <$100 / $m”2$ | $2M - $6M | 2 - 4 Years | Biosensor leadership in
Fitbit & Garmin smartwatches [8] |

## 5. Technology Roadmap, Cost Trajectory & Risk Mitigation

COMMERCIALIZATION ROADMAP & MILESTONES

PHASE 1: High-Margin Beachheads (Years 1-2) | « Applications: Acoustic Diaphragms,
Premium GFET Biosensors, SWIR Optics | » Target Cost: $100 - $300 / m? | Volume: 10,000 -
50,000 m?/year « Key Partners: Sony, Bose, Bosch Sensortec |

v

PHASE 2: Mid-Volume Hardware Integration (Years 2-4) ¢ Applications: Foldable
Smartphone Thermal Spreaders, AR/VR Thermal Bridges » Target Cost: $30 - $80 / m? |
Volume: 200,000 - 800,000 m?/year  Key Partners: Huawei, Xiaomi, Samsung, Apple

v

PHASE 3: Mass-Market Substitution (Years 4+) | » Applications: Flexible OLED Transparent
Electrodes, Smart Apparel, Batteries | » Target Cost: <$15 - $25 / m? | Volume: >2,000,000
m?/year » Key Partners: Samsung Display, Apple, LG Display, Nike |

### Risk Assessment & Mitigation Strategies

1. **Transfer Yield & Pinhole Defect Risk**

*  *Risk:* Metal catalytic etching (Cu foil dissolution) and polymer
transfer handles (PMMA) leave chemical residues and create micro-tears,
reducing electrical mobility by up to 50% [2, 10].

*  *Mitigation:* Transition to **contactless electrochemical
delamination** (bubbling method) or **direct dielectric growth** (CVD
directly on sapphire/glass substrates) to eliminate sacrificial polymer
contamination [2, 11].

2. **Capital Intensity & Scaling Risk**

*  *Risk:* Building high-capacity R2R CVD furnace infrastructure requires
heavy upfront Capex ($15M-$40M per production line) [5].

* *Mitigation:* Utilize non-dilutive equipment financing from corporate
partners (e.g., Apple Advanced Manufacturing Fund) or fabless co-development
with established semiconductor foundries (e.g., TSMC or Bosch Sensortec MEMS
lines) [11, 13].

3. **Competitive Substitution Risk**



*  *Risk:* Price drops in traditional ITO or advances in ultra-thin
graphite foils could delay adoption in cost-sensitive segments [3, 10].

* *Mitigation:* Target applications where CVD graphene provides **multi-
functional synergy**—e.g., simultaneous thermal spreading AND electromagnetic
interference (EMI) shielding, or optical transparency combined with biostable
sensing—which single-function incumbents cannot replicate [3, 8].

## 6. Strategic Execution Playbook for CVD Graphene Ventures

To maximize valuation and secure non-dilutive capital, early-stage CVD
graphene companies should execute the following 4-step strategic playbook:

1. **Phase 1: Secure NRE & Co-Development Contracts (Months 1-12)**

*  Engage Tier 1 CVCs (Sony, Bose, Samsung) with functional prototypes
for high-margin beachheads (acoustic membranes or GFET dies). Secure $1M-$3M
in NRE funding to tailor material parameters [6, 12, 17].

2. **Phase 2: Leverage Corporate Grants & Cleanroom Access (Months 12-24)**

* Partner with Bosch Sensortec or STMicroelectronics to validate BEOL
wafer transfer compatibility in pilot semiconductor cleanrooms. Apply for
non-dilutive manufacturing grants [11, 13, 16].

3. **pPhase 3: Execute Strategic Series A/B Equity Round (Months 24-36)**

*  Raise $10M-$25M led by syndicate CVCs (Samsung Catalyst, LG Tech
Ventures, Huawei Hubble) to construct high-throughput R2R manufacturing lines
[12, 15].

4. **Phase 4: Lock In Long-Term Supply & Capacity Off-Take (Months 36+)**

*  Formalize multi-year take-or-pay supply contracts with consumer OEMs
(Apple, Samsung, Huawei) backed by guaranteed minimum volume off-takes [13,
15].
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**FROM: ** Advanced Materials & Defense Strategy Practice

**DATE: ** March 2026

**SUBJECT:** Strategic Investment Memorandum & Commercialization Roadmap: CVD
Graphene in the Defense Industry

**CLASSIFICATION:** Commercial Investment & Strategic Acquisition Assessment

## 1. Executive Summary & Core Investment Thesis

Chemical Vapor Deposition (CVD) synthetic graphene represents a high-margin,
dual-use deep technology transition opportunity for next-generation defense
platforms and national security infrastructure. Unlike first-generation
liquid-exfoliated graphene nanoplatelets (GNPs) or graphene oxide (GO)
powders—which act as low-margin bulk additives ($50-$150/kg) dispersed in



resins—**CVD graphene** produces continuous, atomically thin, large-area
films and wafer-scale single-crystal domains [Ferrari et al., 2015; AFRL,
2023]. These continuous 2D structures command premium commercial unit pricing
(**$150-$600 per $m~2$** for flexible films; **$500-$2,000 per 200mm wafer**)
and generate superior gross margin profiles (**>65% at operational scale**)
due to extreme technical switching costs once qualified on military program
baselines [DoD OUSD, 2023; DIU, 2024].

CVD GRAPHENE VALUE CREATION

e  Continuous Atom-Thin Layering (Sheet resistance: 100-1,000 £1/sq)
e  Extreme In-Plane Thermal Conductivity (3,000 - 5,000 W/m-K)
e  High Carrier Mobility (>10,000 cm?/V-s across UV to Far-IR / THz)

I

\'

CORE DEFENSE PLATFORM CAPABILITIES

Active Multi-Spectral Stealth / RAM Skins (NGAD, B-21 Raider, F-35, Missiles)
High-Power GaN AESA Radar & Directed Energy Heat Dissipation

Low-Power Electro-Thermal UAV & Fighter De-Icing (Replacing Pneumatic Bleed)
Continuous Composite Lightning Protection & Lightweight EMI Shielding
Ultra-Broadband EO/IR Photodetectors & Visor Transparencies (ENVG-B, HMDS)

v W

### Key Investment Drivers & Market Imperatives:

1. **Electrification & Weight Elimination:** Modern combat platforms face
severe weight budgets. Replacing heavy expanded copper mesh (ECM) for
lightning strike protection (LSP) and eliminating pneumatic bleed-air de-
icing saves **150-350 kg per airframe**, extending uncrewed aerial vehicle
(UAV) loiter time by up to 25% and fighter combat radius [Collins Aerospace,
2023; GA-ASI, 2023].

2. **Thermal Breakdown Emergency in GaN RF & Hypersonics:** Gallium Nitride
(GaN) high-electron-mobility transistors in Active Electronically Scanned
Array (AESA) radars and directed energy weapons generate local thermal flux
exceeding $1,000\text{ W/cm}~2$. CVD graphene thermal spreaders ($3,000-
5,000\text{ W/m}\cdot\text{K}$) prevent thermal runaway, enabling a **2x
boost in RF transmit power** [DARPA MTO, 2024; Northrop Grumman ATL, 2023].
3. **Dynamic Stealth & Active RCS Management:** 6th-generation fighters
(NGAD, Tempest) require dynamic, multi-spectral radar absorbing materials
(RAM) that balance RF attenuation with IR thermal camouflage. Continuous CVD
films allow real-time electrical tuning of surface impedance [Lockheed Martin
Skunk Works, 2023; BAE Systems FAST Labs, 2024].

4. **All-Weather Uncrewed Systems Mandate:** Autonomous drones operating
under NATO STANAG 4671 flight standards require all-weather anti-icing.
Continuous CVD graphene heating mats operate at $28\text{V DC}$, consuming
**70% less electrical power** than wire mesh heaters [GA-ASI, 2023; EDA,
2023].



## 2. Technical & Commercial Maturation Pipeline (TRL Analysis)

CVD graphene manufacturing is progressing across three scalable form factors,
each serving distinct defense product tiers:

1. **Roll-to-Roll (R2R) CVD on Metal Foils (Copper/Nickel) with
Transfer/Lamination:** Produces continuous flexible sheets ($m"2$ scale) for
electro-thermal de-icing, composite lightning protection, and stealth RAM
skins. Commercial Maturity: **TRL 5-7%*%*,

2. **Tpransfer-Free / Direct CVD Growth on Insulating Substrates (Quartz,
Ceramics, SiC):** Eliminates structural transfer defects; optimized for
extreme-temperature hypersonic seeker windows and turbine/laser optics.
Commercial Maturity: **TRL 4-5**,

3. **Wafer-Scale Single-Crystal CVD Growth (150mm / 200mm / 300mm Silicon, h-
BN, Sapphire):** Designed for high-frequency RF transistors, low-noise MMICs,
and focal plane array photodetectors. Commercial Maturity: **TRL 3-5**.

COMMERCIAL MATURITY & TRL PIPELINE

Defense Application Domain TRL Level Key Engineering Hurdle

Electro-Thermal Anti-Icing / De-Icing TRL 5-6 Automated R2R Substrate Transfer High-
Power GaN Radar Thermal Spreaders TRL 5-6 Interfacial Thermal Resistance Composite
Lightning Protection (LSP) TRL 5-6 CFRP Prepreg Co-Curing & Galvanic Stealth Radar
Absorbing Skins (RAM) TRL 4-5 Multi-Band Impedance Tuning | Optoelectronic / IR Sensor
Wafers TRL 3-5 Wafer-Scale Monolithic Defect Gap

### Unit Economics & Scaling Elasticity:

- **pilot Scale Cost Structure:** Current low-volume pilot synthesis costs
range between **$250-$400 per $m"2$** for R2R films and **$800-%$1,500 per
200mm wafer**,

- **Commercial Target Cost Structure:** At continuous R2R production scale
($>100,000\ m"2/\text{year}$), film manufacturing costs compress to **$40-$75
per $m~2$**, while wafer costs drop to **$150-$300 per unit**, unlocking
**70%+ gross margins** when sold into defense prime subcontracts [DoD OUSD,
2023; AFRL, 2023].

## 3. Defense Corporate Venture Arms, Funding Vehicles & Non-Dilutive DoD
Matching

To commercialize CVD graphene, emerging ventures can leverage a **dual-track
capital strategy**: combining Strategic Corporate Venture Capital (CVC)



equity investments with non-dilutive federal defense matching grants [DIU,
2024; AFRL, 2023].

e +
| DUAL-TRACK CAPITAL STRATEGY |
e e T +
I
Fom e Fom e +
I
v v
—_ r_ + | CORPORATE VC EQUITY (CVC) |
| NON-DILUTIVE DEFENSE MATCHING | + -+ +
——-+ | - Lockheed Martin Ventures | | - AFWERX / SpaceWERX STRATFI | | - RTX
Ventures ($100M Fund) | <———->| (1:1 to 2:1 CVC Equity Match) | | - AEI HorizonX

(Boeing) | Synergistic | - DIU Commercial Solutions (CSO) | | - BAE Systems Innovation
Fund | Capital | - DARPA MTO / DSO Contracts | | - L3Harris Ventures | Leverage | - Defense
Production Act Title3 | | - Thales Corporate Ventures | | - NATO Innovation Fund (€1B
Fund)| | - Safran Corporate Ventures | | - Army Applications Lab (AAL) | +

### In-Depth Breakdown of Funding Programs & Innovation Programs:

1. **Lockheed Martin Ventures (LMV):** $400M+ AUM. Provides $1M-$10M check
sizes for Series A-B deals. Co-funds Skunk Works supplier maturation programs
and matches AFWERX STRATFI awards up to $15M [Lockheed Martin Skunk Works,
2023].

2. **RTX Ventures:** $100M dedicated defense venture capital fund. Targets
early-stage advances in microelectronics thermal management, hypersonic
materials, and advanced sensors. Offers direct pilot line manufacturing
subcontracts [Collins Aerospace, 2023].

3. **AEI HorizonX (Boeing Partnership):** Joint venture between Boeing and AE
Industrial Partners focusing on aerospace structures, autonomous systems, and
advanced materials. Checks range from $2M to $16M with flight-test validation
access [Boeing Defense, 2023].

4., **BAE Systems Innovation Fund & FAST Labs:** Operates seed to growth
equity investment programs and contracts directly through DARPA, UK DASA, and
European defense programs [BAE Systems FAST Labs, 2024].

5. **L3Harris Ventures:** Focuses on tactical communications, optronics
hardware, and sensor technologies. Provides $1M-$5M equity capital plus
direct access to L3Harris's night vision manufacturing facilities [L3Harris
Technologies, 2023].

6. **AFWERX / SpaceWERX Strategic Funding Increase (STRATFI / TACFI):** U.S.
Air Force/Space Force program matching private CVC investments dollar-for-
dollar (up to $15M non-dilutive capital) for technologies transitioning to
programs of record [DoD OUSD, 2023].

7. **Defense Innovation Unit (DIU) Commercial Solutions Opening (CSO):**
Fast-track non-dilutive prototyping contracts ($1M-$25M) designed to
transition dual-use commercial technologies directly into DoD procurement



[DIU, 2024].

8. **NATO Innovation Fund (NIF):** A €1 billion multi-sovereign venture fund
investing in deep tech, advanced materials, and defense innovations across
NATO member states [EDA, 2023].

## 4. In-Depth Defense Company Profiles, Metrics & Financial Support
Mechanisms

### 4.1 Lockheed Martin Corporation

- **pWebsite:**
[https://www.lockheedmartin.com](https://www.lockheedmartin.com)

- **primary Business Units:** Skunk Works (Advanced Development Programs),
Missiles and Fire Control (MFC), Rotary and Mission Systems (RMS),
Aeronautics.

- **Core Defense Platforms & Applications:**

- *Stealth RAM Skins:* NGAD, F-35 upgrades, B-21 co-development, and
hypersonic glide vehicles [Lockheed Martin Skunk Works, 2023].

- *GaN Thermal Spreaders:* AN/SPY-7 AESA radar arrays and PAC-3 seeker
electronics [DoD 0OUSD, 2023].

- *QOptoelectronic Sensor Domes:* Conductive transparent coatings on optical
domes for Electro-Optical Targeting Systems (EOTS).

- **Adoption Possibility & Technology Transition:** **Very High (TRL 4-5)**.
Skunk Works actively tests 2D nanostructures to meet strict weight and radar
cross-section reduction mandates.

- **Quantified Annual Demand Metrics:**

- *Stealth RAM, EMI & Anti-Icing Films:* **20,000 - 35,000 $m"2$/year**,

- *Wafer-Scale Sensor / RF Substrates:* **2,500 - 5,000 200mm wafer
equivalents/year**,

- *Derivation Model:* Based on ~350 $m"2$ stealth skin area per airframe
across 60-80 tactical aircraft/UAVs, 15-20 $m~2$ per precision missile, and
100+ AESA radar T/R assemblies annually.

- **Investment & Financial Support Mechanism:**

- *Venture Arm:* **Lockheed Martin Ventures (LMV)** ($400M AUM).

- *Financial Support Pathway:* Direct equity investment ($1M-$10M check
sizes), DARPA/AFRL subcontract pass-through funding, Cooperative Research and
Development Agreements (CRADAs), and DoD STRATFI 1:1 matching.

- **Actionable Contact Targets:**

- Chris Moran, VP & GM, Lockheed Martin Ventures (" ventures@lmco.com’)

- Skunk Works Advanced Development Programs Directorate (Palmdale, CA)

- Supplier Innovation Portal: [https://www.lockheedmartin.com/en-
us/suppliers.html](https://www.lockheedmartin.com/en-us/suppliers.html)

### 4.2 RTX Corporation (Raytheon / Collins Aerospace / Pratt & Whitney)



- **Website:** [https://www.rtx.com](https://www.rtx.com)

- **primary Business Units:** Raytheon (Defense Electronics & Missiles),
Collins Aerospace (Aerostructures & Avionics), Pratt & Whitney.

- **Core Defense Platforms & Applications:**

- *De-Icing & Anti-Icing Systems (Collins Aerospace):* Electro-thermal wing
and inlet de-icing mats for military transports and rotorcraft [Collins
Aerospace, 2023].

- *AESA Radar GaN Thermal Spreaders (Raytheon):* LTAMDS, PhantomStrike, and
GhostEye radar T/R modules [DARPA MTO, 2024].

- *Hypersonic Seeker Barriers:* High-temperature CVD graphene barrier
coatings on ceramic matrix composites (CMCs).

- **Adoption Possibility & Technology Transition:** **Vepry High (TRL 5-6)*%*.
Collins Aerospace is validating non-metallic heating elements to replace
pneumatic bleed air across military fleets.

- **Quantified Annual Demand Metrics:**

- *De-Icing, EMI & Thermal Films:* **35,000 - 65,000 $m~2$/year**,

- *Sensor & RF Photonic Wafers:* **3,000 - 6,000 200mm wafer
equivalents/year**,

- *Derivation Model:* ~400 military rotorcraft/transports requiring 60
$m~2$ de-icing mats each, plus 500+ AESA radar T/R module sub-mounts and
missile seeker production runs.

- **Investment & Financial Support Mechanism:**

- *Venture Arm:* **RTX Ventures** ($100M Fund).

- *Financial Support Pathway:* Series A/B equity investments ($2M-$8M),
supplier development grants, joint pilot manufacturing contracts, and SBIR
Phase III transition matches.

- **Actionable Contact Targets:**

- Daniel Dozor, Head of RTX Ventures (" rtxventures@rtx.com’)

- Collins Aerospace Applied Research & Technology Directorate (Windsor
Locks, CT)

- Portal: [https://www.rtx.com/rtx-ventures](https://www.rtx.com/rtx-
ventures)

### 4.3 Northrop Grumman Corporation

- **pWebsite:**
[https://www.northropgrumman.com] (https://www.northropgrumman.com)
- **pPrimary Business Units:** Aeronautics Systems (B-21 Raider, MQ-4C
Triton), Mission Systems (SABR AESA radar, Trusted Microelectronics Foundry),
Defense Systems.
- **Core Defense Platforms & Applications:**
- *B-21 Raider & Autonomous Stealth Skins:* Next-gen continuous CVD
graphene RAM layers for broadband RCS reduction [Northrop Grumman ATL, 2023].
- *Trusted Microelectronics Foundry:* Wafer-scale single-crystal CVD
graphene integrated into GaAs/GaN MMICs and high-frequency microwave devices.
- *Space-Based Infrared Sensors:* Ultra-sensitive photodetectors for
missile warning and defense satellites.
- **Adoption Possibility & Technology Transition:** **High (TRL 4-5)*%*,



Northrop operates its own DoD-accredited Trusted Foundry, enabling direct
wafer-scale CVD integration.
- **Quantified Annual Demand Metrics:**

- *Stealth Airframe RAM & Composite LSP:* **25,000 - 45,000 $m~2$/year**.

- *Wafer-Scale RF/IR Substrates:* **2,000 - 4,500 200mm wafer
equivalents/year**,

- *Derivation Model:* Scaled across B-21 production schedule, MQ-4C Triton
airframes, EA-18G jammer pod retrofits, and space payload sensors.

- **TInvestment & Financial Support Mechanism:**

- *Venture Arm / Funding Channel:* **Northrop Grumman Corporate Development
/ Strategic Ventures**,

- *Financial Support Pathway:* Strategic equity investments,
AFWERX/SpaceWERX STRATFI co-funding, DARPA subcontracting, and supplier joint
development agreements.

- **Actionable Contact Targets:**

- Northrop Grumman Advanced Technology Labs (Linthicum, MD)

- Strategic Partnerships Team (Falls Church, VA)

- Supplier Innovation Portal:
[https://www.northropgrumman.com/suppliers](https://www.northropgrumman.com/s
uppliers)

### 4.4 General Dynamics Corporation

- **Website:** [https://www.gd.com](https://www.gd.com)

- **primary Business Units:** General Dynamics Land Systems (GDLS), General
Dynamics Mission Systems (GDMS), Electric Boat, NASSCO.

- **Core Defense Platforms & Applications:**

- *Armored Vehicle Thermal Camouflage:* Active electro-chromic CVD graphene
surface panels for Abrams M1A2 SEPv4, Stryker, and M10 Booker vehicles [DoD
OuUsSD, 2023].

- *Submarine & Naval C4ISR RF Shielding:* Continuous flexible CVD graphene
ribbons for EMI/HPM shielding of command networks.

- *Cryptographic Thermal Spreaders:* Compact heat interfaces for tactical
secure radios.

- **Adoption Possibility & Technology Transition:** **Moderate to High (TRL
4)**, GDLS is prioritizing active signature management against modern thermal
sights and drone threats.

- **Quantified Annual Demand Metrics:**

- *Armored Vehicle Thermal/EMI Surface Sheets:* **15,000 - 30,000
$m~2$/year**,

- *Flexible Conductive Shielding Tapes:* **10,000 - 20,000 linear
meters/year**,

- *Derivation Model:* Derived across 250-400 armored vehicle
builds/upgrades annually (~50 $m"2$ per vehicle) plus naval communication
cabling runs.

- **Tnvestment & Financial Support Mechanism:**

- *Funding Channel:* **General Dynamics Corporate Development / R&D

Innovation Funds**.



- *Financial Support Pathway:* Non-dilutive supplier development
subcontracts, Army Applications Laboratory (AAL) co-matching, and direct
procurement orders.

- **Actionable Contact Targets:**

- GDLS Technology Innovation Center (Sterling Heights, MI)

- GD Mission Systems Innovation Office (Fairfax, VA)

- Supplier Portal:
[https://www.gdms.com/suppliers](https://www.gdms.com/suppliers)

### 4.5 BAE Systems plc

- **Website:** [https://www.baesystems.com](https://www.baesystems.com)

- **primary Business Units:** FAST Labs (Foundational Science & Technology),
Electronic Systems, Platforms & Services (Combat Vehicles).

- **Core Defense Platforms & Applications:**

- *FAST Labs Smart Skins & EW Surfaces:* Continuous CVD graphene films for
dynamic RCS tuning on Tempest (GCAP) and tactical UAVs [BAE Systems FAST
Labs, 2024].

- *Armored Vehicle Thermal Sights:* CVD graphene photodetector arrays for
Bradley IFV and AMPV thermal camera cores.

- *Lightweight EW Enclosures:* Flexible EMI shielding for missile
electronics.

- **Adoption Possibility & Technology Transition:** **Very High (TRL 5)**.
FAST Labs is a primary research lead for UK MOD and US DARPA programs in 2D
nanomaterials and metamaterials.

- **Quantified Annual Demand Metrics:**

- *Smart Skins & Multi-Spectral EMI Films:* **15,000 - 30,000 $m~2$/year**.

- *QOptoelectronic Sensor Wafers:* **1,500 - 3,500 200mm wafer
equivalents/year**,

- *Derivation Model:* Tempest 6th-gen fighter prototype program, armored
vehicle sight builds, and missile guidance electronics runs.

- **Tnvestment & Financial Support Mechanism:**

- *Venture Arm:* **BAE Systems Innovation Fund**.

- *Financial Support Pathway:* Direct equity check sizes ($1M-$5M), UK
Defence and Security Accelerator (DASA) grants, US STRATFI matching, and JDA
research subcontracts.

- **Actionable Contact Targets:**

- FAST Labs R&D Directorate (Merrimack, NH & Filton, UK)

- Innovation Fund Team: [https://www.baesystems.com/en/what-we-
do/innovative-technology-and-concepts] (https://www.baesystems.com/en/what-we-
do/innovative-technology-and-concepts)

### 4.6 L3Harris Technologies, Inc.

- **Website:** [https://www.l3harris.com](https://www.1l3harris.com)



- **pPpimary Business Units:** Space & Airborne Systems, Integrated Vision
Solutions (IVS), Communication Systems, Aerojet Rocketdyne.
- **Core Defense Platforms & Applications:**

- *Night Vision & Thermal Sights (ENVG-B):* Wafer-scale single-crystal CVD
graphene photodetector arrays for uncooled SWIR/LWIR soldier sights [L3Harris
Technologies, 2023].

- *Transparent Sensor Optics Heating:* Single-layer conductive transparent
heaters on night vision lenses to eliminate icing and fogging.

- *Tactical Comms EMI Cable Shielding:* Flexible continuous graphene
ribbons replacing heavy braided wire shielding on tactical communication
cables.

- **Adoption Possibility & Technology Transition:** **High (TRL 5-6)**.
L3Harris dominates tactical soldier optics and communications, where weight
and low noise are core selling points.

- **Quantified Annual Demand Metrics:**

- *Optical Grade Transparent Heating Films:* **1,000 - 2,500 $m"2$/year**,

- *Wafer-Scale Sensor Substrates:* **3,000 - 7,000 150mm/200mm wafer
equivalents/year**,

- *Conductive Shielding Cable Ribbons:* **25,000 - 50,000 linear
meters/year**,

- *Derivation Model:* Based on ~30,000 soldier night vision systems
produced annually plus tactical comms cable manufacturing.

- **TInvestment & Financial Support Mechanism:**

- *Venture Arm:* **L3Harris Ventures**.

- *Financial Support Pathway:* Series A/B equity investments ($1M-$5M),
supplier development subcontracts, and DoD SBIR/STTR Phase III transition
matches.

- **Actionable Contact Targets:**

- L3Harris Ventures Investment Team (Melbourne, FL)

- Integrated Vision Solutions Technology Center (Londonderry, NH)

- Portal:
[https://www.13harris.com/company/ventures](https://www.13harris.com/company/
ventures)

#i## 4.7 The Boeing Company (Boeing Defense, Space & Security - BDS)

- **Website:**
[https://www.boeing.com/defense](https://www.boeing.com/defense)

- **ppimary Business Units:** Boeing Defense, Space & Security (BDS), Phantom
Works, Autonomous Systems (Insitu, Wisk).

- **Core Defense Platforms & Applications:**

- *Composite LSP & EMI Shielding:* Continuous CVD graphene prepreg sheets
replacing heavy copper mesh on MQ-25 Stingray, T-7A Red Hawk, and F/A-18EX
[Boeing Defense, 2023].

- *Autonomous UAV De-Icing:* Low-power electro-thermal heating mats for
ScanEagle and Integrator uncrewed platforms.

- *Structural Health Sensor Networks:* Co-cured strain sensors for real-
time airframe fatigue monitoring.



- **Adoption Possibility & Technology Transition:** **High (TRL 4-5)**,
Phantom Works targets airframe mass reduction to maximize drone endurance and
payload capability.
- **Quantified Annual Demand Metrics:**
- *Composite LSP, EMI & De-Icing Films:* **30,000 - 70,000 $m"2$/year**,
- *Derivation Model:* Calculated across MQ-25 (~80 $m~2$/airframe), T-7A
Trainer (~60 $m~2$/airframe), P-8A Poseidon, and Insitu UAV build rates.
- **Investment & Financial Support Mechanism:**
- *Venture Arm:* **AEI HorizonX** (Boeing JV with AE Industrial Partners).
- *Financial Support Pathway:* Equity capital ($2M-$16M check sizes), non-
dilutive supplier development grants, and flight test sponsorship.
- **Actionable Contact Targets:**
- AEI HorizonX Investment Committee (" horizonx@boeing.com™)
Boeing Phantom Works Advanced Materials Group (St. Louis, MO)
Portal: [https://aeihorizonx.com](https://aeihorizonx.com)

### 4.8 Thales Group

- **Website:** [https://www.thalesgroup.com](https://www.thalesgroup.com)
- **ppimary Business Units:** Thales Defense & Security, Thales Optronics,
Thales Land and Air Systems.
- **Core Defense Platforms & Applications:**

- *Naval Radar Radomes:* Conductive CVD graphene sheets for naval air
search radar radomes (Sea Fire AESA) [EDA, 2023].

- *Optronics Photodetectors:* Wafer-scale single-crystal graphene
photodetectors for thermal camera cores and IR missile seekers.

- *EW Jammer Heat Spreaders:* High thermal conductivity spreaders for
airborne EW jamming pods.
- **Adoption Possibility & Technology Transition:** **High (TRL 4-5)**.
Thales leads multiple European Defence Fund (EDF) consortiums evaluating 2D
nanomaterials for sensor hardware.
- **Quantified Annual Demand Metrics:**

- *Radar Radome & EW EMI Films:* **12,000 - 25,000 $m~2$/year**.

- *QOptronics Sensor Wafers:* **1,200 - 3,000 200mm wafer
equivalents/year**,

- *Derivation Model:* Naval radar systems, fighter EW pods, and soldier
optronics runs across European military clients.
- **Tnvestment & Financial Support Mechanism:**

- *Venture Arm:* **Thales Corporate Ventures** & European Defence Fund
(EDF) consortium grants.

- *Financial Support Pathway:* Corporate VC equity, EDF non-dilutive co-
funding grants, and French DGA research subcontracts.
- **Actionable Contact Targets:**

- Thales Corporate Ventures Team (Paris, France)

- Thales Research & Technology Center (Palaiseau, France)

- Portal:
[https://www.thalesgroup.com/en/global/innovation] (https://www.thalesgroup.co
m/en/global/innovation)



### 4.9 Rheinmetall AG

- **Website:** [https://www.rheinmetall.com](https://www.rheinmetall.com)
- **Primary Business Units:** Electronic Solutions, Vehicle Systems,
Protection Systems.

- **Core Defense Platforms & Applications:**

- *Armored Vehicle Thermal Signature Management:* Dynamic electro-thermal
CVD graphene sheets integrated on Lynx IFV, KF51 Panther, and Boxer 8x8
external panels [EDA, 2023].

- *Lightweight Composite Armor EMI Shielding:* Conductive graphene sheets
laminated onto spall liners and add-on armor modules.

- **Adoption Possibility & Technology Transition:** **Moderate to High (TRL
4)**, Rheinmetall is expanding its active signature management suite for
European NATO armored forces.

- **Quantified Annual Demand Metrics:**

- *Armored Surface Thermal & EMI Sheets:* **10,000 - 22,000 $m~2$/year**,

- *Derivation Model:* ~40 $m"2$ active thermal/EMI surface skin per vehicle
across ~300-500 Lynx/Boxer combat vehicle builds/upgrades per year.

- **Investment & Financial Support Mechanism:**

- *Funding Channel:* **Rheinmetall Corporate Ventures / Strategic
Technology Office**.

- *Financial Support Pathway:* Equity co-investments, German BMVg
technology grants, and joint development subcontracts.

- **Actionable Contact Targets:**

- Rheinmetall Electronic Solutions Innovation Center (Bremen, Germany)

- Rheinmetall Corporate Ventures (Diisseldorf, Germany)

- Portal:
[https://www.rheinmetall.com/en/company/innovation](https://www.rheinmetall.c
om/en/company/innovation)

### 4.10 Leonardo S.p.A. / Leonardo DRS

- **pebsite:** [https://www.leonardo.com](https://www.leonardo.com) |
[https://www.leonardodrs.com](https://www.leonardodrs.com)

- **Primary Business Units:** Airborne & Space Systems, Leonardo DRS Tactical
Systems, Land & Naval Defense Electronics.

- **Core Defense Platforms & Applications:**

- *Helicopter Rotor Blade De-Icing:* Continuous CVD graphene resistive
heating mats embedded in rotor blades (AW101l, FVL candidates) [Ferrari et
al., 2015].

- *Thermal Imaging Sensor Cores (DRS):* Wafer-scale graphene photodetector
integration for uncooled thermal camera cores.

- *AESA Radar Heat Spreaders:* In-plane CVD graphene heat spreaders for
Eurofighter Typhoon E-scan radar T/R modules.



- **Adoption Possibility & Technology Transition:** **High (TRL 4-5)**,
Leonardo DRS is a high-volume manufacturer of thermal camera cores, where
wafer-scale 2D integration improves optical sensitivity.
- **Quantified Annual Demand Metrics:**

- *Rotor Blade De-Icing & EMI Films:* **8,000 - 18,000 $m"2%$/year**,

- *Sensor & RF Wafer Substrates:* **1,500 - 3,500 200mm wafer
equivalents/year**,

- *Derivation Model:* ~120 military rotorcraft builds annually (~50 $m~2$
per rotor blade set/airframe) plus 15,000+ thermal detector core units.
- **Tnvestment & Financial Support Mechanism:**

- *Venture Arm:* **Leonardo Corporate Venture Capital (CVC)**,

- *Financial Support Pathway:* VC equity capital, Italian MoD research
grants, European Defence Fund co-funding, and JDA subcontracts.
- **Actionable Contact Targets:**

- Leonardo Innovation Governance (Rome, Italy)

- Leonardo DRS Thermal Investment Team (Dallas, TX / Arlington, VA)

- Portal:
[https://www.leonardo.com/en/innovation](https://www.leonardo.com/en/innovati
on)

### 4.11 Elbit Systems Ltd.

- **Website:** [https://elbitsystems.com](https://elbitsystems.com)

- **Primary Business Units:** Aerospace, Land & C4I, EW & SIGINT, Optronics
(Elop).

- **Core Defense Platforms & Applications:**

- *Helmet Display Visor Heaters & Transparent Coatings:* Single-layer CVD
graphene clear transparent heaters on pilot visors (F-35 HMDS, TARGO) to
eliminate misting [Elbit Systems Review, 2023].

- *Thermal Weapon Sights & Drone Photodetectors:* Wafer-scale graphene
photodetectors for compact soldier sights and drone EO/IR pods.

- *UAV Composite EMI Shielding:* Lightweight flexible graphene shielding
for Hermes 900 and Hermes 450 tactical UAVs.

- **Adoption Possibility & Technology Transition:** **Very High (TRL 5-6)**.
Elbit leads global market share in pilot helmet displays and tactical
optronics, where rapid heat dissipation and visor clarity are key
differentiators.

- **Quantified Annual Demand Metrics:**

- *QOptical Grade Visor & Transparent Heater Films:* **5,;000 - 12,000
$m~2$/year**,

- *Wafer-Scale Optoelectronic Substrates:* **2,000 - 4,000 150mm/200mm
wafer equivalents/year**,

- *Derivation Model:* Pilot helmet display production across global
tactical aircraft programs, 20,000+ soldier thermal optics, and Hermes UAV
airframes.

- **Tnvestment & Financial Support Mechanism:**
- *Venture Arm:* **Incabit (Elbit Systems Innovation Incubator / VC)**.
- *Financial Support Pathway:* Seed/Series A equity via Incabit, Israeli



Innovation Authority grants, and non-dilutive supplier development
subcontracts.

- **Actionable Contact Targets:**

Incabit Technology Incubator (" incabit@elbitsystems.com™)
Elbit Systems Electro-Optics Elop Division (Rehovot, Israel)
Portal: [https://incabit.com](https://incabit.com)

#i## 4.12 General Atomics (GA-ASI / GA-EMS)

- **Website:** [https://www.ga.com](https://www.ga.com) | [https://www.ga-
asi.com](https://www.ga-asi.com)

- **primary Business Units:** GA Aeronautical Systems (GA-ASI), GA
Electromagnetic Systems (GA-EMS).

- **Core Defense Platforms & Applications:**

- *UAV Wing & Inlet De-Icing:* Continuous CVD graphene heating mats
integrated into composite leading edges of MQ-9B SkyGuardian to achieve all-
weather STANAG 4671 civil/military certification [GA-ASI, 2023].

- *Lightweight Composite LSP & EMI Skins:* Flexible graphene interlayers
replacing heavy copper mesh across long-endurance composite airframes.

- *Directed Energy Laser Heat Spreaders:* Thermal interface sheets for
high-power solid-state laser weapons.

- **Adoption Possibility & Technology Transition:** **Very High (TRL 5-6)**.
GA-ASI's primary design goal for MQ-9B is all-weather airworthiness,
requiring low-power electro-thermal wing de-icing.

- **Quantified Annual Demand Metrics:**

- *UAV De-Icing, EMI & Composite LSP Sheets:* **15,000 - 35,000
$m~2$/year**,

- *Derivation Model:* 50-80 large long-endurance UAV builds/year (~250
$m~2$ wing/fuselage composite surface area per MQ-9B) plus ground stations
and laser systems.

- **Tnvestment & Financial Support Mechanism:**

- *Funding Channel:* **General Atomics Strategic Development Fund /
Corporate R&D**,

- *Financial Support Pathway:* Non-dilutive supplier joint development
contracts, AFWERX STRATFI matching, and direct procurement subcontracts.

- **Actionable Contact Targets:**

GA-ASI Advanced Programs Group (Poway, CA)

GA Electromagnetic Systems Directorate (San Diego, CA)
Portal: [https://www.ga-asi.com/contact-us](https://www.ga-
asi.com/contact-us)

## 5. Sharper Strategic Investment & Recommendation Matrix

The following matrix synthesizes the commercial adoption potential,
volumetric market scale, corporate venture capital (CVC) participation



likelihood, and recommended strategic entry actions for defense technology
investors and startup founders:

| Target Defense Prime | Adoption Feasibility | Annual Market Volume Scale |
Strategic Defense Alignment | CVC Equity Likelihood | Grant / Non-Dilutive
Match Potential | Recommended Execution Action |
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| **Lockheed Martin** | **Very High (TRL 4-5)** | $20\text{k}-35\text{k}\
mr2$; $2.5\text{k}-5\text{k}$ Wafers | Stealth RAM, GaN Heat Removal | **High
(LMV $400M)** | **High (STRATFI Match)** | **Lead Series A/B CVC Investment +
STRATFI Co-Match** |

| **RTX Corporation** | **Very High (TRL 5-6)** | $35\text{k}-65\text{k}\
m~2$; $3\text{k}-6\text{k}$ Wafers | De-Icing, AESA LTAMDS Radar | **High
(RTX $100M)** | **High (SBIR III / DIU)** | **Co-Invest via RTX Ventures +
Collins JDA** |

| **Northrop Grumman**| **High (TRL 4-5)** | $25\text{k}-45\text{k}\ m~2$;
$2\text{k}-4.5\text{k}$ Wafers | B-21 Stealth, Trusted Foundry | **Moderate-
High** | **High (DARPA / STRATFI)** | **Wafer Foundry Pilot JDA + DARPA
Subcontract** |

| **General Dynamics**| **Moderate-High (TRL 4)**| $15\text{k}-30\text{k}\
m~2$; $10\text{k}-20\text{k}$ m Cable| Armored Active Camouflage |
**Moderate** | **High (AAL Match)** | **Execute AAL Grant + Non-Dilutive Land
Subcontract** |

| **BAE Systems** | **Very High (TRL 5)** | $15\text{k}-30\text{k}\ m~ 2$;
$1.5\text{k}-3.5\text{k}$ Wafers | Tempest Smart Skins, Optics | **High (BAE
Fund)** | **High (UK DASA / STRATFI)**| **Target Seed/Series A Equity + DASA
Grant Consortium** |

| **L3Harris Tech** | **High (TRL 5-6)** | $1\text{k}-2.5\text{k}\ m*2$;
$3\text{k}-7\text{k}$ Wafers | Night Vision, Comms Cable EMI| **High (L3H
Ventures)**| **Moderate-High** | **Direct Equity Investment + IVS Supplier
Pilot** |

| **Boeing (BDS)** | **High (TRL 4-5)** | $30\text{k}-70\text{k}\ m"2$ |
Composite LSP/EMI, UAV De-Ice | **High (AEI HorizonX)**| **High (FAA CLEEN /
DIU)** | **CVC Equity via AEI HorizonX + Flight Test JDA** |

| **Thales Group** | **High (TRL 4-5)** | $12\text{k}-25\text{k}\ m"2$;
$1.2\text{k}-3\text{k}$ Wafers | Naval Radome EMI, Optronics | **Moderate-
High** | **High (EDF Grants)** | **Form EDF Consortium + Thales CVC Co-
Investment** |

| **Rheinmetall AG** | **Moderate-High (TRL 4)**| $10\text{k}-22\text{k}\
m~2$ | Armored Vehicle Thermal Armor| **Moderate** | **High (BMVg Grants)** |
**Execute Non-Dilutive Vehicle Signature Subcontract**|

| **Leonardo / DRS** | **High (TRL 4-5)** | $8\text{k}-18\text{k}\ m"2$;
$1.5\text{k}-3.5\text{k}$ Wafers | Rotor De-Ice, DRS Camera Cores|
**Moderate-High** | **High (EDF Co-Funding)** | **Co-Invest via Leonardo CVC
+ DRS Thermal Pilot** |

| **Elbit Systems** | **Very High (TRL 5-6)** | $5\text{k}-12\text{k}\ m"2$;
$2\text{k}-4\text{k}$ Wafers | Pilot Visors, Optronics Sensors| **High
(Incabit VC)** | **High (IIA Grants)** | **Incabit Incubator Seed Round +
Visor JDA** |

| **General Atomics** | **Very High (TRL 5-6)** | $15\text{k}-35\text{k}\



m~2$ | MQ-9B Wing De-Icing, DEW Optics| **Moderate-High** | **High (AFWERX
STRATFI)**| **Execute Non-Dilutive JDA + STRATFI Co-Match** |
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# INVESTMENT MEMORANDUM: COMMERCIAL OPPORTUNITIES & CORPORATE ADOPTION OF CVD
GRAPHENE IN THE ENERGY SECTOR

*¥**TO:** Investment Committee / Strategic Venture Partners

**FROM: ** Advanced Materials & Cleantech Investment Team

**DATE: ** March 2026

**SUBJECT:** Commercialization Pathways, Corporate Adoption Feasibility,
Volume Forecasting, and CVC Funding Arms for Chemical Vapor Deposition (CVD)
Graphene in Energy Applications

## 1. Executive Summary & Investment Thesis

### 1.1 Executive Summary

Chemical Vapor Deposition (CVD) graphene is moving rapidly from laboratory
innovation to industrial deployment across the $8+ trillion global energy
sector. Unlike bulk graphene nanoplatelets or graphene oxide (GO) powders—
which serve primarily as mechanical composite additives or conductive slurry
inks—CVD graphene produces continuous, large-area, single-to-few-layer atomic
films with near-theoretical 2D crystalline perfection [1, 2]. These pristine
2D sheets possess unmatched room-temperature electron mobility
($>10,000\text{ cm}*2/\text{V}\cdot\text{s}$), extraordinary in-plane thermal
conductivity ($3,000 - 5,000\text{ W/m}\cdot\text{K}$), complete gas/liquid
impermeability when defect-free, and high mechanical flexibility [2, 3].

This investment memorandum presents a detailed strategic assessment of six
market-leading global energy corporations: **Shell plc**, **Contemporary
Amperex Technology Co., Limited (CATL)**, **plug Power Inc.**, **First Solar,
Inc.**, **Siemens Energy AG**, and **SLB**., We evaluate their technical
integration pathways, quantify annual material demand across standardized
energy metrics ($\text{m}"2/\text{year}$ and $200\text{mm}$ wafer-
equivalents), evaluate corporate venture capital (CVC) funding mechanisms ($>
\$1.2\text{B}$ in aggregated available fund capital), and detail actionable
contact targets for venture syndication.

### 1.2 Core Investment Thesis
1. **Critical Energy Transition & Durability Catalysts:** Global mandates to
lower the Levelized Cost of Energy (LCOE) for renewables and the Levelized



Cost of Hydrogen (LCOH) below $\$2.00/\text{kg}$ [4], combined with severe
corrosion and thermal degradation in extreme operational environments,
require step-change material platforms [3, 5]. CVD graphene directly solves
these bottlenecks.

2. **Multi-Billion-Dollar Total Addressable Market (TAM):** Deploying
continuous CVD graphene across fast-charging EV batteries, hydrogen
electrolyzer/fuel cell bipolar plates, perovskite solar module transparent
electrodes, subsea pipeline coatings, and downhole GFET sensors creates an
estimated multi-million square meter annual material demand by 2030,
supporting a market opportunity exceeding $\$3.8\text{B}$ annually [2, 6, 7].
3. **High Corporate Capital Readiness & Co-Investment Architecture:**
Corporate venture arms and open innovation programs—including Shell Ventures,
CATL Venture Fund, Siemens Energy Ventures, SLB Corporate Venturing, and Plug
Power JDA programs—have active capital pools allocated to clean energy
advanced materials, providing non-dilutive grant, equity, and off-take co-
funding mechanisms [8, 9, 10, 11].

## 2. Technology Platform & Commercial Value Proposition

CVD graphene is synthesized via high-temperature ($800"\circ\text{C} -
1050™M\circ\text{C}$) catalytic decomposition of hydrocarbon precursors (e.g.,
$\text{CH}_4%$) on copper or nickel catalytic foils, followed by automated
Roll-to-Roll (R2R) or wafer-scale transfer to functional target substrates
[1, 3].

CVD GRAPHENE SINTERING & GROWTH
CH4 + H2 on Cu/Ni Catalyst Foil (800-1050°C) --> Monolayer Graphene

R T oo +

|

v \)
—_— et +| ROLL-TO-ROLL (R2R)

TRANSFER | | WAFER-SCALE TRANSFER | | Flexible Copper/Aluminum Foils, Ti | | Si/Si02
/ CMOS Substrates | | Substrates, Porous Polymer Backing | | GaN/SiC Power

Semiconductor | +————m————————— ++ +| | +————
+———t t———t———+ | | | | VVVV+—————- ++ + + —+
—_— + | Fast-Charging | | PEM Hydrogen | | Downhole GFET | | HVDC / Grid | |
Battery Current | | Electrolyzer & | | Sensors (H2S, | | Power Device | | Collectors | | Fuel Cell
Plates| | CH4, CO2 Leaks) | | Thermal Layers | + ++ + +

-+ —— +||vv+ + + ————+| Solar PV TCE & | | Subsea & Gas |
| Encapsulation | | Pipeline Anti- | | (Perovskites) | | Corrosion | + + +

—t

### Key Energy Application Benchmarks



| Energy Domain | Performance Metric | Legacy Benchmark | CVD Graphene
Advantage | Reference Citation |
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| **EV Battery Current Collectors** | Interfacial Electrical Resistance &
Fast Charge Rate | Bare Cu/Al Foil ($>25\ \Omega\cdot\text{cm}” 2%, $>30\text{
min}$ charge) | CVD Graphene Coating ($<3\ \Omega\cdot\text{cm}~2$,
$<10\text{ min}$ charge) | Vlassiouk et al. [6] |

| **PEM Electrolyzer Bipolar Plates** | Interfacial Contact Resistance (ICR)
& Acid Corrosion Rate | Titanium/Gold/Platinum Coating ($>20\text{
m}\Omega\cdot\text{cm}"2$, $>5\ \mu\text{m/yr}$) | Monolayer CVD Graphene
($<5\text{ m}\Omega\cdot\text{cm}*2$, $<0.1\ \mu\text{m/yr}$) | Park et al.
[5] |

| **Perovskite PV Module TCE** | Optical Transparency & Sheet Resistance |
Indium Tin Oxide (ITO) ($85\%-90\%$, $15-30\ \Omega/\text{sq}$, Brittle) |
CVD Graphene ($>97.7\%$, $<20\ \Omega/\text{sq}$, Flexible) | You et al. [7]
|

| **Downhole Chemical Sensing** | Gas Detection Limit & Thermal Operating
Ceiling | Metal Oxide Sensors ($>10\text{ ppm}$, $<150~\circ\text{C}$, High
Power) | GFET Microchip ($<@.5\text{ ppb}$, $>200~\circ\text{C}$, Low Power)
| Novoselov et al. [1] |

| **Power Electronics Heat Dissipation** | Substrate Thermal Conductivity &
Hotspot Temp | AIN / Al1203 Ceramics ($180-320\text{ W/m}\cdot\text{K}$) | CVvD
Graphene / Diamond ($>3,000\text{ W/m}\cdot\text{K}$) | Ferrari et al. [2] |

## 3. Detailed Target Company Profiles & Adoption Assessments

### 3.1 Shell plc (Shell Ventures & Shell GameChanger)

* **Ticker / HQ:** NYSE: SHEL / LSE: SHEL | London, United Kingdom / Houston,
TX, USA

* **Market Capitalization / Revenue:** ~$210\text{B}$ Market Cap |
~$316\text{B}$ Annual Revenue [8]

* *¥*Strategic Fit:** **Tier-1 Core Major.** Shell is actively decarbonizing
its global oil and gas infrastructure while expanding into deepwater wind and
large-scale green hydrogen projects (e.g., Holland Hydrogen I - 200 MW).

* **CVD Graphene Application:**

1. Impermeable anti-corrosion and hydrogen barrier coatings on subsea
flowlines and high-pressure hydrogen storage tanks.

2. Conductive anti-corrosion coatings on titanium/steel bipolar plates in
green hydrogen electrolyzers.

3. Harsh-environment GFET sensors integrated into subsea assets and wells
for real-time $\text{H} 2\text{S}$, $\text{CH} 4%, and $\text{CO} 2%
monitoring.

* **Adoption Feasibility & Pathway:** High feasibility over a 3-5 year
timeframe. Feasibility requires validating DNV/API compliance and
demonstrating $>10,000%-hour continuous corrosion/hydrogen embrittlement
protection [3, 8].



* **Annual Quantity Demand Forecast:**

* *Ynit Metrics:* Coated Metal Surface Area ($\text{m}~2/\text{year}$) and
$200\text{mm}$ Wafer-Equivalents/year.

* *Calculation:* Deploying 500 MW/year of green hydrogen electrolyzers
($150\text{ m}~2/\text{MW}$) plus 50 km/year of subsea pipeline barrier
coatings requires **$150,000 - 500,000\text{ m}"*2/\text{year}$**.
Downhole/asset GFET sensors require **$100 - 300\text{ }200\text{mm}\text{
wafer-equivalents/year}$** ($\sim 50,000 - 150,000% sensor dies/year) [8].

* **Corporate Venture & Funding Arm:**

* **Fyunds:** **Shell Ventures** (Corporate Venture Capital) & **Shell
GameChanger** (Early-Stage Incubator) [8].

* **Fynding Capacity & Mechanism:** Series A-C equity tickets ($2\text{M} -
10\text{M}$), non-dilutive prototyping grants via GameChanger ($100\text{k} -
500\text{k}$), Joint Development Agreements (JDAs), and pilot field-trial
financing.

* **Target Contact Targets:**

* Managing Director, Shell Ventures, Houston, TX / Amsterdam, Netherlands.

* Open Innovation Lead, Shell GameChanger, Shell Technology Center,
Houston, TX.

* General Manager, Hydrogen & Decarbonization R&D, Shell Technology Centre
Amsterdam (STCA).

### 3.2 Contemporary Amperex Technology Co., Limited (CATL)

* **Tjcker / HQ:** 300750.SZ | Ningde, Fujian, China

* **Market Capitalization / Revenue:** ~$110\text{B}$ Market Cap |
~$56\text{B}$ Annual Revenue [9]

* **Strategic Fit:** **Tier-1 Volume Anchor.** CATL holds $>36\%$ of the
global EV battery market, driving innovations in fast-charging (Shenxing) and
solid-state batteries.

* *¥*CVD Graphene Application:**

1. Continuous R2R CVD monolayer/few-layer graphene ultra-thin coatings on
copper and aluminum current collector foils to minimize contact resistance,
eliminate foil oxidation, and enable sub-10 minute extreme fast charging
(XFC).

2. Dendrite-suppressing lithium-metal anode interfaces in next-generation
solid-state batteries [6].

* **Adoption Feasibility & Pathway:** High feasibility (2-4 year scale-up
horizon). CATL requires continuous high-speed R2R transfer onto $6\
\mu\text{m}$ copper foils matching Gigafactory line speeds ($>20\text{
m/min}$) [6, 9].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Coated Current Collector Foil Surface Area
($\text{m}"*2/\text{year}s).

* *Calculation:* CATL's total annual production capacity exceeds 300
GWh/year ($1,000,000\text{ m}"2/\text{GWh}$ of foil). A 2% to 5% integration
into CATL's premium fast-charging/solid-state cell lines (6-15 GWh) demands
**$5,000,000 - 15,000,000\text{ m}"*2/\text{year}$** of continuous CVD
graphene-coated foil [9].



* **Corporate Venture & Funding Arm:**

* **Fund:** **CATL Strategic Investment Division / CATL New Energy Venture
Fund** [9].

* **Funding Capacity & Mechanism:** Direct Series A-C equity investments
($5\text{M} - 25\text{M}$), joint venture (JV) production facilities, R&D
grants via Ningde Research Institute, and commercial off-take pre-financing.
* **Target Contact Targets:**

* Chief Technology Officer & Head of Strategic Investment, CATL HQ, Ningde,
Fujian.

* VP of Advanced Materials R&D, CATL Innovation Center, Shanghai.

* Director of Global Material Qualification & Supply Chain, Ningde.

### 3.3 Plug Power Inc.

* **Ticker / HQ:** NASDAQ: PLUG | Latham, New York, USA

* **Market Capitalization / Revenue:** ~$3.2\text{B}$ Market Cap |
~$1.1\text{B}$ Annual Revenue [10]

* **Strategic Fit:** **Tier-1 Pure-Play Hydrogen Partner.** Plug Power is a
turnkey green hydrogen ecosystem builder with dedicated Gigafactory
manufacturing in Rochester, NY.

* *¥*CVD Graphene Application:** Conformal monolayer/few-layer CVD graphene
nanocoatings on stainless steel and titanium bipolar plates in PEM fuel cell
engines and PEM electrolyzers [5, 10].

* **Adoption Feasibility & Pathway:** High feasibility (1-3 years). Direct
replacement of precious metal (Au/Pt) plate coatings, dropping Interfacial
Contact Resistance (ICR) below $5\text{ m}\Omega\cdot\text{cm}~2$ and
preventing acidic corrosion ($pH\ 2-3%) [5].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Coated Bipolar Plate Surface Area
($\text{m}"*2/\text{year}$).

* *Calculation:* A 1 MW PEM stack requires $\sim 150 - 250\text{ m}"2$ of
bipolar plate area. Based on Plug Power’s target annual stack manufacturing
volume of 500 MW to 1,500 MW, required volume is **$100,000 - 350,000\text{
m}~2/\text{year}$** [10].

* **Corporate Venture & Funding Arm:**

* **pprogram:** **Plug Power Ventures / Strategic Technology Office** & DOE
Co-Funded Grants [10, 12].

* **Funding Capacity & Mechanism:** Strategic equity co-investment
($1\text{M} - 5\text{M}$), joint applications for U.S. DOE Hydrogen Shot co-
funding grants, milestone JDA funding, and off-take agreements.

* **Target Contact Targets:**

* Chief Technology Officer, Plug Power HQ, Latham, NY.

* VP of Electrolyzer Stack Architecture & Advanced Materials, Rochester
Gigafactory, NY.

* Director of Strategic Partnerships & Corporate Development, Latham, NY.



### 3.4 First Solar, Inc.

* **Tjcker / HQ:** NASDAQ: FSLR | Tempe, Arizona, USA

* **Market Capitalization / Revenue:** ~$24\text{B}$ Market Cap |
~$3.8\text{B}$ Annual Revenue [13]

* **Strategic Fit:** **Tier-1 Solar Technology Leader.** First Solar is the
largest U.S. solar module manufacturer, pioneering advanced thin-film CdTe
and tandem perovskite-silicon PV modules.

* **CVD Graphene Application:**

1. Flexible, highly transparent conductive electrode (TCE) replacing Indium
Tin Oxide (ITO) in thin-film and perovskite solar cells ($>97.7\%$%
transparency, $<20\ \Omega/\text{sq}$) [7].

2. Ultra-barrier encapsulation film ($WVTR < 10~{-6}\text{

g}/ \text{m}~2/\text{day}$) to prevent moisture/oxygen ingress into perovskite
absorber layers [7, 13].

* **Adoption Feasibility & Pathway:** Medium-term horizon (3-5 years).
Requires defect-free roll-to-glass transfer integrated into continuous glass
coating lines without throughput slowdowns [7, 13].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Active Transparent Conductive / Encapsulation Surface Area
($\text{m}"*2/\text{year}s).

* *Calculation:* First Solar’s annual capacity reaches 14 GW to 20 GW
($\sim 50\text{M} - 70\text{M}\text{ m}"2%$ glass). Deploying CVD graphene
across a 1% to 3% pilot/commercial rollout of next-gen tandem modules yields
**$500,000 - 1,500,000\text{ m}"*2/\text{year}$** [13].

* **Corporate Venture & Funding Arm:**

* **¥ppogram:** **First Solar Innovation Ventures / R& Innovation Grants**
[13].

* **Funding Capacity & Mechanism:** Direct corporate venture equity
($2\text{M} - 8\text{M}$), joint R&D grants, co-development IP agreements,
and manufacturing scale-up pre-financing.

* **Target Contact Targets:**

* VP of Global Technology Development & Research, First Solar R&D Center,
Perrysburg, OH.

* /P of Corporate Development & Strategic Alliances, Tempe, AZ.

* Lead Materials Scientist, Perovskite & Barrier Layers, Santa Clara, CA.

### 3.5 Siemens Energy AG
* **Ticker / HQ:** ETR: ENR | Munich, Germany
* **Market Capitalization / Revenue:** ~$28\text{B}$ Market Cap |
~$36\text{B}$ Annual Revenue [11]
* **Strategic Fit:** **Tier-1 Grid & Hydrogen Integrator.** Siemens Energy
dominates power transmission, HVDC transformers, gas turbines, and green
hydrogen electrolyzers (Elytron™).
* **CVD Graphene Application:**
1. Protective anti-corrosion nanocoatings on Elytron™ electrolyzer plates.
2. High-thermal-conductivity substrates ($>3,000\text{ W/m}\cdot\text{K}$)
for Silicon Carbide (SiC) and Gallium Nitride (GaN) power electronics in HVDC
power converter stations [2, 11].



* **Adoption Feasibility & Pathway:** High feasibility (2-4 years). Thermal
dissipation in SiC/GaN power modules is a primary limit on power density in
grid electronics; wafer-scale CVD graphene provides immediate thermal relief
[2, 11].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* Coated Electrolyzer Surface Area
($\text{m}~2/\text{year}$) and $200\text{mm}$ Wafer-Equivalents/year.

* *Calculation:* 200 MW to 600 MW/year of Elytron™ electrolyzers requires
**$10,000 - 120,000\text{ m}~2/\text{year}$**. Grid SiC/GaN power electronics
require **$500 - 1,500\text{ }200\text{mm}\text{ wafer-equivalents/year}$**
[11].

* **Corporate Venture & Funding Arm:**

* *¥*Fund:** **Siemens Energy Ventures** & EU Clean Hydrogen Partnership
Programs [11, 14].

* *¥*Fynding Capacity & Mechanism:** Series A-B CVC equity ($2\text{M} -
10\text{M}$), EU Horizon Europe matching grants, pilot project sponsorship,
and preferred supplier agreements.

* **Target Contact Targets:**

* Head of Siemens Energy Ventures, Munich, Germany / Palo Alto, CA.

* VP of Hydrogen Solutions & Electrolyzer R&D, Siemens Energy Innovation
Center, Erlangen, Germany.

* Lead Power Electronics Architect, Grid Technologies Division, Berlin,
Germany.

#i## 3.6 SLB (Schlumberger Limited)

* **Ticker / HQ:** NYSE: SLB | Houston, Texas, USA / Paris, France

* **Market Capitalization / Revenue:** ~$70\text{B}$ Market Cap |
~$35\text{B}$ Annual Revenue [15]

* **Strategic Fit:** **Tier-1 Subsurface & Energy Technology Leader.** SLB is
the leading energy technology services provider, expanding into digital
oilfields, geothermal, and carbon capture.

* **CVD Graphene Application:**

1. High-temperature, high-pressure GFET chemical sensors for real-time
downhole trace gas detection ($\text{H}_2\text{S}, \text{CH} 4, \text{CO}_2%)
up to $200~\circ\text{C}$ and $15,000\text{ psi}$ [1, 15].

2. Anti-erosion and anti-scaling CVD graphene nanocoatings on drill string
tools, logging sub assemblies, and geothermal heat exchangers [3, 15].

* **Adoption Feasibility & Pathway:** High feasibility (1-3 years for GFET
sensors; 3-5 years for hardware coatings). GFET microchips on CMOS substrates
offer microsecond response times and ultra-low power consumption [1, 15].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents/year and Coated Hardware
Area ($\text{m}~2/\text{year}$).

* *Calculation:* 100,000 to 300,000 downhole GFET sensor dies/year require
**$200 - 600\text{ }200\text{mm}\text{ wafer-equivalents/year}$**.
Specialized drill tool/heat exchanger coatings require **$20,000 -
60,000\text{ m}"2/\text{year}$** [15].

* **Corporate Venture & Funding Arm:**



* **Fund:** **S|LB Corporate Venturing** & **SLB Innovation Factori** [15].

* **Fynding Capacity & Mechanism:** Direct equity investments ($3\text{M} -
12\text{M}$), incubation through Innovation Factori, commercial field-trial
sponsorship, and global distribution integration.
* **Target Contact Targets:**

* Managing Director, SLB Corporate Venturing, Houston, TX.

* Global Technology Director, Downhole & Subsea Hardware, SLB Cambridge
Research Center, UK.

* VP of Open Innovation, SLB Innovation Factori, Sugar Land, TX.

## 4. Sharper Recommendation Matrix & Investment Decision Framework

To assist the Investment Committee in prioritizing capital deployment and
commercial co-development, the table below provides a multi-variable decision
matrix categorizing target companies by strategic adoption tier, risk-
adjusted value profile, capital requirements, and due diligence gate
criteria.

#t## Recommendation Matrix

| Company Name | Strategic Adoption Tier | Commercial Value vs. Risk Profile
| Recommended Support Mechanism | Projected Annual Demand Range | Capital
Commitment Expectation ($M) | Primary Due Diligence Gate Criteria |
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| **CATL** | **Tier 1: High-Volume Anchor** | Ultra-High Value / Medium Tech
Risk | CVC Series B/C Equity + JV Off-Take Pre-financing | $5\text{M}-
15\text{M}\text{ m}~2/\text{yr}$ (Coated Foil) | $\$15.0\text{M} -
\$30.0\text{M}$ | R2R transfer speed $>20\text{ m/min}$ on $6\ \mu\text{m}$
Cu foil; zero pinholes |

| **Plug Power Inc.** | **Tier 1: Fast-To-Market Scaler** | High Value / Low
Tech Risk | Joint Development Agreement (JDA) + DOE Matching Grants |
$100\text{k}-350\text{k}\text{ m}*2/\text{yr}$ (Coated Plates) |
$\$3.0\text{M} - \$8.0\text{M}$ | Interfacial Contact Resistance $<5\text{
m}\Omega\cdot\text{cm}*2$; $pH\ 2$ acid stability |

| **Shell plc** | **Tier 1: Core Major** | High Value / Medium Tech Risk |
Shell Ventures Series A/B Equity + GameChanger Grant | $150\text{k}-
500\text{k}\text{ m}*2/\text{yr}$ (Barrier)<br>$100-300\text{ Wafers/yr}$ |
$\$5.0\text{M} - \$12.0\text{M}$ | DNV corrosion/hydrogen permeability
clearance; $>10,000\text{ hr}$ trial |

| **SLB** | **Tier 1: High-Margin Sensor Leader** | High Value / Low-to-Med
Tech Risk | SLB Corporate Venturing Equity + Innovation Factori | $200-
600\text{ Wafers/yr}$ ($200\text{mm}$)<br>$20\text{k}-60\text{k}\text{
m}~2/\text{yr}$ | $\$4.0\text{M} - \$10.0\text{M}$ | GFET chip survival at
$200”\circ\text{C}$ / $15,000\text{ psi}$; sub-ppb sensitivity |

| **Siemens Energy AG** | **Tier 2: Infrastructure Scaler** | Medium-High
Value / Med Tech Risk | Siemens Energy Ventures Equity + EU Hydrogen Grants |
$40\text{k}-120\text{k}\text{ m}~2/\text{yr}$ (Electrolyzer)<br>$500-



1,500\text{ Wafers/yr}$ | $\$5.0\text{M} - \$10.0\text{M}$ | Thermal
conductivity $>3,000\text{ W/m}\cdot\text{K}$ on SiC/GaN power modules |

| **First Solar, Inc.** | **Tier 2: Long-Term Growth Option** | Very High
Value / High Tech Risk | R& Innovation Grants + Co-Development IP |
$500\text{k}-1.5\text{M}\text{ m}~2/\text{yr}$ (PV Glass) | $\$2.0\text{M} -
\$6.0\text{M}$ | Transparency $>97.7\%$, $WVTR < 10~{-6}\text{

g}/ \text{m}~2/\text{day}$ on glass |

### Strategic Investment Quadrant Analysis

HIGH STRATEGIC VALUE

(Fast-To-Market Scaler) | (High-Volume Anchor) PLUG POWER INC. | CATL SLB | SHELL
PLC| —————— -+ ——- LOW TECHNICAL RISK (Infrastructure
Scaler) | (Long-Term Option) HIGH TECHNICAL RISK SIEMENS ENERGY AG | FIRST SOLAR,
INC. | | MODERATE VALUE

### Due Diligence Gate Criteria (TRL / MRL Milestones)

1. **TRL 4 to TRL 6 Transition Gate:** Demonstration of continuous monolayer
CVD graphene synthesis on copper foil with Raman spectroscopy $I D/I_G <
0.05% and sheet resistance uniformity variation $<5\%$ across 100-meter foil
rolls [1, 6].

2. **MRL 5 to MRL 7 Manufacturing Gate:** Successful polymer-free or clean-
dry transfer onto target substrate (copper current collector, titanium
bipolar plate, or silicon wafer) at speeds $>10\text{ m/min}$ with active
area pinhole defect density $<0.1\%$ [4, 6].

3. **Cost Parity Gate:** Fully burdened CVD graphene synthesis and transfer
cost target below $\$2.50/\text{m}"2% at $100,000\text{ m}~2/\text{year}$
scale, decreasing to $<\$1.00/\text{m}"2$ at Gigafactory scale
($>1,000,000\text{ m}*2/\text{year}$) [2, 6].

## 5. Corporate Funding Arm Strategy & Co-Investment Architecture

To optimize valuation caps and non-dilutive capital leverage, developing CVD
graphene ventures should deploy a structured three-pillar co-investment model
combining Corporate Venture Capital (CVC) equity, government clean energy
grants, and milestone-based Joint Development Agreements (JDAs).

THREE-PILLAR CO-INVESTMENT ARCHITECTURE
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— o S— + + ——+ | CVC EQUITY ARMS | | NON-DILUTIVE
| | COMMERCIAL JDAs | | - Shell Ventures | | GOVERNMENT GRANTS]| | & OFF-TAKE LEVER
| | - CATL Vent Fund | | - US DOE ARPA-E /| | - Pilot Pre-pay | | - Siemens Energy | |
Hydrogen Shot | | - IP Co-sharing | | - SLB Venturing | | - EU Horizon / | | - Volume Off-take|
| ($2M - $25M Ticket)| | Clean Hydrogen | | Commitments | +—————— +A—

### 1. Corporate Venture Capital (CVC) Deployment Structures

- **Shell Ventures & SLB Corporate Venturing:** Operate as evergreen
corporate funds investing across Seed to Series B stages. Typical equity
check sizes range from $\$2\text{M}$ to $\$10\text{M}$ with board observer
seats. They require clear pathways to commercial pilot deployment within 24
months of investment [8, 15].

- **CATL Strategic Investment Fund:** Focuses on Series B/C growth rounds and
JV pre-financing, offering large equity checks ($\$10\text{M} -
\$25\text{M}$) tied to long-term supply agreements and joint manufacturing
facility build-outs [9].

### 2. Non-Dilutive Grant Programs & Government Co-Funding

- **U.S. Department of Energy (DOE) Clean Hydrogen & ARPA-E:** Programs such
as the DOE Clean Hydrogen Technologies Office and ARPA-E offer matching R&D
grants ranging from $\$1\text{M}$ to $\$10\text{M}$ for advanced materials
that lower electrolyzer costs or improve battery energy density [12].
Corporate partners (e.g., Plug Power, First Solar) provide the required 20%-
50% cost-share matching.

- **EU Clean Hydrogen Partnership & Horizon Europe:** Siemens Energy and
Shell actively leverage EU Horizon Europe innovation funds, providing
$€2\text{M} - €5\text{M}$ non-dilutive grants for multi-partner consortia
advancing green hydrogen infrastructure [14].

### 3. Joint Development Agreement (JDA) & Licensing Structuring

- **Milestone-Based R&D Funding:** JDAs should be structured with upfront
licensing fees ($100\text{k} - $500\text{k}$) and milestone payouts tied to
technical validation gates (e.g., passing $1,000%-hour fuel cell stack
testing or achieving $20\text{ m/min}$ transfer speed).

- **TP & Exclusivity Governance:** Developing ventures must retain core
background IP (synthesis equipment design, transfer process physics) while
granting application-specific exclusivity (e.g., exclusive right to use in EV
battery current collectors to CATL) for a limited 2-3 year window,
conditioned on annual volume purchasing minimums.

## 6. Key Risks & Risk Mitigation Strategies

| Risk Category | Risk Factor | Probability / Impact | Risk Mitigation
Strategy |



| **Technical / Yield** | Pinhole defects during high-speed R2R transfer
causing barrier breakdown | High / High | Implement multi-layer stacked
transfer (2-3 atomic layers) and automated online optical/Raman defect
inspection on transfer lines [1, 6]. |

| **Financial / Cost** | Catalyst foil consumption costs and high capital
expenditure for CVD furnaces | Medium / High | Transition to electrochemical
non-destructive delamination to re-use copper growth foils $>100% times,
dropping material costs below $\$1.50/\text{m}"2$ [2, 6]. |

| **Market / Qualification** | Extended qualification cycles in energy sector
($2-4% years for subsea/grid assets) | High / Medium | Focus initial
commercial revenue on shorter-qualification products (downhole GFET sensors,
fuel cell test plates) while long-term testing proceeds [8, 15]. |

| **Supply Chain** | Bottlenecks in high-purity copper growth foils and
specialized gaseous precursors | Low / Medium | Secure dual-sourcing
agreements with global metal foil manufacturers and establish automated gas
recycling units in CVD plants [4, 9]. |
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# INVESTMENT MEMORANDUM

**¥TO:** Investment Committee & Strategic LPs

**¥*FROM: ** Deep Tech & Advanced Materials Sector Group

**DATE: ** September 5, 2026

**SUBJECT: ** Commercialization Thesis, Corporate Venture Capital Alignment,
and Capital Deployment Strategy for Chemical Vapor Deposition (CVD) Graphene
in Entertainment Verticals

## 1. Executive Summary & Investment Thesis

Chemical Vapor Deposition (CVD) graphene is reaching a pivotal commercial
inflection point across global entertainment technology sectors. While early
graphene ventures focused on **bulk graphene** (nanoplatelets, powders, and
liquid dispersions used as structural plastic fillers, anti-corrosion
coatings, or battery conductive slurries) [1, 2], **CVD graphene** yields
atomically continuous, single-layer to few-layer 2D crystalline films grown
via catalytic pyrolysis of hydrocarbons on metal foils (e.g., Cu, Ni) or
dielectric wafer substrates [2, 3].

CVD graphene offers a unprecedented combination of physical, electrical,
optical, thermal, and mechanical properties:

* **High Carrier Mobility & Conductivity:** Sheet resistance $R_s < 30-
50\text{ }\Omega/\text{sq}$ (when p-doped with $AuCl 3%, $HNO 3%, or TFSA)
with electron mobility $>10,000\text{ cm}”*2/\text{V}\cdot\text{s}$ at room
temperature [3, 4].

* **Broadband Optical Transparency:** ~97.7% transmittance per monolayer
across UV, Visible, SWIR, MWIR, and LWIR spectra (200 nm - 12 um) [2, 5].

* **Unmatched Thermal Conductivity:** In-plane thermal conductivity $k
\approx 3,000-5,000\text{ W/m}\cdot\text{K}$ (surpassing pyrolytic graphite
by 3x and copper by 10x) [6, 7].

* **Extreme Mechanical Rigidity & Low Mass:** Intrinsic Young's modulus $E
\approx 1.0\text{ TPa}$, acoustic velocity $v_s \approx 20,000\text{ m/s}$,
and monolayer mass density of just $0.77\text{ mg/m}~2$ [8, 9].

CVD GRAPHENE ENTERTAINMENT BEACHHEADS



[Audio Transducers] [Spatial Computing AR/VR] [Virtual Production LED] ¢ High-Res
Headphones ¢ Fanless SoC Spreaders ¢ Micro-LED Tile Backplanes ¢ Studio Microphones e
Transparent GFET Haptics ¢ Laser Cinema Optics | [Cinema & Stage Optics] [Theme Parks &
Wearables] [Electronic Instruments] ¢ 100+ GHz Sensor Mod. ¢ Animatronic Touch Skins e
GFET Expressive Keybeds e Silent Cine Light Heat ¢ Anti-Fog Visor Heaters ¢ Abrasion D]
Interfaces |

### Key Commercial Investment Thesis

Deep tech ventures attempting to enter the market with low-margin commodity
films (e.g., standard touch-screen ITO replacement) face intense pricing
pressure and thin margins. Instead, investment capital should target **high-
value, performance-critical entertainment beachheads** where CVD graphene's
unique multi-functional properties command premium pricing ($100-$300/$m~2$
for acoustic/thermal films or $150-$500 per transferred 200mm/300mm wafer)
[10, 11].

Initial high-margin commercial beachheads include:

1. **Acoustic Diaphragms for High-Res Studio Headphones, TWS Earbuds & Live
Compression Drivers** (eliminating flexural breakup distortion above 15 kHz
and improving power efficiency by up to 35%) [8, 12].

2. **Silent SoC Thermal Spreaders for AR/VR Headsets & Handheld Gaming
Hardware** (resolving thermal throttling in fanless, sub-70g spatial
computing visors) [7, 13].

3. **Passive Thermal & Transparent Backplane Layers for Micro-LED Virtual
Production Soundstage Walls** (eliminating LED color shifts during movie
filming) [14, 15].

As Roll-to-Roll (R2R) transfer yields reach >90% and continuous growth costs
drop below **$15-$25/$m~2%$**, CVD graphene can expand into mass-market
flexible display backplanes, interactive theme park touch surfaces, and
wearable event sensors [2, 10, 16].

## 2. Industry Value Proposition & Sector Opportunity Analysis

### A. High-End Audio Transducers, Studio Equipment & Live Sound

* **Incumbent Limitation:** Traditional Mylar, PET, and titanium diaphragms
suffer flexural breakup modes at high sound pressure levels and high
frequencies (»12 kHz), introducing harmonic distortion (>0.5% THD) and high
acoustic phase lag [8, 12]. Heavy moving mass limits dynamic transient
response.

* **CVD Graphene Advantage:** Composite diaphragms featuring single-layer
or few-layer CVD graphene films provide a Young's modulus of ~1.0 TPa and
ultra-low moving mass, pushing breakup breakup modes beyond 40 kHz [8]. This
delivers flat frequency response for Hi-Res 192kHz/32-bit audio, lowers THD



to <0.05%, reduces active noise cancellation (ANC) phase lag, and increases
compression driver SPL output by +3 dB in stadium touring arrays [12, 17].

### B. Advanced Displays, Virtual Production LED Walls & Cinema Projection

* **Tncumbent Limitation:** Indium Tin Oxide (ITO) backplane electrodes
micro-fracture under bending and exhibit high sheet resistance in large
displays [2, 10]. High-brightness Micro-LED tiles in virtual production
soundstages suffer localized thermal buildup, shifting LED color wavelengths
and creating visible color seams on camera [14, 15].

* **CVD Graphene Advantage:** P-doped CVD monolayer films provide $R_s <
30-50\text{ }\Omega/\text{sq}$ at 97.7% optical transparency with zero
mechanical fatigue under flexure [2, 10]. Patterned multi-layer graphene
thermal spreaders equalize heat across Micro-LED tile backplanes (<1.0°C
variance), maintaining color lock across virtual production walls [15]. In
laser cinema projectors, transparent CVD windows dissipate high-lumen optical
thermal spots without polarization distortion [18].

### C. Spatial Computing (AR/VR/XR), Gaming Hardware & Haptics

* **Tncumbent Limitation:** Compact AR smart glasses (e.g., Meta Orion) and
handheld gaming PCs (e.g., Steam Deck) generate intense SoC thermal energy in
space-constrained enclosures where fan noise spoils immersive audio [7, 13].
Standard haptic sensors lack optical transparency and durability.

* **CVD Graphene Advantage:** Multi-layer CVD graphene sheets deliver in-
plane thermal conductivity of 3,000-5,000 W/m-K at thickness <5 pm, dropping
SoC junction temperatures by 8-10°C and enabling fanless spatial computing
[6, 7]. Flexible CVD Graphene Field-Effect Transistors (GFETs) embedded in
haptic gloves and facial gaskets deliver sub-millimeter strain and EMG
sensing with complete optical transparency [13, 19].

### D. Cinema Hardware, Stage Lighting & Lasers

*  **Tncumbent Limitation:** High-output cinema lighting heads (e.g., ARRI
SkyPanel) generate 400W-800W of heat; cooling fans create acoustic background
noise that interferes with movie set sound recording [15]. Uncompressed 8K
cinema camera sensors generate high thermal noise at high frame rates [20].

* **CVD Graphene Advantage:** CVD graphene-aluminum thermal structures
permit silent, completely fanless cinema lighting heads [15]. On 8K CMOS
camera sensors, wafer-scale CVD graphene functions as an ultra-fast electro-
optic modulator (>100 GHz) and thermal bridge, suppressing dark current noise
by -4 dB in low-light filming [20, 21].

### E. Location-Based Entertainment (LBE), Theme Parks & Electronic Musical
Instruments

*  **Tncumbent Limitation:** Theme park animatronic skins and interactive
touch surfaces experience severe mechanical wear under millions of guest
interactions [16]. Keyboard sensors in digital hybrid pianos lack continuous
micro-force expressiveness [22].

* **CVD Graphene Advantage:** CVD graphene touch surfaces offer >1,000x
greater abrasion resistance than ITO, liquid impermeability, and transparent
heating for defogging ride visors [16, 23]. GFET sensor matrices under piano



keybeds capture micro-gram touch dynamics with sub-millisecond latency [22].

## 3. Corporate Venture Arms, Funding Programs & Strategic Vehicles

To de-risk technology maturation, CVD graphene ventures must leverage
corporate venture capital (CVC), strategic non-dilutive equipment grants,
non-recurring engineering (NRE) development contracts, and pre-paid supply
off-take agreements from global entertainment leaders [11, 24].

| | CORPORATE FINANCIAL SUPPORT MECHANISMS

I_ T T
4 | EQUITY VC/ CVC | NON-DILUTIVE GRANTS |

SUPPLY OFF-TAKE / NRE |

- + T

. | e Sony Innovation Fund | e Meta Reality Labs | .
NRE Engineering | | e Samsung Catalyst Fund | Ecosystem Grants | Co-Development
Contracts | | » Bose Ventures | e EU Horizon Europe / EIC | e Pre-Paid Supply Orders |

« Vive X Accelerator | « German BMBF / VLAIO | « IP Co-Licensing JVs | | « Nikon-RED
Tech Fund | e Disney Accelerator | « Pilot Tooling Subsidies | | e Yamaha Corporate VC

llkesearch Grants | e Facility Equipment Leases
-1 - - -

### Detailed Corporate Funding & Investment Program Analysis

#### 1. Sony Group Corporation (Sony Innovation Fund & Sony Innovation Growth
Fund)

* **Funding Vehicle:** Sony Innovation Fund (SIF) & Sony Innovation Growth
Fund ($200M+ total AUM) [24].

* **Strategic Focus:** Next-generation display materials (Crystal LED /
Micro-OLED), spatial computing, pro audio acoustic transducers, and sensor
optoelectronics.

* **Investment History & Structure:** SIF routinely leads or co-invests in
Series A through Series C rounds with initial tickets ranging from $1M to
$10M [24]. Investments are paired with Joint Development Agreements (JDAs)
executed alongside Sony's Home Entertainment & Sound, Mobile Communications,
and Semiconductor Solutions business groups.

* **Target Entry Point:** TRL 5-7 startups with scalable R2R lamination or
200mm/300mm wafer transfer capabilities.

#i#t## 2. Samsung Electronics (Samsung Catalyst Fund & Samsung Ventures)
* **Funding Vehicle:** Samsung Catalyst Fund ($500M multi-stage CVC fund) &
Samsung Venture Investment Corporation (SVIC) [11, 24].



* **Strategic Focus:** Micro-LED backplane materials, flexible transparent
conductors, mobile thermal management, and advanced acoustic diaphragms.

*  k*Sypport Mechanism:** Provides equity investments ($3M-$20M ticket
sizes), milestone-based non-recurring engineering (NRE) contracts, and access
to Samsung Advanced Institute of Technology (SAIT) cleanrooms and pilot
testing facilities [11].

*  **Target Entry Point:** TRL 5-6 ventures capable of meeting high-volume
consumer display or mobile accessory manufacturing tolerances.

#it#tt 3. Bose Corporation (Bose Ventures)

* **Funding Vehicle:** Bose Ventures (Corporate VC arm of Bose
Corporation).

*  **Strategic Focus:** Advanced transducer materials, active noise
cancellation (ANC) hardware, spatial audio sensors, and micro-acoustics.

* **Tnvestment History & Structure:** Bose Ventures provides $1M-$5M equity
tickets alongside direct access to Bose acoustic test chambers, transducer
tooling labs, and pilot purchase pre-orders.

* **Target Entry Point:** TRL 5-6 startups demonstrating acoustic diaphragm
performance gains (THD <@.1%, extended high-frequency response).

#it## 4. Meta Platforms, Inc. (Meta Reality Labs Ecosystem Grants & Strategic
Investments)

* **Funding Vehicle:** Meta Reality Labs Research Grants & Meta Strategic
Investments [13, 19].

*  **Strategic Focus:** Ultra-lightweight thermal management for AR eyewear,
transparent GFET haptic sensors, and micro-display optics.

*  *¥*Sypport Mechanism:** Combines non-dilutive R&D grants ($250K-$2M) with
strategic CVC equity rounds ($2M-$15M) and non-recurring engineering (NRE)
contracts for custom headset integration.

* **Target Entry Point:** TRL 4-6 startups working on fanless thermal
spreaders or haptic glove biosensor arrays.

#i### 5. HTC Corporation (Vive X Accelerator Fund)

*  *¥*fynding Vehicle:** Vive X Accelerator ($100M global capital pool).

* **Strategic Focus:** Spatial computing hardware, transparent heating
elements, eye-tracking optics, and haptic accessories.

*  **Tnvestment History & Structure:** Provides $100K-$2M seed/early-stage
equity tickets, hardware distribution access, and integration into the HTC
Vive XR ecosystem.

*  **Target Entry Point:** TRL 4-6 ventures.

#### 6. Nikon Corporation / RED Digital Cinema (Nikon-RED Strategic
Technology Fund)

* **Funding Vehicle:** Nikon-RED Strategic Technology & Innovation Fund
[20, 21].

*  **Strategic Focus:** High-frame-rate CMOS image sensors, optoelectronic
modulators, and fanless cinema camera processors.

*  *¥*Sypport Mechanism:** Equity co-investments, joint patent licensing
agreements, and 300mm wafer-scale BEOL sensor development subsidies.



* **Target Entry Point:** TRL 4-5 startups.

#it## 7. The Walt Disney Company (Disney Accelerator & Imagineering R&D)

* **Funding Vehicle:** Disney Accelerator & Walt Disney Imagineering (WDI)
R&D Contracts [16].

* **Strategic Focus:** Interactive attraction touch surfaces, animatronic
skin sensors, defogging ride visors, and wearable event badges.

* **Support Mechanism:** $100K-$1M equity investment via Disney
Accelerator, backed by multi-million dollar non-dilutive WDI pilot
installation contracts across Disney theme parks worldwide.

* **Target Entry Point:** TRL 5-6 ventures.

#it##t 8. Yamaha Corporation (Yamaha Corporate Venture Capital)

* **Funding Vehicle:** Yamaha Corporate Venture Capital (Yamaha Mainichi
cve) [22].

*  **Strategic Focus:** GFET force-sensing matrices for expressive keybeds,
acoustic instrument transducers, and pro sound consoles.

*  **Investment History & Structure:** Provides $500K-$3M equity rounds
paired with co-development contracts at Yamaha's R&D labs in Hamamatsu,
Japan.

*  **Target Entry Point:** TRL 4-6 startups.

#i### 9. European Public-Private Grant Vehicles (Horizon Europe, EIC, BMBF,
VLAIO, Bpifrance)

*  **fynding Vehicle:** European Innovation Council (EIC) Accelerator,
Horizon Europe (2D Materials & Optoelectronics Work Packages), German Federal
Ministry of Education and Research (BMBF), Flemish VLAIO, and French
Bpifrance [25].

* **Strategic Focus:** Supporting European entertainment technology
champions (**Sennheiser/Neumann**, **|L-Acoustics**, **Barco**, **ARRI
Group**) in adopting advanced 2D materials.

* **Support Mechanism:** Non-dilutive consortium grants (€2M-€10M per
project) covering up to 70% of R&D capital expenditure and pilot line tooling
costs.

## 4. Sharper Recommendation Matrix & Portfolio Allocation Strategy

To maximize risk-adjusted capital returns while accelerating CVD graphene
commercialization, portfolio capital should be allocated across three
distinct investment priority tiers:

* **Tier 1: High-Conviction Beachheads (Immediate Cash-Flow & TRL 6+
Scale)**: High-margin acoustic diaphragms (headphones, TWS, pro sound) and
handheld/AR thermal spreaders.

* **Tier 2: Mid-Term Strategic Scalers (TRL 5-6 Expansion)**: Virtual
production Micro-LED thermal backplanes, silent cinema lighting, and AR/VR
haptic sensors.



* **Tier 3: Long-Term Mass Deployment (TRL 4-5 Foundational Disruptors)**:
Wafer-scale 8K cinema CMOS electro-optic modulators, flexible display TCFs,
and theme park animatronic skins.

### Sharper Recommendation Matrix

| Company Target | Entertainment Sub-Sector | TRL Level | Feasibility (1-10)

| Primary CVD Graphene Application | Projected Annual Demand Volume |
Preferred Financial Vehicle | Investment Priority Tier |

I I R T I B T I I

| **Sony Pro Audio** | Audio Transducers | TRL 6 | 9.0 / 10 | Audiophile &
TWS Diaphragms | 2,500-4,500 $m~2$/yr | Sony Innovation Fund (CVC Equity) |
**Tier 1 (Beachhead)** |

| **Bose Corporation** | ANC Headphones & TWS | TRL 5-6 | 8.0 / 10 | Low-
Phase-Lag ANC Diaphragms | 1,800-3,200 $m"2$/yr | Bose Ventures ($1M-$5M
Equity) | **Tier 1 (Beachhead)** |

| **Meta Reality Labs** | AR/VR & Haptics | TRL 5-6 | 9.0 / 10 | SoC Thermal
Spreaders & GFETs | 10,000-25,000 $m~2$/yr | Reality Labs Grants + CVC Equity
| **Tier 1 (Beachhead)** |

| **valve Corporation** | Gaming Handhelds & VR | TRL 6 | 8.5 / 10 | Handheld
SoC Thermal Spreaders | 5,000-12,000 $m~2$/yr | Direct NRE Contracts + Pre-
Orders | **Tier 1 (Beachhead)** |

| **Sony Crystal LED** | Virtual Production Walls | TRL 6 | 9.0 / 10 | Micro-
LED Thermal Backplanes | 15,000-35,000 $m~2$/yr | SIF Equity + Supply Off-
Take | **Tier 1 (Beachhead)** |

| **Sennheiser / Neumann**| Microphones & Headphones | TRL 5 | 8.5 / 10 | Mic
Capsules & Driver Membranes| 300-800 $m~2$/yr | EU Horizon / BMBF Grants +
NRE | **Tier 2 (Strategic)** |

| **Harman / JBL / AKG** | Concert & Cinema Sound | TRL 5 | 8.5 / 1@ | High-
SPL Compression Drivers | 3,000-6,000 $m~2$/yr | Samsung Catalyst Fund Equity
| **Tier 2 (Strategic)** |

| **ARRI Group** | Cine Cameras & Lights | TRL 5 | 8.5 / 1@ | Silent Lighting
Thermal Fin Spreaders| 2,000-5,000 $m~2$/yr | German/EU Grants + NRE | **Tier
2 (Strategic)** |

| **Disney Imagineering** | Theme Parks & Attractions | TRL 5 | 8.5 / 10 |
Animatronic Touch Skins & Heaters| 3,000-8,000 $m~2$/yr | Disney Accelerator
Equity + WDI | **Tier 2 (Strategic)** |

| **Roland / Pioneer DJ** | DJ Hardware & E-Drums | TRL 6 | 8.5 / 10 |
Abrasion-Proof Touch Surfaces | 2,000-4,500 $m~2$/yr | Co-Dev Funding +
Purchase Orders | **Tier 2 (Strategic)** |

| **Barco NV** | Cinema RGB Projection | TRL 5 | 8.0 / 10 | SLM Laser Thermal
Windows | 2,000-5,000 200mm Wafers | EU VLAIO Grants + NRE Contracts | **Tier
2 (Strategic)** |

| **ETC Lighting** | Stage Moving Lights | TRL 5 | 8.0 / 10 | LED Engine Heat
Spreaders | 1,500-4,000 $m”2$/yr | Corporate R& Grants + Off-Take | **Tier 2
(Strategic)** |

| **Yamaha Corporation** | Musical Instruments | TRL 5 | 8.0 / 10 | GFET
Keybed Force Sensor Matrix | 1,500-3,500 $m”2$/yr | Yamaha CVC Equity ($500K-
$3M) | **Tier 2 (Strategic)** |

| **HTC Vive** | VR Visors & Accessories | TRL 6 | 8.8 / 1@ | Defogging Visor



Transparent Heaters| 1,200-3,000 $m~2$/yr | Vive X Accelerator Equity |
**Tier 2 (Strategic)** |

| **Shure Inc.** | Live Wireless Mics | TRL 5 | 8.0 / 10 | Matched Dual-
Diaphragm Capsules | 200-500 $m~2$/yr | Non-Dilutive Corporate Grants |
**Tier 2 (Strategic)** |

| **ROE Visual / Absen** | Concert Touring LED Tiles| TRL 5 | 8.0 / 10 |
Passive Modular Heat Spreaders | 40,000-80,000 $m"2$/yr | Vendor Co-Dev Funds
+ Pre-Orders | **Tier 2 (Strategic)** |

| **Samsung Electronics** | Micro-LED & Cinema Displays| TRL 6 | 8.5 / 10 |
Flexible Display TCF Backplanes | 25,000-60,000 $m~2$/yr | Samsung Catalyst
Fund Equity | **Tier 3 (Mass Deployment)**|

| **RED / Nikon** | 8K Cinema Cameras | TRL 4-5 | 7.5 / 10 | 100+ GHz Sensor
Electro-Optic Bridge| 8,000-18,000 300mm Wafers| Nikon-RED Strategic Tech
Fund | **Tier 3 (Mass Deployment)**|

| **L-Acoustics / Meyer** | Stadium Touring Arrays | TRL 4-5 | 7.5 / 10 |
High-Throw Compression Diaphragms| 150-400 $m~2$/yr | EU R&D Grants + Supply
Off-Take | **Tier 3 (Mass Deployment)**|

### Stage-Gated Capital Deployment Framework

|
I_

||STAGEGATEDCAHTALDEPLOYMENTROADMAP

T T
4 | PHASE 1: SEED / GRANT | PHASE 2: SERIES A /
CVC | PHASE 3: GROWTH / OFF-TAKE| | (TRL3-4) | (TRL5-6) | (TRL7-8) |
$500K - $2.0M Capital | $3.0M - $15.0M Cap. | $15.0M - $50.0M+ Cap. |
- + +
. |  Secure non-dilutive | « Strategic CVC equity |
e Multi-year off-take | | EIC / BMBF / NSF grants | co-investment (Sony SIF, | supply
prepayments * Proof-of-concept acoustic | Samsung Catalyst, Bose) | ¢ Roll-to-roll
continuous and thermal validation | * NRE pilot scale-up | growth line scaling | | .
Establish IP moat around | contracts with OEM partners | « Commercial delivery into

tlransfer & lamination | ¢ Yield optimization (>85%) | flagship entertainment
- - - -

#### Phase 1: Technology Validation & Intellectual Property Consolidation
(TRL 3-4)

*  **Capital Requirement:** $500K - $2.0M (predominantly non-dilutive grants
and angel/seed capital).

* **Milestones:** Validate acoustic diaphragm THD (<0.05%), demonstrate
thermal conductivity >3,000 W/m-K in sub-5pm multi-layer spreaders, filing
core patents around polymer lamination, clean R2R transfer, and GFET
encapsulation.



#i### Phase 2: Pilot Scaling & Strategic CVC Co-Investment (TRL 5-6)

* **Capital Requirement:** $3.0M - $15.0M (led by syndicate of Deep Tech
VCs and CVC arms such as **Sony Innovation Fund**, **Samsung Catalyst Fund**,
**Bose Ventures**, or **Meta Reality Labs**).

* **Milestones:** Execute non-recurring engineering (NRE) co-development
contracts, achieve R2R transfer yield >85% on 300mm width foils, deliver
qualification batches to tier-1 entertainment OEMs, and establish pilot
cleanroom production line.

#i### Phase 3: High-Volume Commercial Off-Take & Capacity Expansion (TRL 7-8)
*  **Capital Requirement:** $15.0M - $50.0M+ (Series B/C growth equity, debt
financing, and pre-paid supply off-take agreements).

* **Milestones:** Commission continuous high-speed R2R CVD growth reactors,
fulfill multi-million-unit annual diaphragm and thermal spreader supply
contracts, and drive unit manufacturing costs below $20-$30/$m2.

### Comprehensive Risk Assessment & Mitigation Framework

| Risk Category | Severity | Likelihood | Specific Risk Factors | Strategic
Mitigation Strategy |

I I e R I L IE R

| **Technical / Transfer Yield Risk** | High | Medium | Monolayer tearing,
pinholes, and polymer PMMA residue during large-area transfer reducing
electrical/acoustic yield [2, 10]. | Adopt dry-transfer roll-to-roll (R2R)
lamination and direct electrochemical delamination methods; implement
automated inline optical defect inspection [2, 11]. |

| **Unit Economics & Cost Risk** | Medium | High | High initial capital
expenditure ($/m2) making CVD graphene non-competitive against incumbent
pyrolytic graphite or Mylar [10, 11]. | Focus initial sales exclusively on
ultra-high-margin beachhead applications (headphones, spatial computing,
virtual production) before scaling volume to lower unit costs [11]. |

| **Packaging & Environmental Risk** | Medium | Medium | Delamination,
ambient moisture condensate, or sweat degrading exposed GFET sensors or
acoustic diaphragms [16, 23]. | Develop atomic layer deposition (ALD)
$A1 20 3% / $SiN_x$ moisture encapsulation barrier layers and hydrophobic
fluoropolymer surface treatments [16, 23]. |

| **IP & Freedom-to-Operate Risk** | High | Low | Broad patent landscape
around CVD growth on copper foil creating infringement litigation risks [11,
24]. | Secure exclusive field-of-use licenses for key university foundational
patents; build defensive patent thickets specifically around post-growth
transfer, acoustic lamination, and haptic GFET structures [24]. |
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# INVESTMENT MEMORANDUM: COMMERCIAL OPPORTUNITIES & CORPORATE ADOPTION OF CVD
GRAPHENE IN THE ENVIRONMENTAL SECTOR

**TQ:** Investment Committee / Strategic Venture Partners

**¥FROM: ** Advanced Materials & Cleantech Investment Team

**DATE : ** March 2026

**SUBJECT: ** Commercialization Pathways, Corporate Adoption Feasibility,
Volume Forecasting, and CVC Funding Arms for Chemical Vapor Deposition (CVD)
Graphene in Environmental Applications

## 1. Executive Summary & Investment Thesis

### 1.1 Executive Summary

Chemical Vapor Deposition (CVD) graphene is transitioning from laboratory-
scale R&D to commercial industrial deployment. Unlike bulk graphene
nanoplatelets or graphene oxide (GO) powders—which function primarily as
mechanical composite additives—CVD graphene provides continuous, high-
crystallinity, single-to-few-layer 2D atomic sheets [1]. These pristine 2D
films deliver unprecedented electron mobility ($>10,000\text{
cm}~2/\text{V}\cdot\text{s}$), complete gas/liquid impermeability when
defect-free, atom-thin mechanical resilience, and tunable sub-nanometer pore
transport [2].

This memorandum evaluates the strategic fit, adoption timelines, volume
requirements, and capital support mechanisms of six global environmental
industry leaders: **DuPont Water Solutions**, **Xylem Inc.**, **Veolia
Environnement**, **Honeywell International**, **Sensirion AG**, and
**Accelera by Cummins / Plug Power**.



### 1.2 Core Investment Thesis

1. **Critical Regulatory & Energy Catalysts:** Environmental regulations
regarding per- and polyfluoroalkyl substances (PFAS) contamination (e.g.,
U.S. EPA National Primary Drinking Water Regulations) [3] and municipal
energy tariffs for seawater desalination (accounting for 35%-50% of plant
operating costs) [4] are forcing Tier-1 environmental corporates to seek
step-change technology platforms.

2. **Defensible Technology Moat:** CVD graphene provides a orders-of-
magnitude leap in separation flux ($10\times - 100\times$ vs. polyamide
membranes), sensor detection limits (sub-ppb at room temperature vs. heated
metal oxide sensors), and corrosion barrier longevity (extending PEM
electrolyzer stack lifetime beyond 860,000 hours) [2, 5].

3. **High Corporate Capital Readiness:** Corporate Venture Capital (CVC) arms
and open innovation labs (e.g., Honeywell Ventures, Xylem Innovation Labs,
DuPont Ventures) have allocated over $500\text{M}$ in combined capital target
pools to fund, pilot, and acquire advanced material ventures that mature
high-value 2D material manufacturing [6, 7].

## 2. Technology Platform & Commercial Value Proposition

CVD graphene is synthesized by cracking hydrocarbon gas precursors (e.g.,
$\text{CH}_4%) over catalytic metal substrates (typically copper or nickel
foils) at high temperatures ($800~\circ\text{C} - 1@50~\circ\text{C}$),
followed by roll-to-roll (R2R) or wafer-scale transfer to target operational
substrates [1, 8].

CVD GRAPHENE SINTERING & GROWTH
CH4 + H2 on Cu Foil (800-1050°C) --> Monolayer Graphene on Foil

—_ ++ + | ROLL-TO-ROLL (R2R)
TRANSFER | | WAFER-SCALE TRANSFER | | Porous Polymeric/Metallic Support | | Si/Si02
/ CMOS Substrates | +——Hm—Mm———————— + + +| | +—
—t———tt———+———+ ||| |VVVVH+ ++ +t—
—_ + | Water Membranes | | Electrocatalysts| | Air Gas Sensors | | Water
Biosensors| | (Desalination, | | (PFAS Destruction,| | (NOZ, SO2, NH3, | | (Heavy Metals, | |
PFAS RO/NF) | | PEM Hydrogen) | | VOCs, Methane) | | Toxins, PFAS) | +—————- ++—

+ + e e

### Key Application Domain Benchmarks

| Environmental Domain | Performance Metric | Legacy Benchmark | CVD Graphene
Advantage | Reference |
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| **Seawater Desalination** | Water Permeability
($\text{L}/\text{m}"2\cdot\text{hr}\cdot\text{bar}$) | Polyamide TFC ($1.5 -
3.0%) | Nanoporous CVD Graphene ($30.0 - 150.0%) | Werber et al. [4] |

| **PFAS Degradation** | Anodic Oxidation Potential ($\text{V vs. SHE}$) |
Mixed Metal Oxide ($1.8 - 2.2\text{ V}$) | CVD Graphene / Ti Anode ($>
2.8\text{ V}$) | Surwade et al. [2] |

| **Environmental Gas Sensing** | Detection Limit & Power | MOS Sensor ($1 -
10\text{ ppm}$, $> 150\text{ mW}$) | GFET Sensor ($< @.5\text{ ppb}$, $<
1\text{ mW}$) | Novoselov et al. [1] |

| **PEM Water Electrolysis** | Interfacial Contact Resistance
($\text{m}\Omega\cdot\text{cm}*2$) | Ti Passivated Oxide ($> 40\text{
m}\Omega\cdot\text{cm}*2$) | CVD Graphene Coating ($< 5\text{
m}\Omega\cdot\text{cm}”2$) | Vlassiouk et al. [8] |

## 3. Detailed Target Company Profiles & Adoption Assessments

### 3.1 DuPont Water Solutions (DuPont de Nemours, Inc.)

* **Ticker / HQ:** NYSE: DD | Wilmington, DE, USA

* **Market Capitalization / Revenue:** ~$30\text{B}$ Cap | ~$12.5\text{B}$
Revenue [9]

* **Strategic Fit:** **Tier-1 Core Target.** DuPont dominates the global
water separation market via its FilmTec™ Reverse Osmosis and Nanofiltration
product lines.

* **CVD Graphene Application:** Nanoporous monolayer CVD graphene active
layers integrated into 8-inch spiral-wound membrane elements for energy-
efficient seawater desalination and organic solvent nanofiltration (OSNF).
* **Adoption Feasibility & Pathway:** Medium-term horizon (3-5 years).
Feasibility depends on high-yield, continuous Roll-to-Roll (R2R) wet/dry
transfer of perforated monolayer graphene onto microporous polysulfone (PSu)
backings without micro-tears [4].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Active Membrane Area ($\text{m}"2/\text{year}$).

* *Calculation:* A standard 8040 industrial RO element houses $\sim
37\text{ m}*2 - 40\text{ m}*2% of active membrane. At a modest 3% market
penetration into DuPont’s premium membrane element sales volume ($\sim
30,000-60,000\text{ elements/year}$), required volume equals **$1,100,000 -
2,400,000\text{ m}~2/\text{year}$** of continuous CVD graphene film [9].

* **Corporate Venture & Funding Arm:**

* **Fund:** **DuPont Ventures** / **DuPont Horizon Fund** [6].

* **Funding Capacity & Mechanism:** Direct Series A-C equity investments
($2\text{M} - 10\text{M}$ ticket size), Joint Development Agreements (JDAs)
with milestone R&D grants, and eventual IP acquisition/licensing.

* **Target Contact Targets:**

* Global R&D Director, DuPont Water Solutions Technology Center, Newark,
DE.

* Managing Director, DuPont Ventures, Wilmington, DE.



### 3.2 Xylem Inc. (including Evoqua Water Technologies)

* **Tjcker / HQ:** NYSE: XYL | Washington, D.C. / Rye Brook, NY, USA

* **Market Capitalization / Revenue:** ~$32\text{B}$ Cap | ~$8.1\text{B}$
Revenue [10]

* **Strategic Fit:** **Tier-1 Priority Partner.** Xylem’s acquisition of
Evoqua makes it the leader in high-growth industrial water treatment and PFAS
remediation.

* **CVD Graphene Application:**

1. Electrocatalytic CVD graphene coatings on titanium/nickel foam anodes
for direct electrochemical destruction of PFAS in municipal/industrial
wastewater.

2. GFET microfluidic sensor arrays for online heavy metal and organic
pollutant detection in smart water networks.

* **Adoption Feasibility & Pathway:** High feasibility (1-3 years). Direct
replacement of expensive boron-doped diamond (BDD) anodes in Leopold® and
Wedeco® electrochemical oxidation reactors [10].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* Coated Anode Surface Area ($\text{m}~2/\text{year}$) and
$200\text{mm}$ Wafer-Equivalents/year.

* *Calculation:* Deploying 500 commercial PFAS oxidation units/year ($100-
300\text{ m}*2$ anode area per unit) requires **$50,000 - 150,000\text{
m}~2/\text{year}$** of coated metal mesh. Smart water GFET sensor units
demand **$1,000 - 3,000\text{ }200\text{mm}\text{ wafer-equivalents/year}$**
($\sim 1.5\text{M} - 4.5\text{M}$ chips/year).

* **Corporate Venture & Funding Arm:**

* *¥*Fyund:** **Xylem Innovation Labs (XIL)** & **Xylem Corporate Ventures**
[7].

* **Funding Capacity & Mechanism:** Non-dilutive commercialization grants
($50\text{k} - 250\text{k}$), equity co-investments ($1\text{M} -
5\text{M}$), pilot sponsorship, and global distribution integration.

* **Target Contact Targets:**

* VP & Head of Xylem Innovation Labs (XIL), Washington, D.C.

* Director of Advanced Treatment & Electrochemical R&D, Xylem Innovation
Center.

#i#t# 3.3 Veolia Environnement SA (Veolia Water Technologies)

* **Ticker / HQ:** Euronext: VIE | Paris, France

* **Market Capitalization / Revenue:** ~€20\text{B}$ Cap | ~€45.3\text{B}$
Revenue [11]

* **Strategic Fit:** **Tier-1 Utility & EPC Target.** World’s largest
environmental services company operating thousands of water treatment
facilities.

* **CVD Graphene Application:** Energy-saving desalination membrane modules,
Zero Liquid Discharge (ZLD) effluent concentrators, and selective mineral



recovery (lithium, lead, uranium) from industrial streams.

* **Adoption Feasibility & Pathway:** Moderate feasibility (2-4 years).
Veolia operates as an engineering, procurement, and operations giant (DBO
model). Technology transition occurs by co-validating CVD graphene membrane
skids with OEM suppliers and deploying them across Veolia-operated
municipal/industrial plants [11].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Deployed Active Membrane Surface Area
($\text{m}"2/\text{year}s).

* *Calculation:* Across Veolia’s global plant retrofit and new-build
construction pipeline ($>10\text{M }\text{m}~3/\text{day}$ managed capacity),
adopting CVD graphene across 5% of operations demands **$2,000,000 -
5,000,000\text{ m}*2/\text{year}$** of active membrane area.

* **Corporate Venture & Funding Arm:**

* k*kpynd:** **VYeolia Innovation Accelerator (VIA)** & **Veolia CVC** [12].

* **Funding Capacity & Mechanism:** Demonstration plant grants
(€100\text{k} - 1\text{M}$), project-level Joint Venture equity financing,
and strategic CVC investment.

* **Target Contact Targets:**

* Director of Open Innovation, Veolia Innovation Accelerator, Paris,
France.

* Chief Technology Officer, Veolia Water Technologies, Saint-Maurice,
France.

### 3.4 Honeywell International Inc. (Honeywell Environmental & Energy
Solutions)

* **Tjcker / HQ:** NASDAQ: HON | Charlotte, NC, USA

* **Market Capitalization / Revenue:** ~$135\text{B}$ Cap | ~$36.6\text{B}$
Revenue [13]

* *¥*Strategic Fit:** **Tier-1 Commercial Sensor Target.** Global leader in
industrial gas detection, indoor air quality (IAQ), and building automation
systems.

* **C\/D Graphene Application:** Wafer-scale transferred CVD graphene GFET
arrays for multi-gas monitoring ($\text{NO}_ 2%, $\text{SO}_2%, $\text{NH}_3%,
$\text{VOCs}$, methane) integrated into Honeywell Sensepoint and IAQ control
architectures.

* **Adoption Feasibility & Pathway:** High feasibility (1-2 years).
Monolithic transfer of CVD graphene onto $150\text{mm}/200\text{mm}$
silicon/CMOS wafers fits directly into Honeywell’s microelectronics packaging
and testing supply chain [13].

* **Annual Quantity Demand Forecast:**

* *Ynit Metrics:* $200\text{mm}$ Wafer-Equivalents per Year and Finished
Sensor Microchips per Year.

* *Calculation:* Capturing 10% of Honeywell’s industrial gas sensor product
line ($\sim 20\text{M}$ chips/year at 1,500 chips per $200\text{mm}$ wafer)
requires **$12,000 - 35,000\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** ($\sim 18\text{M} - 52\text{M}$ sensor dies/year).

* **Corporate Venture & Funding Arm:**



* **Fund:** **Honeywell Ventures** [14].

* **Funding Capacity & Mechanism:** Active CVC equity investment
($2\text{M} - 10\text{M}$ check size), funded R& co-development agreements,
and commercial OEM supply contracts.

* **Target Contact Targets:**
* Managing Director, Honeywell Ventures, Menlo Park, CA / Charlotte, NC.
* VP & CTO, Honeywell Sensing & Safety Technologies.

### 3.5 Sensirion AG

* **Tjcker / HQ:** SIX: SENS | Stafa, Switzerland

* **Market Capitalization / Revenue:** ~CHF 1.1\text{B}$ Cap | ~CHF
320\text{M}$ Revenue [15]

* **Strategic Fit:** **High-Precision Sensor Innovator.** Global leader in
digital environmental microsensors for automotive, medical, and consumer
electronics.

* **CVD Graphene Application:** Ultra-low-power, room-temperature CVD
graphene GFET chips for automotive HVAC air management, smart home IAQ, and
wearable environmental monitors.

* **Adoption Feasibility & Pathway:** High feasibility (1-2 years).
Sensirion’s CMOSens® technology platform allows direct transfer and micro-
patterning of CVD graphene over standard CMOS signal processing circuits
[15].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents per Year and Sensor Dies
per Year.

* *Calculation:* Integrating CVD graphene into Sensirion’s next-gen
VOC/$\text{NO} x$ sensor lines ($\sim 30\text{M}$ dies/year) requires
**$8,000 - 20,000\text{ }200\text{mm}\text{ wafer-equivalents/year}$** ($\sim
16\text{M} - 40\text{M}$ chips/year).

* **Corporate Venture & Funding Arm:**

* *¥*Fund:** **Sensirion Corporate Venturing** & **Innosuisse Co-Funding**
[16].

* **Funding Capacity & Mechanism:** Equity seed/Series A co-investments
($500\text{k} - 3\text{M}$), Eurostars/Swiss innovation grant co-sponsorship,
and joint IP creation.

* **Target Contact Targets:**
* Head of Research & Development, Sensirion AG, Stafa, Switzerland.
* Director of Corporate Venturing & Strategic Partnerships.

### 3.6 Accelera by Cummins / Plug Power Inc.

* **Tjcker / HQ:** NASDAQ: CMI (Accelera) | Columbus, IN | NASDAQ: PLUG |
Latham, NY, USA

* **Market Capitalization / Revenue:** Combined Cleantech Scale ($>
\$35\text{B}$ Cummins Cap) [17]

* **Strategic Fit:** **Green Energy Infrastructure Target.** Leaders in



megawatt-scale PEM water electrolyzers for green hydrogen production.

* **CVD Graphene Application:** Impermeable, anti-corrosive CVD graphene
nanocoatings on titanium bipolar plates and porous transport layers in PEM
electrolyzer stacks.

* **Adoption Feasibility & Pathway:** High feasibility (2-3 years).
Eliminates acidic titanium passivation ($\text{TiO}_2$ formation) and
drastically reduces reliance on expensive iridium/platinum noble metal
coatings [8, 17].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Coated Titanium Substrate Area ($\text{m}*2/\text{year}$).

* *Calculation:* A $1\text{ GW}$ annual PEM electrolyzer production
capacity requires $\sim 200,000\text{ m}~2$ of bipolar plate surface area.
Combined demand across both market leaders equals **$150,000 - 350,000\text{
m}~2/\text{year}$** of CVD graphene coated foil.

* **Corporate Venture & Funding Arm:**

* *¥*Fund:** **Cummins Ventures** & **Plug Power Strategic Investments**
[18].

* **Funding Capacity & Mechanism:** Strategic equity investments
($2\text{M} - 15\text{M}$), U.S. Department of Energy (DOE) Clean Hydrogen
co-grant matching, and multi-year off-take supply agreements.

* **Target Contact Targets:**

* Managing Director, Cummins Ventures, Columbus, IN.

* VP of Stack Engineering & Advanced Materials, Plug Power Inc., Latham,
NY.

## 4. Sharper Recommendation & Prioritization Matrix

The matrix below evaluates target corporates across six weighted metrics to
determine engagement priority for a developing CVD graphene enterprise.

### Evaluation Criteria & Weighting

1. **Strategic Fit & Synergy (20%):** Alignment of CVD graphene properties
with core product roadmap.

2. **Adoption Speed / Time-to-Market (20%):** Expected years to full
commercial integration.

3. **Financial Capital Capacity (20%):** Available venture capital check size
and funding readiness.

4. **Maturation & Commercialization Support (15%):** Availability of grants,
pilot testing facilities, and JDAs.

5. **CVD Graphene Volume Scale Potential (15%):** Projected steady-state
annual material consumption.

6. **Margin & Pricing Tolerance (10%):** Willingness to pay premium pricing
during early commercial ramp.

### Quantitative Scoring Matrix (Scale 1-10)

| Corporate Target | Strategic Fit (20%) | Adoption Speed (20%) | Financial



Capacity (20%) | Maturation Support (15%) | Volume Scale (15%) | Margin
Tolerance (10%) | Weighted Priority Score | Target Tier & Priority
Recommendation |
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| **Honeywell Ventures** | 9.5 | 9.0 | 9.5 | 8.5 | 8.0 | 9.5 | **9.@3** |
**Tier 1 (Immediate Partner - Sensors)** |

| **Xylem Innovation Labs** | 9.5 | 8.5 | 9.0 | 9.5 | 8.5 | 9.0 | **8.98** |
**Tier 1 (Immediate Partner - PFAS/Water)** |

| **Sensirion AG** | 9.0 | 9.5 | 7.5 | 9.0 | 7.5 | 9.0 | **8.58%* | **Tier 1
(Immediate Co-Developer - MEMS)** |

| **DuPont Water Solutions** | 9.5 | 6.5 | 9.0 | 8.0 | 9.5 | 8.0 | **8.38%* |
**Tier 2 (Strategic JDA - RO Membranes)** |

| **Cummins / Plug Power** | 8.5 | 7.5 | 8.5 | 8.5 | 9.0 | 7.5 | **8.23*%* |
**Tier 2 (Cleantech Partner - Hydrogen)** |

| **Veolia Water Tech** | 8.5 | 5.5 | 9.5 | 8.0 | 10.0 | 6.5 | **7.98** |
**Tier 3 (Long-Term Off-taker/Utility)** |

## 5. Financial & Strategic Maturation Strategy for Early-Stage Ventures

To successfully transition CVD graphene from TRL-4 (Lab Validation) to TRL-8
(Commercial System Qualified), a developing venture should execute a phased,
multi-tier financial support strategy:

PHASE 1: SEED & PILOT (Months 0-18) | TRL 4 -> TRL 6 - Funding Source: Non-Dilutive
Grants (Xylem XIL $250k, DOE Clean Hydrogen $1M-2M) - Goal: Validate 200mm Wafer
Transfer & Small-Cell PFAS Anode Performance

|

\'

PHASE 2: EARLY COMMERCIAL (Months 18-36) | TRL 6 -> TRL 7 - Funding Source: Strategic
CVC Equity (Honeywell Ventures, Sensirion $3M-$8M) - Goal: Build R2R Pilot Line & Deliver
10,000 GFET Wafer Units

|

\'

PHASE 3: INDUSTRIAL SCALE-UP (Months 36-60) | TRL 7 -> TRL 9 - Funding Source:
Corporate Growth Capital & Off-Take JV (DuPont, Veolia $10M-$30M) - Goal: >1,000,000
m?/yr R2R CVD Graphene Capacity for Global Water Facilities |

1. **Non-Dilutive Grant Co-Funding (Months ©-18):** Secure seed-stage pilot
grants via **Xylem Innovation Labs ($100k-$250k)** and **U.S. Department of
Energy (DOE) SBIR/STTR Phase II grants ($1.15M-$2M)** to prove bench-scale
durability of CVD graphene electrodes and GFET chips.

2. **Strategic CVC Co-Investments (Months 18-36):** Lead Series A financing
($5M-$12M) with **Honeywell Ventures** and **Sensirion Venture Arm**,
leveraging their cleanroom testing facilities, silicon foundry networks, and



sensor customer base.

3. **Joint Development Agreements (JDAs) & Off-Take JVs (Months 36-60):**
Execute structured JDAs with **DuPont Water Solutions** and **Veolia CVC** to
finance commercial-scale Roll-to-Roll (R2R) transfer lines ($15M-$30M CAPEX)
backed by multi-year off-take guarantees.

## 6. Risk Analysis & Mitigation Framework

| Risk Factor | Impact | Severity | Mitigation Strategy |
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| **Transfer Defect Density (Pinholes/Tears)** | High loss of salt rejection
in RO membranes ($<99\%$) | **Critical** | Implement polymer-assisted dry
transfer and atomic layer deposition (ALD) defect-healing nanocoatings. |

| **High Capital Cost of CVD R2R Reactors** | High initial CAPEX for large-
area continuous foil synthesis | **High** | Partner with existing CVD
equipment manufacturers (e.g., Aixtron, Veeco) under equipment-leasing and
joint IP models. |

| **Substrate Adhesion & Delamination** | Film detachment in high-crossflow
water filtration or acidic electrolyzers | **High** | Covalent surface
functionalization and silane coupling agents on polymer/metal support
backings. |

| **Long Qualification Cycles in Water Utilities** | Delayed adoption by
risk-averse municipal operators (3-5 year pilot requirements) | **Medium** |
Target high-margin industrial wastewater and private commercial gas sensing
markets prior to municipal utility bidding. |
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# INVESTMENT MEMORANDUM: COMMERCIAL OPPORTUNITIES & CORPORATE ADOPTION OF CVD
GRAPHENE IN THE HEALTH & MEDICAL TECHNOLOGY SECTOR

**TO:** Investment Committee / Healthcare & Advanced Materials Venture
Partners

**¥*FROM: ** MedTech & Advanced Materials Investment Team

**DATE : ** March 2026

**SUBJECT:** Commercialization Pathways, Corporate Adoption Feasibility,
Volume Forecasting, and CVC Funding Arms for Chemical Vapor Deposition (CVD)
Graphene in Healthcare Applications

## 1. Executive Summary & Investment Thesis



### 1.1 Executive Summary

Chemical Vapor Deposition (CVD) graphene is transitioning rapidly from
academic bioelectronics laboratories into high-value commercial deployment
across the $2.1 trillion global medical device, diagnostics, and life
sciences market. Unlike bulk graphene powders, graphene oxide (GO), or
reduced graphene oxide (rG0) flakes—which function primarily as mechanical
composite fillers or conductive electrode inks—CVD graphene produces
continuous, large-area, single-to-few-layer atomic films with near-
theoretical 2D crystalline perfection [1, 2]. These pristine 2D sheets
possess unmatched room-temperature charge carrier mobility ($>2,000 -
10,000\text{ cm}~2/\text{V}\cdot\text{s}$), ultra-high transconductance,
atomic impermeability, optical transparency ($>97.7\%%$), low electronic
noise, and extreme mechanical flexibility [2, 3].

This investment memorandum presents a strategic assessment of six market-
leading global healthcare corporations: **Medtronic plc**, **Abbott
Laboratories**, **Roche Diagnostics (F. Hoffmann-La Roche Ltd)**, **Illumina,
Inc.**, **Sjiemens Healthineers AG**, and **Dexcom, Inc.** We evaluate their
technical integration pathways, quantify annual material demand across
standardized healthcare metrics ($200\text{mm}$ wafer-equivalents/year and
flexible substrate surface area $\text{m}"2/\text{year}$), evaluate corporate
venture capital (CVC) funding mechanisms ($> \$1.5\text{B}$ in aggregated
available corporate fund capital), and detail actionable target contacts for
venture capital syndication.

### 1.2 Core Investment Thesis

1. **Unmet Clinical Needs in Bio-Sensing & Bio-Interfaces:** Healthcare
markets are shifting toward continuous, non-invasive biosensing, rapid point-
of-care (PoC) molecular diagnostics, ultra-high-density brain-computer
interfaces (BCIs), and low-cost single-molecule DNA sequencing [4, 5, 6].
Legacy materials—such as silicon, noble metals (Pt/Au), and enzymes—face
severe limitations regarding signal-to-noise ratio, enzymatic degradation,
physical rigidity, and chronic inflammatory tissue responses [2, 5]. CVD
graphene directly overcomes these physical barriers.

2. **Multi-Billion-Dollar Total Addressable Market (TAM):** Deploying
continuous CVD graphene across point-of-care diagnostic GFET chips,
transdermal continuous glucose monitor (CGM) filaments, high-density
neural/BCI microelectrode arrays, single-molecule DNA sequencing nanopore
flow cells, and ultra-broadband imaging photodetectors creates an estimated
annual demand exceeding $35,000\text{ m}"2$ of flexible film and
$>15,000\text{ }200\text{mm}$ wafer-equivalents by 2030, representing a total
addressable market opportunity exceeding $\$2.8\text{B}$ annually [1, 4, 6].
3. **High Corporate Capital Readiness & Co-Investment Architecture:** Leading
MedTech and Diagnostic corporations—including Medtronic Ventures, Abbott
Ventures, Roche Venture Fund, Illumina Accelerator/Ventures, Siemens
Healthineers Ventures, and Dexcom Ventures—have established dedicated
corporate venture capital funds and open innovation programs, offering non-
dilutive grant, equity, and off-take co-funding mechanisms [8, 9, 10, 11, 12,
13].



## 2. Technology Platform & Commercial Value Proposition

CVD graphene is synthesized via high-temperature ($800"\circ\text{C} -
1050"\circ\text{C}$) catalytic decomposition of hydrocarbon precursors (e.g.,
$\text{CH}_4%$) on copper or platinum catalytic foils, followed by automated
Roll-to-Roll (R2R) or wafer-scale transfer to biocompatible target substrates
[1, 3].

CVD GRAPHENE SYNTHESIS & GROWTH
CH4 + H2 on Cu/Pt Catalyst Foil (800-1050°C) --> Monolayer Graphene

e R +

|

\" \"
—_— .+ +| ROLL-TO-ROLL (R2R)

TRANSFER | | WAFER-SCALE TRANSFER | | Flexible Polyimide, PET, PDMS, or | | Si02/Si,
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|l +——————— ++ +| |+ + ++
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### Key Healthcare Application Benchmarks

| Medical Domain | Performance Metric | Legacy Benchmark | CVD Graphene
Advantage | Reference Citation |
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| **Point-of-Care Diagnostics** | Detection Limit (LOD) & Response Time |
Optical ELISA / Silicon ISFET ($10~{-9}\text{ M}$, $30-60\text{ min}$) | GFET
Bio-chip ($107{-15} - 10~{-18}\text{ M}$, $<1\text{ min}$) | Mannoor et al.
[4] |

| **Continuous Glucose Sensing** | Sensor Wear Duration & Operating Principle
| Enzymatic Wire (10-14 days, enzyme degradation) | Non-Enzymatic GFET
Filament ($30+$ days, charge-transfer) | Kostarelos et al. [2] |

| **Neural Interfaces / BCI** | Charge Injection & Impedance at $1\text{
kHz}$ | Platinum/Iridium ($\sim 100\text{ k}\Omega$, rigid) | Monolayer
Graphene MEA ($<10\text{ k}\Omega$, ultra-flexible) | Kuzum et al. [5] |

| **DNA/RNA Sequencing** | Spatial Resolution & Read Length | Optical SBS



($150 - 300\text{ bp}$, fluorescent tags) | Solid-State Nanopore
($>10,000\text{ bp}$, label-free) | Garaj et al. [6] |

| **Medical Imaging Sensors** | Photodetector Responsivity & Radiation
Exposure | Silicon Photodiode ($0.5\text{ A/W}$, standard X-ray dose) | CVD
Graphene-Quantum Dot ($>1077\text{ A/W}$, low-dose) | Ferrari et al. [3] |

## 3. Detailed Target Company Profiles & Adoption Assessments

### 3.1 Medtronic plc (Medtronic Ventures)

* **Ticker / HQ:** NYSE: MDT | Dublin, Ireland / Minneapolis, MN, USA

* **Market Capitalization / Revenue:** ~$110\text{B}$ Market Cap |
~$32\text{B}$ Annual Revenue [8]

* **Strategic Fit:** **Tier-1 Neuromodulation & Surgical Anchor.** Medtronic
is the dominant global leader in deep brain stimulation (DBS), spinal cord
stimulation, cardiac pacemakers, and electrophysiology catheters.

* **CVD Graphene Application:**

1. High-density BCI microelectrode arrays (MEAs) and DBS probes with low
impedance and zero microglial inflammatory scarring.

2. Multi-channel electrophysiology mapping catheter micro-sensors.

3. Osteoinductive and anti-biofouling coatings for titanium spinal and
orthopedic implants.

* **Adoption Feasibility & Pathway:** Moderate-to-High feasibility over a 3-6
year timeframe. Requires passing ISO 10993 biocompatibility testing, pre-
clinical animal safety trials, and securing FDA 510(k)/PMA clearance and EU
MDR certification [7, 8].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents/year and Substrate
Surface Area ($\text{m}~2/\text{year}$).

* *Calculation Basis:* Deploying CVD graphene across 50,000 BCI/DBS probes
and 200,000 electrophysiology mapping catheters annually.

* *pprojected Volume:* **$800 - 2,500\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** and **$250 - 1,000\text{ m}~2/\text{year}$** of flexible
CVD graphene array sheet.

* **Corporate Venture & Funding Arm:**

* *¥*Funds:** **Medtronic Ventures** & **Medtronic Open Innovation Program**
[8].

* **Funding Capacity & Mechanism:** Series A-C equity ticket sizes
($3\text{M} - 12\text{M}$), Joint Development Agreements (JDAs) with
milestone payments, and sponsored R&D grants.

* **Target Contact Targets:**

* Managing Director, Medtronic Ventures, Minneapolis, MN / San Jose, CA.

* VP of Technology & R&D, Medtronic Neuromodulation, Minneapolis, MN.

* Director of Global Corporate Development & Licensing, Dublin, Ireland.

#i#t#t 3.2 Abbott Laboratories (Abbott Ventures)



* **Tjcker / HQ:** NYSE: ABT | Abbott Park, IL, USA

* **Market Capitalization / Revenue:** ~$190\text{B}$ Market Cap |
~$41\text{B}$ Annual Revenue [9]

* **Strategic Fit:** **Tier-1 Volume Anchor (CGM & Point-of-Care
Diagnostics).** Abbott dominates the global continuous glucose monitoring
market (FreeStyle Libre) and point-of-care testing (i-STAT).

* **CVD Graphene Application:**

1. Continuous Roll-to-Roll (R2R) CVD graphene on micro-filaments for non-
enzymatic, 30+ day transdermal CGM sensors.

2. High-throughput multiplexed GFET biosensor microchips for i-STAT rapid
point-of-care test cartridges (troponin, infectious disease).

3. Anti-thrombotic monolayer graphene coatings on XIENCE™ drug-eluting
vascular stents.

* **Adoption Feasibility & Pathway:** High feasibility over a 2-4 year
timeframe. Abbott’s existing high-speed web handling and microfabrication
lines allow direct integration of R2R transferred CVD graphene films [2, 9].
* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* Coated Flexible Substrate Area ($\text{m}*2/\text{year}$)
and $200\text{mm}$ Wafer-Equivalents/year.

* *Calculation Basis:* Over 100 million disposable CGM sensor patches
annually ($0.5 - 1.5\text{ cm}"2$ per patch) plus tens of millions of i-STAT
cartridges.

* *pprojected Volume:* **$10,000 - 50,000\text{ m}"2/\text{year}$** of
flexible CVD graphene sheet and **$1,500 - 4,500\text{ }200\text{mm}\text{
wafer-equivalents/year}$**.

* **Corporate Venture & Funding Arm:**

* ¥*Funds:** **Abbott Ventures** & **Abbott Diabetes Care Innovation Fund**
[9].

* **Funding Capacity & Mechanism:** Strategic equity investments
($5\text{M} - 20\text{M}$), co-development grants, commercial licensing with
milestone payments, and supply off-take agreements.

* **Target Contact Targets:**

* Head of Abbott Ventures, Abbott Park, IL, USA.

* VP of R&D, Abbott Diabetes Care, Alameda, CA, USA.

* Divisional VP, Diagnostics Research & Technology, Abbott Park, IL.

### 3.3 Roche Diagnostics / F. Hoffmann-La Roche Ltd (Roche Venture Fund)
* **Ticker / HQ:** SIX: ROG / OTCQX: RHHBY | Basel, Switzerland

* **Market Capitalization / Revenue:** ~$220\text{B}$ Market Cap |
~$65\text{B}$ Total Revenue ($\sim \$16\text{B}$ Diagnostics) [10]

* **Strategic Fit:** **Tier-1 IVD & Molecular Diagnostics Major.** Roche
Diagnostics is the global leader in centralized lab automation, molecular
diagnostics, and tissue pathology.

* **CVD Graphene Application:**

1. Wafer-scale CMOS GFET microchips integrated into disposable microfluidic
cartridges for sub-minute, label-free detection of circulating tumor DNA
(ctDNA) and neurological biomarkers.

2. Bio-fouling-resistant GFET arrays for cobas® central laboratory bio-



analyzers.

* **Adoption Feasibility & Pathway:** High feasibility over a 3-5 year

timeframe. CMOS foundry-compatible CVD graphene transfer enables direct
scaling through existing semiconductor manufacturing channels [4, 10].

* **Annual Quantity Demand Forecast:**

* *Ynit Metrics:* $200\text{mm}$ Wafer-Equivalents/year and Processed
Sensor Dies/year.

* *Calculation Basis:* Transitioning ©.1% to 0.5% of Roche’s multi-billion
annual test volume to high-value GFET cartridges (10M-40M dies/year).

* *projected Volume:* **$2 500 - 8,000\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** ($10,000,000 - 40,000,000\text{ GFET dies/year}$).

* **Corporate Venture & Funding Arm:**

* **Funds:** **Roche Venture Fund (RVF)** (CHF 500M+ total capital) &
**Roche Diagnostics Partnering** [10].

* **Funding Capacity & Mechanism:** Series A-C equity investments
($5\text{M} - 15\text{M}$ ticket sizes), diagnostic partnership grants, and
co-development funding.

* **Target Contact Targets:**

* Managing Director, Roche Venture Fund, Basel, Switzerland / South San
Francisco, CA.

* Global Head of Partnering, Roche Diagnostics, Basel, Switzerland.

* Head of Open Innovation, Roche Diagnostics Solutions, Rotkreuz,
Switzerland.

#i##t 3.4 Illumina, Inc. (Illumina Ventures & Illumina Accelerator)

* **Ticker / HQ:** NASDAQ: ILMN | San Diego, CA, USA

* **Market Capitalization / Revenue:** ~$22\text{B}$ Market Cap |
~$4.5\text{B}$ Annual Revenue [11]

* **Strategic Fit:** **Tier-1 Genomics & Next-Generation Sequencing Anchor.**
I1lumina commands over 70% of the global NGS market, seeking next-generation
single-molecule sequencing technologies.

* **CVD Graphene Application:**

1. Solid-state single-molecule CVD graphene nanopore flow cells for direct
electrical long-read DNA/RNA sequencing without fluorescent tags.

2. High-density patterned CVD graphene microfluidic substrates to boost
fluorophore binding and reduce optical background noise in sequencing-by-
synthesis (SBS).

* **Adoption Feasibility & Pathway:** Moderate-to-High feasibility over a 3-5
year timeframe. Requires high-yield single-layer CVD graphene transfer over
silicon nitride micro-perforations and automated nanopore drilling [6, 11].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents/year.

* *Calculation Basis:* Supplying high-density nanopore flow cells across
Illumina’s global base of NovaSeq and benchtop sequencers.

* *ppojected Volume:* **$1,200 - 4,000\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** of pristine single-layer CVD graphene films.

* **Corporate Venture & Funding Arm:**
* **Fyunds:** **T1lumina Ventures** (Independent CVC fund) & **I1lumina



Accelerator** [11].
* **Fynding Capacity & Mechanism:** Early-stage equity capital ($2\text{M}
- 10\text{M}$), seed funding, free lab space, and sequencing credit packages
through the Illumina Accelerator (San Francisco & Cambridge, UK).
* **Target Contact Targets:**
* Founding Partner, Illumina Ventures, San Francisco, CA / San Diego, CA.
* Head of Illumina Accelerator, Foster City, CA, USA / Cambridge, UK.
* VP of Advanced Research & Sequencing Systems, San Diego, CA.

#i#t#t 3.5 Siemens Healthineers AG (Siemens Healthineers Ventures)

* **Ticker / HQ:** ETR: SHL | Erlangen, Germany

* **Market Capitalization / Revenue:** ~$65\text{B}$ (€60B) Market Cap |
~$23\text{B}$ (£21.7B) Annual Revenue [12]

* **Strategic Fit:** **Tier-1 Medical Imaging & Diagnostics Major.** Leading
innovator in CT, MRI, X-ray imaging panels, and automated laboratory
diagnostics (Atellica®).

* **CVD Graphene Application:**

1. Ultra-broadband terahertz and high-responsivity X-ray photodetectors for
low-dose digital radiography and intraoperative tissue imaging.

2. Bio-photonic and bio-electronic GFET immunoassay channels for Atellica®
point-of-care platforms.

* **Adoption Feasibility & Pathway:** Moderate feasibility over a 4-6 year
timeframe. Integrates via European silicon-photonic and semiconductor foundry
ecosystems (e.g., imec, STMicroelectronics) [3, 12].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents/year and Detector Area
($\text{m}"2/\text{year}s).

* *Calculation Basis:* Equipping digital radiography flat panels ($40\text{
cm} \times 40\text{ cm}$) and point-of-care diagnostic modules.

* *pprojected Volume:* **$800 - 2,500\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** and **$100 - 500\text{ m}~2/\text{year}$** of detector
film.

* **Corporate Venture & Funding Arm:**

* *¥*Funds:** **Sjemens Healthineers Tech Transfer & Ventures** & **EU
Horizon Europe Grants** [12].

* **Funding Capacity & Mechanism:** Corporate venture equity investments
($3\text{M} - 10\text{M}$), EU co-funding grant consortiums (Graphene
Flagshlp), and Joint Development Agreements.

* **Target Contact Targets:**

* Head of Siemens Healthineers Ventures & Startups, Erlangen, Germany.

* VP of Technology & Innovation - Diagnostic Imaging, Forchheim, Germany.

* Head of Molecular Diagnostics R&D, Tarrytown, NY, USA.

### 3.6 Dexcom, Inc. (Dexcom Ventures)
* **Ticker / HQ:** NASDAQ: DXCM | San Diego, CA, USA



* **Market Capitalization / Revenue:** ~$45\text{B}$ Market Cap |
~$3.6\text{B}$ Annual Revenue [13]

* **Strategic Fit:** **Pure-Play CGM & Wearable Biosensing Anchor.**
Dedicated leader in continuous glucose monitoring (Dexcom G6, G7), expanding
into multi-analyte metabolic tracking.

* **CVD Graphene Application:**

1. Continuous R2R CVD graphene on flexible polymer micro-filaments for non-
enzymatic tracking of glucose, lactate, and ketones in interstitial fluid.

2. Epidermal wearable patches for non-invasive cardiovascular and sweat
biomarker monitoring.

* **Adoption Feasibility & Pathway:** High feasibility over a 2-4 year
timeframe. Rapid adoption pathway replacing traditional wire electrodes with
high-throughput flexible CVD graphene filaments [2, 13].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* Coated Flexible Substrate Area in Square Meters
($\text{m}" 2/ \text{year}$).

* *Calculation Basis:* Deploying CVD graphene across $>60\text{ million}$
annual wearable sensor pods ($0.5 - 1.0\text{ cm}”*2$ per sensor).

* *ppojected Volume:* **$5,000 - 20,000\text{ m}*2/\text{year}$** of R2R
CVD graphene on flexible substrates.

* **Corporate Venture & Funding Arm:**

* **Fynds:** **Dexcom Ventures** ($100M+ allocated fund) [13].

* **Funding Capacity & Mechanism:** Early-to-growth stage equity tickets
($5\text{M} - 20\text{M}$), Joint Development Agreements (JDAs), and
exclusivity licensing with upfront milestone payments.

* **Target Contact Targets:**

* Managing Director, Dexcom Ventures, San Diego, CA, USA.

* VP of Advanced Technology & Sensor R&D, San Diego, CA, USA.

* Director of Strategic Corporate Development, San Diego, CA, USA.

## 4. Cross-Company Comparative Analysis & Recommendation Matrix
### 4.1 Corporate Adoption & Volume Summary Table

| Company | Primary Bio Application | Primary Volume Metric | Estimated
Annual Demand | Adoption Horizon | CVC / Funding Arm | Priority Score (1-10)
|
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| **Abbott Laboratories** | CGM Filaments & i-STAT PoC Chips | Flexible
$\text{m}~2/\text{yr}$ & $200\text{mm}$ Wafers | $10,000-50,000\text{ m}~2$ /
$1.5\text{k}-4.5\text{k}$ Wafers | 2-4 Years | Abbott Ventures | **9,8** |

| **Dexcom, Inc.** | Wearable CGM & Multi-Analyte Wires | Flexible Substrate
Area ($\text{m}~2/\text{yr}$) | $5,000-20,000\text{ m}*2/\text{year}$ | 2-4
Years | Dexcom Ventures | **9,5** |

| **Roche Diagnostics** | PoC GFET Cartridges & Lab Chips | $200\text{mm}$
Wafer-Equivalents/yr | $2,500-8,000\text{ Wafers/year}$ | 3-5 Years | Roche
Venture Fund | **9,2%* |



| **Medtronic plc** | Neural BCIs & Electrophysiology | $200\text{mm}$ Wafers
& Flexible $\text{m}~2$ | $800-2,500\text{ Wafers}$ / $250-1,000\text{ m}"2$
| 3-6 Years | Medtronic Ventures | **8.8** |

| **I1lumina, Inc.** | Single-Molecule DNA Nanopore Cells | $200\text{mm}$
Wafer-Equivalents/yr | $1,200-4,000\text{ Wafers/year}$ | 3-5 Years |
Illumina Ventures / Accelerator | **8.6** |

| **Siemens Healthineers** | Low-Dose X-Ray & THz Photodetectors |
$200\text{mm}$ Wafers & Substrate $\text{m}~*2$ | $800-2,500\text{ Wafers}$ /
$100-500\text{ m}"2$ | 4-6 Years | Siemens Healthineers Ventures | **7,9%* |

### 4.2 Strategic Categorization & Segmentation

1. **Near-Term High-Volume Anchors (2-4 Year Horizon):** **Abbott
Laboratories** and **Dexcom, Inc.** represent the largest immediate volume
drivers ($\sim 15,000 - 70,000\text{ m}~2/\text{year}$ combined). Driven by
fierce competition in continuous glucose monitoring, both firms urgently
require non-enzymatic sensing channels to extend sensor lifespan to 30+ days
and cut unit manufacturing costs.

2. **High-Margin Diagnostic & Genomic Disruption (3-5 Year Horizon):**
**Roche Diagnostics** and **Illumina, Inc.** represent high-margin foundry
wafer customers ($3,700 - 12,000\text{ }200\text{mm}\text{ wafers/year}$
combined). CVD GFET biosensors and single-molecule nanopores deliver
unprecedented attomolar sensitivity and long-read electrical DNA sequencing,
disrupting incumbent optical systems.

3. **Hjgh-Value Bioelectronics & Imaging Leaders (3-6 Year Horizon):**
**Medtronic plc** and **Siemens Healthineers AG** drive specialized, long-
term clinical integration across implantable neural interfaces, smart
catheters, and digital X-ray photodetectors, offering high-priced per-unit
licensing and corporate co-development funding.

## 5. Risk Assessment & Regulatory Mitigation Strategies

### 5.1 Regulatory & Biocompatibility Risk (FDA / EMA)

- **Risk:** Medical devices incorporating nanomaterials undergo stringent
regulatory scrutiny under FDA 510(k)/PMA pathways and EU MDR Class IIb/III
frameworks. Cytotoxicity or systemic nanomaterial shedding concerns could
stall clinical approvals.

- **Mitigation:** Pristine continuous monolayer CVD graphene is covalently
anchored to stable, biocompatible flexible substrates (Polyimide, PDMS, PET)
or silicon dioxide wafers. Full ISO 10993 compliance testing (cytotoxicity,
sensitization, systemic toxicity, hemocompatibility) must be executed during
pre-clinical co-development with CVC partners [7].

### 5.2 Scalability & Wafer/R2R Transfer Yield Risk

- **Risk:** Atomic pinholes, tears, or structural wrinkles during transfer
from growth catalysts (Cu/Pt) to target substrates degrade GFET
transconductance and increase noise.

- **Mitigation:** Partner with automated semiconductor foundries and roll-to-



roll suppliers utilizing electrochemical delamination (bubble transfer) or
dry polymer stamp transfers, yielding $>98\%$ functional die yield across
$200\text{mm}$ wafers and continuous rolls.

### 5.3 Bio-Fouling & Surface Functionalization Drift

- **Risk:** Non-specific protein adsorption in whole blood or interstitial
fluid can coat GFET channels, causing signal baseline drift.

- **Mitigation:** Implement bio-compatible anti-fouling surface
functionalization layers, such as PEGylated self-assembled monolayers (SAMs)
or zwitterionic polymer brushes, preserving target analyte specificity [4].

## 6. Venture Investment Recommendations & Syndication Strategy

1. **Structure Co-Investment Syndicates with Pure-Play Diagnostic & CGM
CVCs:** Lead Series A/B investment syndicates with **Abbott Ventures*¥*,
**Dexcom Ventures**, and **Roche Venture Fund**. Joint investments
($10\text{M} - 25\text{M}$ total syndicate rounds) de-risk technical
validation and provide guaranteed commercial off-take pathways.
2. **Leverage Non-Dilutive Seed Acceleration via Illumina Accelerator &
Grants:** Early-stage bioelectronic and genomic nanopore startups should
leverage the **Illumina Accelerator** (San Francisco / Cambridge, UK) and
European Horizon Europe grants to access state-of-the-art sequencing
foundries and non-dilutive capital without early equity dilution.
3. **Execute Phased Joint Development Agreements (JDAs):** Tie strategic
investments to milestone-based JDAs:

- *Phase 1 (Months 1-12):* Wafer-scale yield verification ($>95\%$) and
ISO 10993 biocompatibility sign-off.

- *Phase 2 (Months 13-24):* Microfluidic cartridge integration and
benchtop pilot validation against legacy ELISAs/enzymatic sensors.

- *Phase 3 (Months 25-36):* Multi-center clinical trial validation and
pre-commercial scale-up.
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# INVESTMENT MEMORANDUM: COMMERCIAL OPPORTUNITIES & CORPORATE ADOPTION OF CVD
GRAPHENE IN THE INDUSTRIAL MANUFACTURING SECTOR

**TQ:** Investment Committee / Strategic Venture Partners

**¥FROM: ** Advanced Materials & Industrial Cleantech Investment Team

**DATE: ** March 2026

**SUBJECT:** Commercialization Pathways, Corporate Adoption Feasibility,
Volume Forecasting, CVC Funding Arms, and Strategic Recommendation Matrix for
Chemical Vapor Deposition (CVD) Graphene in Industrial Manufacturing

## 1. Executive Summary & Core Investment Thesis

### 1.1 Executive Summary

Chemical Vapor Deposition (CVD) graphene is transitioning rapidly from
advanced laboratory validation into an essential functional material platform
across the multi-trillion-dollar global industrial manufacturing, heavy
machinery, process automation, and fluid control sectors [1, 2]. Unlike bulk
graphene nanoplatelets (GNPs) or graphene oxide (GO) powders—which are low-
margin ($10-$30/kg) additives used primarily for resin mechanical
reinforcement or conductive slurries—**proll-to-roll (R2R) single-layer and
multi-layer CVD graphene sheets** and **wafer-scale CVD films** represent
high-margin ($100-$250/m"2$ early commercial, scaling to $15-$30/m"2$), high-
moat functional surface products [3, 4].

Continuous CVD graphene produces large-area 2D atomic films possessing near-
theoretical crystalline perfection [1, 5]. These pristine sheets deliver



unmatched physical performance:

* **ltra-Low Friction & Zero-Wear Tribology ($\mu < ©.05%):** Reduces
friction coefficients on bearing raceways, mechanical seals, and valve spools
by up to **80%**, halting boundary lubrication wear and galling [4, 6].

* **Complete Chemical & Gas Impermeability:** Acts as an impermeable quantum
barrier against aggressive mineral acids ($\text{H}_ 2\text{SO} 4%,
$\text{HC1}$), sour gases ($\text{H}_2\text{S}$, $\text{CO}_2%), and atomic
hydrogen, eliminating hydrogen embrittlement and corrosion in chemical
process assets [5, 7].

* **High In-Plane Thermal Conductivity ($3,000-5,000\text{
W/m}\cdot\text{K}$):** Dissipates localized heat flux ($>500\text{ W/cm}"2%)
in Silicon Carbide (SiC) and Gallium Nitride (GaN) high-power industrial
motor drives, reducing junction thermal resistance by **30%-50%** [2, 8].

* **ltra-High Room-Temperature Electron Mobility ($>10,000\text{
cm}~2/\text{V}\cdot\text{s}$):** Powers sub-parts-per-billion (ppb) CVD
Graphene Field-Effect Transistor (GFET) chemical and gas micro-sensors for
real-time Industry 4.0 factory automation and environmental leak monitoring
[1, 9].

This investment memorandum evaluates eight global industrial manufacturing
market leaders: **Siemens AG**, **Honeywell International Inc.**, **AB SKF**,
**Emerson Electric Co.**, **ABB Ltd.**, **BASF SE**, **3M Company**, and
**Eaton Corporation plc**. We analyze their technical integration pathways,
quantify annual material demand across standardized metrics

($\text{m} 2/\text{year}$ and $200\text{mm}$ wafer-equivalents), evaluate
corporate venture capital (CVC) funding mechanisms ($> \$1.5\text{B}$ in
aggregated available fund capital), and present a sharp strategic
recommendation matrix.

INDUSTRIAL CVD GRAPHENE MARKET MAP

—_— + | TOTAL ADDRESSABLE MARKET
(TAM) | | Global Industrial Advanced Coatings & Sensors (~$6.8B) | +

SERVICEABLE ADDRESSABLE MARKET (SAM) | | Industrial Drives, GFET Process Sensors,
Valves, Heavy Bearings| | (~800,000 - 2,500,000 m”2/yr | $180M-$450M) | +——————

——+ | SERVICEABLE OBTAINABLE MARKET (SOM) | | Early-Mover Scale-Up Capture
across Tier 1 Industrial OEMs | | (~200,000 - 600,000 m”2/yr | $45M-$120M) | +————
+

### 1.2 Core Investment Thesis

1. **Critical Industrial Reliability & Efficiency Catalysts:** Unplanned
Downtime in global processing plants costs over $\$50\text{B}$ annually [10].
CVD graphene coatings extend component lifespans by $3\times-5\times$ in
extreme corrosive, high-wear, and high-thermal environments, providing
compelling ROI for industrial machinery OEMs.

2. **Multi-Billion-Dollar Total Addressable Market (TAM):** Integrating
continuous CVD graphene across industrial motor drive thermal spreaders, GFET



process gas sensors, severe-service control valves, low-friction bearings,
and specialty tapes yields a Serviceable Addressable Market (SAM) exceeding
$\$450\text{M}$ annually for raw/transferred film, expanding to
$>\$2.2\text{B}$ when integrated into qualified industrial modules [2, 6, 9].
3. **High Corporate Capital Readiness & Co-Investment Synergies:** Leading
industrial CVC arms—including Next47 (Siemens), Honeywell Ventures, SKF
Ventures, Emerson Ventures, ABB Technology Ventures, BASF Venture Capital, 3M
Ventures, and Eaton Ventures—have over $\$1.5\text{B}$ in active capital
pools, offering Series A-C equity checks, joint development agreements
(IDAs), and non-dilutive pilot co-funding [11, 12, 13, 14, 15, 16, 17, 18].

## 2. Technology Platform & Commercial Value Proposition

CVD graphene is synthesized via high-temperature ($800"\circ\text{C} -
1050™M\circ\text{C}$) catalytic decomposition of hydrocarbon gases (e.g.,
$\text{CH}_4%$) on copper or nickel foils, followed by Roll-to-Roll (R2R)
transfer or wafer-scale CMOS integration onto target industrial substrates
[1, 3, 5].

CVD GRAPHENE SINTERING & GROWTH
CH4 + H2 on Cu/Ni Catalyst Foil (800-1050°C) --> Monolayer Graphene

LT R +

|

v \)
—_— et +| ROLL-TO-ROLL (R2R)

TRANSFER | | WAFER-SCALE TRANSFER | | Stainless Steel, Titanium, Polymers| | CMOS /
SiC / GaN Substrates | | Hydraulic Valve Spools & Seals | | GFET Gas/Chemical Microchips |
— + + +] |+ + ++

—t+———+ ||| |VvVVV+ + + —_—t+ + + —+ |
High-Power VFD | | Chemical Reactor| | Smart Factory | | Smart Bearings | | Motor Drives | |
& Heat Exchanger| | GFET Process | | Piezoresistive | | Thermal Films | | Anti-Corrosion | |

Gas Sensors | | Wear Diagnostics| + ++ ++ A
—t||VVt—————- +p—— + | Hydraulic Valve | | Cleanroom Tape | | Plugs
& Seals | | & Thermal Pads | | Anti-Galling | | (3M Laminates) | +—————- T
—+

### Key Industrial Performance Benchmarks

| Industrial Domain | Performance Metric | Legacy Benchmark | CVD Graphene
Advantage | Reference Citation |
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| **Bearing & Seal Tribology** | Coefficient of Friction ($\mu$) & Wear Rate
| Steel/DLC ($\mu = ©.15 - 0.35%, High Wear) | Monolayer CVD Graphene ($\mu <



0.05%, Zero Wear) | Berman et al. [4] |

| **Severe Service Valves & Diaphragms** | Hydrogen Permeation & Corrosion
Rate | Gold / Platinum Coating ($>10\ \mu\text{m/yr}$) | Continuous CVD
Graphene Barrier ($<0.01\ \mu\text{m/yr}$) | Vlassiouk et al. [3] |

| **Industrial Process Sensing** | Gas Detection Limit & Thermal Ceiling |
Metal Oxide Sensors ($>10\text{ ppm}$, $<150*\circ\text{C}$) | GFET Microchip
($<0.5\text{ ppb}$, $>250~\circ\text{C}$) | Novoselov et al. [1] |

| **Motor Drive Thermal Management** | Substrate In-Plane Thermal
Conductivity | AIN Ceramics / Graphite ($180 - 35@\text{ W/m}\cdot\text{K}$)
| CVD Graphene Film ($3,000 - 5,000\text{ W/m}\cdot\text{K}$) | Ferrari et
al. [2] |

| **Cleanroom ESD & Shielding Tapes** | Sheet Resistance & Electrostatic
Decay | Metallic/Carbon Black Inks ($10~5 - 1078\ \Omega/\text{sq}$) | R2R
CVD Graphene ($<30\ \Omega/\text{sq}$, Ultra-Clean) | zhang et al. [5] |

## 3. Detailed Target Company Profiles & Adoption Assessments

### 3.1 Siemens AG (Siemens Digital Industries & Next47)

* **Ticker / HQ:** ETR: SIE / OTCQX: SIEGY | Munich, Germany

* **Market Capitalization / Revenue:** ~$145\text{B}$ Market Cap |
~$78\text{B}$ Annual Revenue [11]

* **Strategic Fit:** **Tier-1 Core Automation Leader.** Siemens is the
world’s dominant industrial automation and motor drive supplier.

* **CVD Graphene Application:**

1. GFET microchip sensors integrated into Simatic DCS process analyzers for
sub-ppb gas detection.

2. Flexible CVD graphene thermal spreaders in Sinamics SiC/GaN high-power
variable frequency drives.

3. Continuous anti-corrosion barrier coatings for gas/steam turbine
components.

* **Adoption Feasibility & Pathway:** High feasibility over a 3-5 year
timeframe. Requires ATEX explosion-proof certification and CMOS wafer
transfer integration [6, 11].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* Coated Surface Area ($\text{m}"2/\text{year}$) and
$200\text{mm}$ Wafer-Equivalents/year.

* *Calculation:* OQutfitting premium Sinamics motor drives ($500,000+$
annual production) plus turbine components requires **$25,000 - 80,000\text{
m}~2/\text{year}$**. Deployment of 125,000 to 375,000 GFET sensor dies
requires **$250 - 750\text{ }200\text{mm}\text{ wafer-equivalents/year}$**
[11].

* **Corporate Venture & Funding Arm:**

* *¥*fynds:** **Next47** (Corporate Venture Capital) & **Siemens Financial
Services (SFS)** [11].

* **Fynding Capacity & Mechanism:** Series A-C equity tickets ($2\text{M} -
10\text{M}$), Siemens Technology Accelerator funding, and Joint Development
Agreements (JDAs).

* **Target Contacts:**



* Managing Director, Next47 Venture Capital, Munich, Germany / Palo Alto,
CA.

* Head of Technology & Open Innovation, Siemens Digital Industries,
Erlangen, Germany.

* VP of Industrial Automation R&D, Siemens Technology Center, Munich.

### 3.2 Honeywell International Inc. (Honeywell Ventures & Process Solutions)
* **Tjcker / HQ:** NASDAQ: HON | Charlotte, NC, USA

* **Market Capitalization / Revenue:** ~$130\text{B}$ Market Cap |
~$38\text{B}$ Annual Revenue [12]

* **Strategic Fit:** **Tier-1 Volume Anchor for Sensing & Instruments.**
Honeywell leads global industrial process sensing and plant safety systems.

* **CVD Graphene Application:**

1. GFET toxic gas and VOC micro-sensors integrated into Honeywell Experion
PKS field nodes.

2. Impermeable anti-corrosion nanocoatings on Rosemount/SmartLine pressure
transmitter isolation diaphragms.

* **Adoption Feasibility & Pathway:** High feasibility (2-4 year horizon).
Honeywell Sensing & Safety Technologies can readily package GFET dies into
standard sensor housings [9, 12].

* **Annual Quantity Demand Forecast:**

* *Unit Metrics:* $200\text{mm}$ Wafer-Equivalents/year and Coated Area
($\text{m}" 2/ \text{year}$).

* *Calculation:* 150,000 to 500,000 GFET sensor dies annually require
**$300 - 1,000\text{ }200\text{mm}\text{ wafer-equivalents/year}$**.
SmartLine diaphragm barrier coatings require **$15,000 - 50,000\text{
m}~2/\text{year}$** [12].

* **Corporate Venture & Funding Arm:**

* **Fund:** **Honeywell Ventures** ($100\text{M}+$ fund capital) [12].

* **Fynding Capacity & Mechanism:** Direct equity investments ($1\text{M} -
5\text{M}$ check sizes), co-development grants, and supplier agreements.

* **Target Contacts:**

* Managing Director, Honeywell Ventures, Charlotte, NC / Menlo Park, CA.

* CTO, Honeywell Process Solutions, Houston, TX.

* Director of Advanced Sensing R&D, Honeywell Technology Center,
Minneapolis, MN.

#i## 3.3 AB SKF (SKF Group / SKF Ventures)
* **Tjcker / HQ:** STO: SKF-B / OTCQX: SKFRY | Gothenburg, Sweden
* **Market Capitalization / Revenue:** ~$10\text{B}$ Market Cap |
~$9.5\text{B}$ Annual Revenue [13]
* **Strategic Fit:** **Global Tribology & Rotating Equipment Leader.** SKF
produces $>500\text{M}$ bearings annually and leads condition monitoring.
* **CVD Graphene Application:**

1. Low-friction ($\mu < 0.05%), zero-wear CVD graphene nanocoatings on



precision bearing raceways and mechanical seals.

2. Integrated piezoresistive graphene strain/wear sensors in SKF Insight
smart bearings.

* **Adoption Feasibility & Pathway:** High feasibility (3-5 year scale-up).
SKF has existing PVD/DLC coating infrastructure, enabling fast adoption of
CVD graphene surface treatments [4, 13].

* **Annual Quantity Demand Forecast:**

* *Ynit Metrics:* Tribological Coated Area ($\text{m}"2/\text{year}$) and
$200\text{mm}$ Wafer-Equivalents/year.

* *Calculation:* Coating premium industrial bearings (2% of volume)
requires **$100,000 - 350,000\text{ m}~2/\text{year}$**. SKF Insight sensor
nodes require **$150 - 450\text{ }200\text{mm}\text{ wafer-
equivalents/year}$** [13].

* **Corporate Venture & Funding Arm:**

* *¥*Fyund:** **SKF Ventures** & SKF UTC R& Fund [13].

* **Funding Capacity & Mechanism:** Strategic equity tickets ($1\text{M} -
4\text{M}$), R&D grants, and JDA co-funding.

* **Target Contacts:**

* Head of SKF Ventures & Open Innovation, Gothenburg, Sweden.

* CTO, Group Technology Development, SKF RTD Center, Houten, Netherlands.

* Director of Tribology & Materials Science, SKF RTD, Gothenburg.

#i#t#t 3.4 Emerson Electric Co. (Emerson Ventures & Fisher/Rosemount)

* **Tjcker / HQ:** NYSE: EMR | St. Louis, MO, USA

* **Market Capitalization / Revenue:** ~$65\text{B}$ Market Cap |
~$15\text{B}$ Annual Revenue [14]

* *¥*Strategic Fit:** **Tier-1 Severe Service Fluid Control Leader.** Emerson
is the global authority in industrial valves and process measurement.

* **CVD Graphene Application:**

1. Impermeable anti-corrosion, anti-galling nanocoatings on Fisher severe-
service control valve plugs and stems.

2. Hydrogen barrier nanocoatings on Rosemount pressure diaphragms to halt
hydrogen degradation.

* **Adoption Feasibility & Pathway:** High feasibility (2-4 year timeframe).
Replaces costly gold/platinum coatings with superior 2D barrier films [3,
14].

* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Coated Component Area ($\text{m}~2/\text{year}$).

* *Calculation:* Severe-service valve trims and pressure diaphragms require
**$40,000 - 150,000\text{ m}~2/\text{year}$** of transferred CVD graphene
[14].

* **Corporate Venture & Funding Arm:**

* **Fund:** **Emerson Ventures** ($100\text{M}$ CVC allocation) [14].

* **Fynding Capacity & Mechanism:** Series A-B equity tickets ($1\text{M} -
S5\text{M}$), field pilot sponsorship, and off-take agreements.

* **Target Contacts:**
* Head of Emerson Ventures, St. Louis, MO.
* VP of Engineering & R&D, Fisher Valves, Marshalltown, IA.



* Director of Advanced Sensing, Rosemount Measurement, Chanhassen, MN.

#i## 3.5 ABB Ltd. (ABB Technology Ventures)
* **Tjcker / HQ:** SIX: ABBN / NYSE: ABB | Zurich, Switzerland
* **Market Capitalization / Revenue:** ~$90\text{B}$ Market Cap |
~$32\text{B}$ Annual Revenue [15]
* **Strategic Fit:** **Global Industrial Drives & Robotics Anchor.** ABB
leads heavy electrification and industrial robotics.
* **CVD Graphene Application:**

1. In-plane thermal spreaders ($3,000-5,000\text{ W/m}\cdot\text{K}$) in
ACS880/6080 medium-voltage motor drives.

2. Anti-static ESD and anti-wear nanocoatings on precision robotic
grippers.
* **Adoption Feasibility & Pathway:** High feasibility (2-3 year scale-up).
Replaces traditional thick graphite TIMs with sub-micron graphene sheets [2,
15].
* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Thermal & Surface Coating Area ($\text{m}*2/\text{year}$).

* *Calculation:* **$50,000 - 200,000\text{ m}~2/\text{year}$** of R2R CVD
graphene thermal and protective films [15].
* **Corporate Venture & Funding Arm:**

* **Fynd:** **ABB Technology Ventures (ATV)** ($300\text{M}+$ historical
deployment) [15].

* *¥*Fynding Capacity & Mechanism:** Equity checks ($2\text{M} -
8\text{M}$), JIDAs, and pilot grants.
* **Target Contacts:**

* Head of ABB Technology Ventures, Zurich, Switzerland / Silicon Valley,
CA.

* CTO, ABB Motion Division, Turgi, Switzerland.

* VP of Advanced Materials R&D, Corporate Research Center, Baden-Dattwil,
Switzerland.

#i## 3.6 BASF SE (BASF Venture Capital GmbH)

* **Tjcker / HQ:** ETR: BAS / OTCQX: BASFY | Ludwigshafen, Germany

* **Market Capitalization / Revenue:** ~$42\text{B}$ Market Cap |
~$68\text{B}$ Annual Revenue [16]

* **Strategic Fit:** **World’s Largest Chemical Producer.** Key provider of
industrial materials, catalysts, and asset coatings.

* **CVD Graphene Application:**

1. Impermeable anti-corrosion barrier coatings for chemical reactors and
heat exchangers resisting mineral acids ($\text{H}_2\text{S0}_4%,
$\text{HC1}$).

2. Conductive catalyst support templates for industrial chemical synthesis.
* **Adoption Feasibility & Pathway:** Moderate feasibility (3-5 year
horizon). Requires pinhole-free monolayer coverage [5, 16].



* **Annual Quantity Demand Forecast:**

* *Ynit Metrics:* Coated Area ($\text{m}~2/\text{year}$) and Mass
Equivalent ($\text{kg/year}$).

* *Calculation:* **$200,000 - 600,000\text{ m}*2/\text{year}$** of
continuous CVD graphene barrier film (~$150 - 450\text{ kg}$ active carbon
layer) [16].

* **Corporate Venture & Funding Arm:**

* *¥*fynd:** **BASF Venture Capital GmbH (BVC)** ($250\text{M}+$ fund
capital) [16].

* *¥*Fyunding Capacity & Mechanism:** Equity investments ($1\text{M} -
5\text{M}$), joint venture (JV) programs, and R&D grants.

* **Target Contacts:**

* Managing Director, BASF Venture Capital, Ludwigshafen, Germany /
Cambridge, MA.

* Head of Open Innovation, BASF Chemicals Center, Ludwigshafen.

* Director of Surface Technology R&D, BASF Corp, Wyandotte, MI.

#i## 3.7 3M Company (3M Ventures)
* **Ticker / HQ:** NYSE: MMM | St. Paul, MN, USA
* **Market Capitalization / Revenue:** ~$70\text{B}$ Market Cap |
~$32\text{B}$ Annual Revenue [17]
* **Strategic Fit:** **Global Industrial Tapes & Functional Materials
Leader.** World leader in Roll-to-Roll coating and film processing.
* **CVD Graphene Application:**

1. Roll-to-Roll CVD graphene flexible thermal interface pads and EMI
shielding tapes for industrial electronics.

2. Anti-static cleanroom laminates and planar radiant heating films.
* **Adoption Feasibility & Pathway:** Very High feasibility (2-3 year scale-
up). Perfectly aligned with 3M’s existing R2R manufacturing equipment [5,
17].
* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Continuous Film Area ($\text{m}"2/\text{year}$).

* *Calculation:* **$300,000 - 1,000,000\text{ m}"2/\text{year}$** of R2R
CVD graphene film [17].
* **Corporate Venture & Funding Arm:**

* **Fund:** **3M Ventures** [17].

* *¥*Fynding Capacity & Mechanism:** Equity tickets ($1\text{M} -
5\text{M}$), IDAs, and commercial licensing.
* **Target Contacts:**

* Managing Director, 3M Ventures, St. Paul, MN.

* VP of Industrial Business R&D, 3M Corporate Innovation Center, St. Paul,
MN.

* Global Director of Advanced Materials, 3M Innovation Center, Munich,
Germany.



### 3.8 Eaton Corporation plc (Eaton Ventures)
* **Tjcker / HQ:** NYSE: ETN | Dublin, Ireland / Southfield, MI, USA
* **Market Capitalization / Revenue:** ~$120\text{B}$ Market Cap |
~$23\text{B}$ Annual Revenue [18]
* **Strategic Fit:** **Hydraulic & Power Management Authority.** Eaton powers
heavy industrial machinery and fluid hydraulics.
* **CVD Graphene Application:**

1. Wear-resistant, anti-cavitation nanocoatings on hydraulic pump pistons,
swashplates, and valve spools.

2. Thermal management spreaders in industrial electrical power distribution
modules.
* **Adoption Feasibility & Pathway:** High feasibility (3-4 year horizon).
Replaces legacy PVD hard coatings with lower friction CVD graphene [4, 18].
* **Annual Quantity Demand Forecast:**

* *Unit Metric:* Coated Component Area ($\text{m}~2/\text{year}$).

* *Calculation:* **$30,000 - 120,000\text{ m}~2/\text{year}$** of
transferred CVD graphene [18].
* **Corporate Venture & Funding Arm:**

* **Fund:** **Eaton Ventures** ($50\text{M}+$ fund capital) [18].

* *¥*Fynding Capacity & Mechanism:** Strategic equity investment ($1\text{M}
- 4\text{M}$), prototyping co-funding, and supplier development.
* **Target Contacts:**

* Head of Eaton Ventures, Dublin, Ireland / Southfield, MI.

* VP of Technology, Industrial Sector, Eaton Center, Eden Prairie, MN.

* Chief Scientist, Eaton Research Center, Milwaukee, WI.

## 4. Sharper Recommendation & Strategic Investment Matrix

The matrix below synthesizes technical fit, market volume potential, CVC
readiness, and strategic recommendations for venture capital deployment and
corporate syndication.

| Company Name | Tier / Category | Strategic Alignment | Market Demand
Potential ($\text{m}"2$/yr or Wafers/yr) | CVC Arm & Available Capital Pool |
Target Entry Mode | Timeframe to Deployment | Risk Level | Actionable
Strategic Recommendation |
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| **Siemens AG** | **Tier-1 Core Major** | Very High (Drives, GFET, Turbines)
| $25\text{k}-80\text{k}\text{ m}*2/\text{yr}$<br>$250-750\text{ Wafers/yr}$
| **Next47 / SFS** ($> \$500\text{M}$) | Equity (Series A/B) + IDA | 3-5
Years | Medium | **High Priority:** Syndicate Series A/B with Next47 for GFET
sensor & VFD thermal module co-development. |

| **Honeywell International** | **Tier-1 Sensing Anchor** | Critical (GFET
Gas Sensors, Instruments) | $300-1,000\text{ Wafers/yr}$<br>$15\text{k}-
50\text{k}\text{ m}*2/\text{yr}$ | **Honeywell Ventures** ($> \$100\text{M}$)
| Equity + Commercial Off-Take | 2-4 Years | Low | **Immediate Action:** Lead
Series A round with Honeywell Ventures to supply GFET sensor dies for



Experion PKS nodes. |

| **3M Company** | **Tier-1 R2R Scale Anchor** | Critical (Specialty Tapes,
TIMs, ESD) | $30@\text{k}-1,000\text{k}\text{ m}*2/\text{yr}$ | **3M
Ventures** ($> \$150\text{M}$) | Joint Venture / Licensing + Equity | 2-3
Years | Low | **High Priority:** Partner on R2R transfer scale-up to
integrate CVD film into 3M thermal/EMI tape product lines. |

| **AB SKF** | **Strategic Tribology Partner** | High (Bearings, Seals, Wear
Sensors) | $100\text{k}-350\text{k}\text{ m}~2/\text{yr}$<br>$150-450\text{
Wafers/yr}$ | **SKF Ventures** ($> \$50\text{M}$) | IDA + Prototyping Grant |
3-5 Years | Medium | **Targeted Engagement:** Secure R& co-funding for low-
friction CVD graphene raceway coatings & SKF Insight nodes. |

| **Emerson Electric Co.** | **Strategic Valve/Diaphragm Partner** | High
(Fisher Valves, Rosemount) | $40\text{k}-150\text{k}\text{ m}~2/\text{yr}$ |
**Emerson Ventures** ($> \$100\text{M}$) | Equity + Pilot Field Trials | 2-4
Years | Low | **High Priority:** Structure pilot program with Emerson
Ventures for hydrogen-barrier pressure diaphragms. |

| **ABB Ltd.** | **Strategic Drive Partner** | High (MV Drives, Robotics
TIMs) | $50\text{k}-200\text{k}\text{ m}*2/\text{yr}$ | **ABB Tech Ventures**
($> \$300\text{M}$) | Equity (Series B) + Pilot Supply | 2-3 Years | Low |
**Actionable Target:** Co-invest with ATV to integrate CVD graphene thermal
spreaders into ACS880 inverter modules. |

| **BASF SE** | **Long-Term Chemical Partner** | Medium (Chemical Reactors,
Heat Exchangers) | $200\text{k}-600\text{k}\text{ m}*2/\text{yr}$ | **BASF
Venture Capital** ($> \$250\text{M}$) | Joint Venture / R& Grant | 3-5 Years
| High | **Secondary Target:** Engage BVC for pinhole-free reactor coating
trials under long-term joint development. |

| **Eaton Corporation** | **Hydraulic Niche Partner** | Medium (Hydraulic
Pumps, Valves) | $30\text{k}-120\text{k}\text{ m}~2/\text{yr}$ | **Eaton
Ventures** ($> \$50\text{M}$) | Grant + Supplier Development | 3-4 Years |
Medium | **Opportunistic:** Apply for Eaton Ventures prototyping grants for
anti-wear hydraulic spool nanocoatings. |

## 5. Venture Co-Investment & Financial Support Analysis

### 5.1 Corporate Venture Capital (CVC) Landscape & Co-Investment
Architecture

The eight targeted industrial leaders operate active corporate venture funds
representing over $\$1.5\text{B}$ in total allocated capital. CVC
participation provides deep-tech CVD graphene startups with three vital
strategic advantages:

1. **vValidation & Non-Dilutive Testbeds:** Access to proprietary industrial
test facilities (e.g., SKF Tribology Labs, Siemens Digital Enterprise Labs)
for ATEX and ISO certification.

2. **Built-in Supply Chain Off-Take:** Direct commercial transition from
successful pilot stage to multi-year purchase orders across the CVC parent’s
global manufacturing footprint.

3. **Syndication Capital:** CVC arms frequently co-invest alongside leading
financial venture capital firms (e.g., Breakthrough Energy Ventures, Khosla



Ventures, Bessemer Venture Partners), providing $\$1\text{M} - \$10\text{M}$
check sizes per funding round.

### 5.2 Non-Dilutive Public Grants & Federal Co-Funding Pathways

Industrial advanced materials startups can aggressively stack private CVC
equity with non-dilutive government grants:

* **US Department of Energy (DOE) Advanced Materials & Manufacturing
Technologies Office (AMMTO):** Grants of $\$1\text{M} - \$5\text{M}$ for
scalable roll-to-roll manufacturing of 2D materials and energy-efficient
thermal spreaders.

* **S National Science Foundation (NSF) SBIR/STTR Phase I/II:** Up to
$\$2\text{M}$ in non-dilutive funding for GFET chemical sensor microchip
commercialization.

* **E Horizon Europe / Chips Joint Undertaking (Chips 3JU):** Multi-million
Euro grants for 2D material CMOS integration (2D-EPL - 2D Experimental Pilot
Line) and green factory automation sensors.

* **German Federal Ministry of Education and Research (BMBF):** Industry 4.0
advanced material transition grants supporting German industrial partnerships
(Siemens, BASF).
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# INSTITUTIONAL INVESTMENT MEMORANDUM

*¥**TO:** Investment Committee / Venture Partners

**FROM: ** Advanced Materials & Smart Consumer Technology Practice Group
**DATE : ** September 2026

**SUBJECT:** Commercialization Strategy & Corporate Venture Engagement: CVD
Graphene Sheets in the Global Leisure, Outdoor, and Recreation Industry
**TARGET TECHNOLOGY:** Continuous Roll-to-Roll (R2R) Chemical Vapor
Deposition (CVD) Monolayer & Few-Layer Graphene Films

## 1. Executive Summary & Investment Thesis

### Opportunity Overview

The global leisure, outdoor, sports, and consumer recreation industry (valued
at >$850 Billion globally) is undergoing a major structural transition toward
smart, active, and multi-functional gear [1]. Chemical Vapor Deposition (CVD)
graphene sheets—transferred onto flexible substrates such as thermoplastic
polyurethane (TPU), polyethylene terephthalate (PET), textiles, and optical
polycarbonate—represent an enabling technology platform for next-generation
leisure products [2].

Unlike bulk graphene nanoplatelets (GNPs) or reduced graphene oxide (rGO)
powders utilized as mechanical reinforcement fillers in composite structures,
**CVD graphene sheets** provide continuous atomic-layer conductivity, high



optical transparency (>97.7% per monolayer), exceptional flexural endurance
(>100,000 bending cycles), and superior electrothermal conversion efficiency

[3].

—_——————— + | CVD GRAPHENE FILM
| | (Monolayer / Few-Layer R2R Sheet) | + +
+ |+ -+ ——+|||VVV+——
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BIOMETRIC & | | ACTIVE HEAT | | ANTI-FOG FILMS | | TACTILE SENSING | +———+———+
+———+———++———+———+| | | vv Ve Active Heated Jackets ¢ Anti-Fog Ski Goggles

Dry Biopotential (VF Corp / Columbia) (Oakley / EssilorLuxottica) Sensors
(Garmin/WHOOP)  Heated Gloves & Boots ¢ Action Camera Optics ¢ VR/AR Haptic Skins
(Amer Sports / Arc’'teryx) (GoPro) (Meta / Sony)

### Key Investment Highlights

*  **Massive TAM Expansion**: Across 10 primary leisure targets evaluated,
we project an aggregate annual commercial demand of **196,650 m2/year** of
high-purity CVD graphene films at scale, representing an annual film supply
market opportunity of **$35 Million to $60 Million** ($180-$300/m? target R2R
supply pricing) [4].

* **High-Margin Strategic Entry**: Initial adoption is concentrated in
high-margin, premium product lines (e.g., $600+ technical alpine jackets,
$300+ ski goggles, premium VR hardware, and luxury marine craft) where
material costs represent <3% of retail MSRP.

*  **Capital-Efficient Corporate Co-Funding**: Major leisure conglomerates
maintain active Corporate Venture Capital (CVC) arms, innovation labs, and
joint development grant programs capable of co-funding R2R manufacturing
scale-up, eliminating excessive venture dilution.

## 2. Technical Differentiation: CVD Sheets vs. Bulk Nanoplatelets

A critical risk in advanced materials investing is misidentifying the form
factor required for specific end-use cases. The table below delineates the
technical, economic, and functional differences between CVD Graphene and Bulk
GNPs in leisure applications [2, 5]:

| Property / Metric | CVD Graphene Sheets (Monolayer / Few-Layer) | Bulk
Graphene Nanoplatelets (GNPs / Powders) |
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| **Manufacturing Method** | Roll-to-Roll (R2R) CVD on Cu/Ni foil + substrate
transfer | Mechanical/chemical exfoliation of bulk graphite |

| **Physical Form Factor** | Continuous atomic film on PET, TPU, textile, or
glass | Fine black powder or dispersed liquid slurry |

| **Primary Function in Leisure** | Active electrothermal heating, optics,
dry bio-sensing | Mechanical stiffness, barrier enhancement, bulk resin
conductivity |



| **Optical Transparency** | **>97.7% (monolayer)**; ideal for lenses &
optics | **Opaque (0%)**; discolors host polymers |

| **Sheet Resistance ($R_s$)** | **30 - 300 $\Omega$/sq** (doped); continuous
planar path | High percolation threshold required (>1,000 $\Omega$/sq) |

| **Electrothermal Efficiency** | **Rapid 4@0°C-60°C rise in <5 sec at 3.7V-
Sv** | Inefficient; requires high voltage (>24V) due to particle contacts |

| **Flexural Endurance** | **>100,000 flex cycles** without conductivity loss
| Susceptible to micro-cracking and percolation loss under flex |

| **Target Product Lines** | Heated jackets, anti-fog goggles, VR haptics,
ECG wear | Carbon-fiber tennis rackets, bicycle frames, running shoe soles |

## 3. Detailed Corporate Partner Evaluation & Funding Programs

### A. VF Corporation (The North Face, Timberland)

* **Corporate Entity & HQ**: VF Corporation (NYSE: VFC), Denver, CO, USA
[6].

*  *¥*Syb-Sector**: Premium Outdoor Apparel & Alpine Outerwear.

* **CVD Graphene Use Case**: Flexible CVD graphene electrothermal heating
panels laminated into TPU linings of extreme winter outerwear (e.g., *The
North Face Summit Series*). Replaces resistive metal wires with ultra-light,
uniform Joule-heating patches powered by 5V USB power banks [7].

*  **Dedicated Corporate Funding Arms & Programs**:

*  ¥*VF Corporate Ventures**: CVC arm investing Series A/B capital ($2M-
$10M ticket sizes) in advanced sustainable materials, wearables, and supply
chain technologies.

*  **yF Global Innovation Center (Denver, CO)**: Provides non-dilutive
development grants, pilot testing facilities, and Joint Development
Agreements (JDAs) with milestone-backed purchase commitments [6].

*  **Adoption Feasibility & Timeframe**: **High | 3-5 Year Horizon**,
Requires validating 50+ commercial wash-cycle stability and optimizing R2R
lamination onto recycled polyester/TPU substrates.

*  **Annual CVD Graphene Demand Metric**: **42,000 m2/year**,

* *Rationale*: 350,000 alpine jackets/yr x 0.12 m2 CVD film per garment
(two 20 cm x 30 cm chest/back panels).

*  **Contact Target**: VP, Global Innovation & Material Science | VF Global
Innovation Lab [6].

### B. Columbia Sportswear Company

*  **Corporate Entity & HQ**: Columbia Sportswear Co. (NASDAQ: COLM),
Portland, OR, USA [8].

*  *¥*Syb-Sector**: Outdoor Apparel, Active Footwear, & Accessories.

* **CVD Graphene Use Case**: Active electrothermal evolution of Columbia's
flagship *Omni-Heat™* technology. Continuous CVD graphene film liners
transferred to base layers, ski jackets, and heated gloves for instant active
thermal warming [9].



* **Dedicated Corporate Funding Arms & Programs**:

* **Columbia Innovation Lab Grant Program**: Provides non-dilutive R&D
grants ($500K-$2M) for next-generation material platforms.

* **Omni-Heat Development Fund**: Dedicated R&D co-funding pool for
thermal management IP, offering upfront milestone payments and long-term
exclusive licensing royalties [8].

* **Adoption Feasibility & Timeframe**: **High | 2-4 Year Horizon**,
Columbia’s brand positioning heavily relies on thermal innovation, making
them a prime early adopter for active graphene heating.

*  **Annual CVD Graphene Demand Metric**: **50,000 m2/year**.

* *Rationale*: 500,000 active thermal outerwear & glove units/yr x 0.10
m2 average CVD film area per unit.

* **Contact Target**: Director of Apparel Innovation & Material Research |
Columbia Innovation Lab [8].

### C. Amer Sports / Arc'teryx

* **Corporate Entity & HQ**: Amer Sports Inc. (NYSE: AS), Helsinki, Finland
/ Arc'teryx Equipment, North Vancouver, BC, Canada [1@].

* **Sub-Sector**: Ultra-Premium Alpine Equipment & Technical Apparel.

*  *¥*CVD Graphene Use Case**: Ultralight electrothermal heating elements and
flex-strain sensors for Arc'teryx technical climbing shells and footwear.
Delivers targeted warmth and articulation monitoring in extreme sub-zero
alpine conditions [11].

* **Dedicated Corporate Funding Arms & Programs**:

*  **Amer Sports Innovation Fund**: Corporate venture and R&D fund
supporting high-performance apparel and hardware startups.

* **Anta Strategic Ventures**: Backed by parent firm Anta Sports,
providing growth equity ($3M-$15M) and Asian manufacturing scale-up support
[10].

* **Adoption Feasibility & Timeframe**: **Moderate | 3-5 Year Horizon**.
High technical bar for Gore-Tex integration and severe environmental
durability testing (-30°C operational integrity).

* **Annual CVD Graphene Demand Metric**: **15,000 m2/year**,

*  *Rationale*: 150,000 technical alpine outerwear units/yr x 0.10 m?
CVD film area per garment.

* **¥Contact Target**: Head of Advanced Concepts & Material Innovation |
Arc'teryx Design Center [10].

#i## D. EssilorLuxottica (Oakley / Ray-Ban)

* **Corporate Entity & HQ**: EssilorLuxottica SA (Euronext: EL), Paris,
France / Charenton-le-Pont / Oakley HQ, Foothill Ranch, CA, USA [12].

*  *¥*Syb-Sector**: Action Sports Optics, Ski Goggles, & Smart Eyewear.

* **CVD Graphene Use Case**: Transparent electrothermal anti-fog/de-icing
heating films laminated between polycarbonate lens layers on Oakley ski
goggles (*Oakley Airbrake*) and smart sports visors. Replaces double-lens



passive air gaps with active, crystal-clear 3.7V Joule heating [13].
* **Dedicated Corporate Funding Arms & Programs**:

* **EssilorLuxottica Corporate Venturing**: Direct CVC arm equity
investments ($2M-$12M) in smart eyewear, photonics, and advanced optical
coatings.

* **EssilorLuxottica Open Innovation Program**: Joint IP co-
development, lab access, and global distribution scale-up across 18,000+
retail locations [12].

* **Adoption Feasibility & Timeframe**: **High | 1-3 Year Horizon**. High
optical clarity requirement (>90% transmission) makes monolayer CVD graphene
the only viable flexible conductive film candidate.

* **Annual CVD Graphene Demand Metric**: **18,000 m2/year**,

*  *Rationale*: 1,200,000 premium ski goggles and optical visors/yr x
0.015 m? double-curved lens film area per unit.

* **Contact Target**: Global R&D Director, Smart Eyewear & Optics
Innovation | EssilorLuxottica Innovation Center [12].

### E. Garmin Ltd.

* **Corporate Entity & HQ**: Garmin Ltd. (NYSE: GRMN), Olathe, KS, USA
[14].

* **Sub-Sector**: Outdoor GPS Wearables, Athletic Performance Electronics,
& Smart Athleisure.

*  *¥*CVD Graphene Use Case**: Flexible, dry skin-conformal biopotential
electrodes (ECG/EMG) and stretchable biometric strain sensors integrated into
Garmin smart chest straps, sleeve compression wear, and smartwatch band
interiors [15].

* **Dedicated Corporate Funding Arms & Programs**:

*  **Garmin Health Innovation Enterprise Fund**: Commercial partnership
and funding arm for biometric sensor hardware integrating into the Garmin
Health API.

*  **Garmin Corporate Development / Ventures**: Strategic equity
investments ($1M-$5M) in sensor hardware, wireless bio-telemetry, and
wearable material platforms [14].

* **Adoption Feasibility & Timeframe**: **High | 2-3 Year Horizon**. Solves
traditional signal degradation and skin irritation associated with conductive
silver inks and gel electrodes.

*  **Annual CVD Graphene Demand Metric**: **15,000 m2/year**,

* *Rationale*: 1,500,000 smart athleisure biometric garments and
straps/yr x 0.01 m2 CVD sensor matrix per unit.

*  **Contact Target**: Business Development Director | Garmin Health
Enterprise Division [14].

### F. WHOOP, Inc.
*  **Corporate Entity & HQ**: WHOOP, Inc. (Private), Boston, MA, USA [16].
*  **Syb-Sector**: Human Performance, Athletic Recovery, & Wearable Health



Tech.

* **CVD Graphene Use Case**: Dry biopotential sensor arrays and skin-
temperature monitoring pads integrated into the *WHOOP Body* smart apparel
line (wearable compression shorts, bralettes, and athletic tops) [17].

* **Dedicated Corporate Funding Arms & Programs**:

* **WHOOP Applied Sensing Hardware Fund**: Dedicated internal R&D pool
and strategic venture fund offering co-development capital ($1M-$4M) and
exclusive supply agreements for novel sensor IP [16].

* **¥Adoption Feasibility & Timeframe**: **Moderate-High | 2-4 Year
Horizon**. WHOOP actively seeks hardware differentiation to defend its
subscription biometric ecosystem against Apple and Garmin.

* **Annual CVD Graphene Demand Metric**: **6,400 m2/year**,

* *Rationale*: 800,000 WHOOP Body smart apparel garments/yr x ©.008 m?2
CVD sensor matrix per unit.

* **¥Contact Target**: VP of Hardware Engineering & Sensor R& | WHOOP
Applied Sensing Lab [16].

### G. Meta Platforms, Inc. (Reality Labs)

* **Corporate Entity & HQ**: Meta Platforms, Inc. (NASDAQ: META), Menlo
Park, CA, USA [18].

* **Sub-Sector**: AR/VR Gaming Hardware, Immersive Wearables, & Smart
Glasses.

*  *¥*CVD Graphene Use Case**: Dual-use integration in *Meta Quest* VR
headsets and *Ray-Ban Meta* smart glasses: (1) Ultra-thin transparent lateral
heat spreaders to dissipate micro-display thermal load; (2) Flexible
capacitive touch and haptic strain sensor skins [19].

* **Dedicated Corporate Funding Arms & Programs**:

*  **Meta Reality Labs Venture Fund**: Strategic corporate venture arm
making multi-million-dollar equity investments ($5M-$25M) in deep-tech
hardware, optics, and advanced materials.

*  **Meta Horizon Innovation Grants**: Non-dilutive academic and startup
R&D grants for thermal management and wearable human-computer interaction
(HCI) technologies [18].

*  **Adoption Feasibility & Timeframe**: **High | 2-4 Year Horizon**.
Managing high thermal loads in compact, head-worn displays is a critical
hardware bottleneck that CVD graphene directly resolves.

*  **Annual CVD Graphene Demand Metric**: **30,000 m2/year**,

*  *Rationale*: 2,500,000 VR/AR hardware units & smart glasses/yr x
0.012 m2 CVD film area per unit.

*  **Contact Target**: Director of Hardware Materials Partnerships | Meta
Reality Labs Research [18].

##t# H. Sony Group Corporation (Sony Interactive Entertainment)
*  **Corporate Entity & HQ**: Sony Group Corporation (NYSE: SONY), Tokyo,
Japan / San Jose, CA, USA [20].



* **Sub-Sector**: Interactive Gaming, PlayStation Accessories, & Smart
Leisure Hardware.

* **CVD Graphene Use Case**: Flexible electrothermal tactile feedback
elements and motion-tracking sensor skins for *PlayStation VR2* controllers,
smart gaming gloves, and haptic suits. Enables real-time thermal/temperature
haptic sensations in virtual environments [21].

* **Dedicated Corporate Funding Arms & Programs**:

* **Sony Innovation Fund (SIF)**: Global CVC investing seed-to-growth
capital ($1M-$1eM) in deep-tech, hardware, materials, and immersive
entertainment platforms.

* **Tnnovation Growth Ventures (IGV)**: Joint VC fund co-managed by
Sony and Daiwa Capital to scale advanced manufacturing startups [20].

* **Adoption Feasibility & Timeframe**: **Moderate | 3-5 Year Horizon**,.
High interest in haptic innovation, though consumer price targets require low
R2R CVD graphene film manufacturing costs.

*  **Annual CVD Graphene Demand Metric**: **15,000 m2/year**,

* *Rationale*: 1,000,000 VR controllers and haptic gaming gloves/yr x
0.015 m?2 flexible CVD film matrix per unit.

*  **Contact Target**: Investment Director | Sony Innovation Fund / Sony
Interactive Entertainment R&D [20].

### I. Brunswick Corporation

* **Corporate Entity & HQ**: Brunswick Corporation (NYSE: BC), Mettawa, IL,
USA [22].

* **Sub-Sector**: Marine Recreation, Powerboats (Sea Ray, Boston Whaler), &
Mercury Marine.

* **CVD Graphene Use Case**: Atomic-layer anti-corrosion barrier and
transparent electrothermal anti-fog coatings on marine helm displays, yacht
windshields, and saltwater-exposed electronic sensors [23].

* **Dedicated Corporate Funding Arms & Programs**:

*  **Bpyunswick Boating Innovation Lab (i.ject Research Park, University
of Illinois)**: Corporate incubator providing pilot line integration grants
($250K-$1.5M) and marine environment validation testing.

* **Brunswick Ventures**: CVC arm investing in marine electrification,
autonomy, and advanced marine materials [22].

* **Adoption Feasibility & Timeframe**: **Moderate-High | 2-4 Year
Horizon**., CVD graphene's impermeability to moisture and salt-spray corrosion
offers significant performance gains over vulnerable Indium Tin Oxide (ITO)
coatings.

*  **Annual CVD Graphene Demand Metric**: **6,250 m2/year**.

*  *Rationale*: 25,000 boat helm display setups & marine visors/yr x
0.25 m2 CVD coating area per vessel.

*  **Contact Target**: Director of Advanced Marine Technology & Open
Innovation | Brunswick Innovation Lab [22].



### J. Trek Bicycle Corporation

* **Corporate Entity & HQ**: Trek Bicycle Corporation (Private), Waterloo,
WI, USA [24].

* **Sub-Sector**: High-Performance Cycling & Outdoor Sporting Equipment.

* **CVD Graphene Use Case**: Integrated continuous structural strain-
monitoring skins laminated onto premium carbon fiber bicycle frames and
handlebars. Real-time micro-crack detection and strain alerts for high-
performance cycling [25].

* **Dedicated Corporate Funding Arms & Programs**:

* **Trek Advanced Concepts Group (ACG) R& Fund**: Internal technology
accelerator offering R&D co-funding and Joint Development Agreements with
exclusive supply options.

*  **Trek Strategic Supplier Ventures**: Provides supplier advance
funding and joint equipment financing for advanced composite sensor
integration [24].

* **Adoption Feasibility & Timeframe**: **Moderate | 3-5 Year Horizon**,
High interest in non-destructive structural health monitoring for premium
carbon fiber frames.

*  **Annual CVD Graphene Demand Metric**: **4,000 m2/year**,

* *Rationale*: 80,000 premium carbon bicycles/yr x 0.05 m2? integrated
CVD strain gauge film per frame setup.

*  **Contact Target**: Director of Composite Engineering & Advanced Concepts
| Trek ACG [24].

## 4. Sharper Recommendation Matrix & Engagement Prioritization

To guide capital allocation and strategic business development, targets are
evaluated across a weighted scoring model (1.0 to 5.0 scale):

* **Strategic Fit (20%)**: Synergy with core product line and brand
marketing.

*  *¥*CVYD Volume Demand ($m~2$/yr) (20%)**: Total addressable film area
requirement.

*  **Cgpital & CVC Availability (20%)**: Balance sheet strength, active CVC
funding arm, and grant willingness.

*  **Time-to-Market (15%)**: Speed of product integration cycle (1-3 yrs vs
3-5 yrs).

*  **Tp Co-Development Flexibility (15%)**: Openness to shared IP and non-
exclusive supply deals.

*  **Margin & Unit Economics (10%)**: Value tolerance per square meter of
CVD film.



RECOMMENDATION MATRIX: EVALUATION OF TARGET CORPORATE
PARTNERS

Company Strategic Volume CVC Capital Time-to- IP Flex Margin Weighted Tier / Fit (20%)
(20%) (20%) Market(15%) (15%) (10%) Score Action
EssilorLuxottica 5.0 4.0 5.0 5.0 4.0 5.0 4.60
Tier 1 (Lead VC) VF Corporation 5.0 5.0 4.5 4.0 4.0 4.0 4.48 Tier 1 (Lead VC) Columbia
Sportswear 5.0 5.0 4.0 4.5 4.5 4.0 4.53 Tier 1 (JDA/Grant) Meta (Reality Labs) 4.5 5.0 5.0
3.53.55.0 4.40 Tier 1 (Lead VC) Garmin Ltd. 4.5 4.0 4.0 4.5 4.0 4.5 4.23 Tier 2 (JDA) Sony
Group 4.0 4.0 5.0 3.0 3.5 4.0 3.98 Tier 2 (CVC) Amer Sports 4.5 3.5 4.0 3.5 4.0 4.5 3.98 Tier
2 (JDA) Brunswick Corp 4.0 3.0 3.5 4.0 4.0 4.0 3.70 Tier 2 (Grant) WHOOP, Inc. 4.0 3.0 3.0
3.5 3.5 4.0 3.50 Tier 3 (Supplier) Trek Bicycle 3.5 2.5 3.0 3.0 4.0 3.5 3.18 Tier 3 (Supplier)

### Strategic Engagement Tiering
1. **Tier 1: Immediate Anchor Partners & CVC Lead Target Investors (Score >
4.30)%*

* *EssilorLuxottica, Columbia Sportswear, VF Corporation, Meta Reality
Labs*.

* *Action*: Pursue immediate co-investment / CVC equity lead
engagements paired with joint development grants to fund pilot R2R lamination
lines.

2. **Tier 2: Co-Development & Grant Funding Partners (Score 3.70 - 4.30)**

* *Garmin, Sony Group, Amer Sports, Brunswick Corp*.

*  *Action*: Structure milestone-based Joint Development Agreements
(IDAs) with upfront non-dilutive NRE (Non-Recurring Engineering) grants.

3. **Tier 3: Secondary Commercial Off-Take Targets (Score < 3.70)**

*  *WHOOP, Trek Bicycle*.

* *Action*: Engage via standardized supplier agreements once R2R film
manufacturing reaches TRL 8+.

## 5. Commercialization Roadmap for CVD Graphene Startups

PHASE 1 (MOS 1-18): TRL 4-6 PHASE 2 (MOS 18-36): TRL 7-8 PHASE 3 (MOS 36-60): TRL 9
- + + ++ + |
Pilot R2R Etch & Transfer | | Qualification & Pilot Lines | | Commercial Mass Production | | -
Target R2R width: 300mm-600mm | | - 50+ wash-cycle apparel cert. | | - Full 1000mm R2R
line deployment | | - Secure Tier 1 CVC / Grants | -> | - Optical anti-fog qualification | -> | -
Off-take delivery: >100,000 m? | | - Unit Cost: $500/m? -> $300/m? | | - Tier 1/2 JDA
expansion | | - Target Film Cost: <$100/m? | | - Milestone: 5,000 m?/yr capacity | | - Unit
Cost: $300/m? -> $180/m? | | - Margin Profile: 55%-65% Gross | +—

—t + —_—t t +




### Commercialization Milestones

*  **%phase 1 (Months 1-18 | TRL 4-6)**: Establish 30@mm-600mm roll-to-roll
(R2R) copper etching and dry transfer line onto TPU/PET substrates. Secure
$3M-$5M in non-dilutive corporate grants and CVC seed capital from Tier 1
targets (EssilorLuxottica, Columbia, VF Corp).

*  **phgse 2 (Months 18-36 | TRL 7-8)**: Perform qualification testing
(AATCC 135 washability, flex endurance, thermal cycling). Build a 30,000
m2/year pilot production line funded via Series A CVC syndicate.

*  **phgse 3 (Months 36-6@0 | TRL 9)**: Scale to a 1,000mm wide continuous
R2R manufacturing line with automated optical inspection (AOI). Achieve unit
manufacturing costs below $100/m?, executing multi-year off-take supply
agreements across Tier 1 and Tier 2 partners.

## 6. Key Investment Risks & Mitigation Strategies

1. **Substrate Transfer Cost & Yield Bottlenecks**:

* *Risk*: Conventional wet transfer of CVD graphene from copper foil
using PMMA handles is slow, chemical-intensive, and yields defects at scale.

*  *Mitigation*: Implement direct dry roll-to-roll lamination or
electrochemical delamination (e.g., bubbling transfer method) that reuses
copper substrates up to 100 times, reducing raw material costs by >60% [1,
26].

2. **Apparel Laundering & Flex Endurance Degradation**:

*  *Risk*: Repeated machine washing and extreme stretching can cause
micro-delamination and loss of electrical continuity.

* *Mitigation*: Encapsulate CVD graphene sheets within ultra-thin
double-sided TPU film sandwiches using hot-melt calendering, ensuring
complete liquid impermeability and maintaining conductivity through 50+
standard wash cycles [3, 7].

3. **Electrical Interconnect Reliability**:

*  *Risk*: Rigid metal solder joints fail when connected to flexible
graphene sheets under mechanical flexure.

*  *Mitigation*: Utilize screen-printed flexible conductive silver-epoxy
busbars and anisotropic conductive films (ACF) to distribute mechanical
strain at contact terminals [15].
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Website: [https://www.trekbikes.com](https://www.trekbikes.com).
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## EXECUTIVE SUMMARY & CORE INVESTMENT THESIS

Chemical Vapor Deposition (CVD) graphene is reaching a pivotal commercial
inflection point. For over a decade, graphene was restricted to low-margin
bulk powder markets (liquid-phase exfoliated flakes added to concrete,
rubber, or basic composite resins). Today, **atomic-layer CVD graphene**-—
synthesized as continuous single-layer or few-layer films on catalytic
metallic substrates or directly via Plasma-Enhanced CVD (PE-CVD)—is breaking
through as an essential microelectronics and advanced manufacturing material

[1].

Driven by the physical limits of copper interconnects at sub-2nm
semiconductor logic nodes, severe thermal dissipation bottlenecks in
$500\text{W+}$ AI GPU/accelerator packaging, and stringent weight reduction
targets in aerospace de-icing, the demand for wafer-scale and roll-to-roll
(R2R) CVD graphene films is accelerating rapidly [2].



### Key Investment Highlights:

1. **Unrivaled Multimodal Performance:** In-plane thermal conductivity of
$3,000\text{--}5,000\text{ W/m}\cdot\text{K}$, intrinsic electrical
conductivity of $1076\text{ S/m}$, electron mobility exceeding $200,000\text{
cm}~2/\text{V}\cdot\text{s}$, 97.7% optical transparency, and complete atomic
gas impermeability [3].

2. **Substantial Total Addressable Market (TAM):** The global CVD graphene
market for advanced manufacturing is projected to grow from **$280 million in
2024 to $2.85 billion by 2032** (CAGR of 33.6%), with microelectronics
thermal management and semiconductor Back-End-of-Line (BEOL) interconnects
capturing over 62% of initial value [4].

3. **Strong Corporate Investment Appetite:** Tier-1 industrial giants
(Applied Materials, Samsung, Intel, Henkel, Bosch, Airbus, Lockheed Martin)
are actively deploying Corporate Venture Capital (CVC) funds, non-dilutive
co-development grants, and joint development agreements (JDAs) to secure
proprietary supply and mature manufacturing readiness levels from TRL 4/5 to
TRL 8 [5].

4., **Actionable Syndication Opportunity:** A syndicate structure combining
strategic CVC equity capital ($1M-$15M check sizes) with non-dilutive public
grants (US CHIPS Act NAPMP, EU Graphene Flagship / EIC Accelerator, DoD SBIR
Phase III) provides an asymmetric risk-return profile with a clear path to
high-margin commercial off-take agreements [6].

## 1. MARKET DYNAMICS & MANUFACTURING VALUE CHAIN ANALYSIS

### 1.1 Market Sizing & Segment Trajectory (2025-2032)

The commercialization of CVD graphene spans five core manufacturing
verticals. The Serviceable Addressable Market (SAM) is concentrated in high-
value electronic and aerospace applications where legacy materials fail.

Global CVD Graphene Market in Manufacturing (2025 vs 2032)

[
—— | 2025 ($365M) | | [Semico: $120M] [Thermal: $110M] [Aero: $65M]

[Auto/Disp: $70M] |
I_

4 | 2032 ($2.85B) | | [Semiconductor BEOL & EUV: $1.05B] | | [Thermal
Management & Packaging: $880M] | | [Aerospace & Defense Skins: $420M] | |
HAutomotive Power & MEMS: $320M] | | [Displays & Optoelectronics: $180M] |

S

### 1.2 Technology Benchmarking: CVD Graphene vs. Alternative Advanced
Materials



| Performance Attribute | CVD Monolayer Graphene | Liquid-Phase Exfoliated
(LPE) Powder | Carbon Nanotubes (CNTs) | Synthetic Pyrolytic Graphite |
Copper Foil (Standard) |

el IR EECEC N T I BT
| **In-Plane Thermal Conductivity ($W/m\cdot K$)** | **3,000 - 5,000** [3] |
200 - 800 (composite) | 1,500 - 3,000 | 1,000 - 1,700 | 385 - 400 |
| **Electrical Mobility ($cm”~2/V\cdot s$)** | **>10,000 - 200,000** [1] |
<100 | 1,000 - 10,000 | N/A | Bulk Conduction |
| **Thickness / Weight Profile** | **@,335 nm (Monolayer)** | 1 - 100 um | 1
- 50 nm diameter | 10 - 100 pm | 12 - 35 pm |
| **Optical Transparency (%)** | **97.7%** | Opaque (<10%) | Low (<60%) |
Opaque (0%) | Opaque (0%) |
| **Primary Form Factor** | **Wafer / R2R Sheet** | Powder / Masterbatch |
Yarn / Dispersion | Sheet / Pad | Foil / Wire |
| **Cost Trajectory (2026 vs 2030)** | **$150/m2 = $18/m2** [7] | $50/kg =
$15/kg | $200/kg = $60/kg | $12/m> = $8/m2 | $3/m? |

### 1.3 Unit Economics & Price Elasticity Curve

Currently, single-layer CVD graphene on copper foil costs approximately **$80
to $250 per $m"2$** depending on defect density ($I_D/I_G$ ratio) and grain
boundary size [7]. Dry transfer onto target substrates (300mm silicon wafers,
PET, polyimide) adds $100 to $300 per unit.

As automated Roll-to-Roll (R2R) equipment speeds increase from 0.2 m/min to
**352.0 m/min**, unit costs are projected to fall below **$20/m2 by 2029**,
crossing the economic adoption threshold for mass automotive and consumer
electronic applications [7, 8].

## 2. TARGET COMPANY PROFILES & STRATEGIC FIT ANALYSIS

The following 10 corporate entities represent the primary commercialization
vectors for CVD graphene in manufacturing.

### 2.1 Applied Materials, Inc. (AMAT)

* **Tndustry Vertical:** Semiconductor Capital Equipment & Materials
Engineering

* **pebsite:** [www.appliedmaterials.com](https://www.appliedmaterials.com)
* **CVC/Funding Arm:** Applied Ventures LLC
([www.appliedventures.com](https://www.appliedventures.com))

#### Strategic Rationale & Application

In sub-2nm logic nodes, copper interconnects suffer exponential resistance
increases due to sidewall electron scattering [2]. AMAT is engineering atomic
deposition (ALD/CVD) and wafer transfer modules to integrate single-layer CVD
graphene capping sheets over Cu/Ru interconnects, halting electromigration



and reducing RC delay [9]. AMAT also targets CVD graphene for Extreme
Ultraviolet (EUV) lithography pellicles, leveraging its >97% transparency and
thermal stability under 600W EUV scanner beams [10].

#### Quantitative Annual Demand Estimate

* **Metric:** 300mm Transferred Wafer Equivalents ($m”*2$ equivalent)

* **Demand Quantity:** **150,000 to 300,000 300mm wafers/year** (~10,600 to
21,200 $m"2$/year) for internal tool development, process integration kits
(PIKs), and pilot customer evaluation. Scalable to >2,000,000 wafers/year
(~141,400 $m~2$/year) upon HVM tool adoption.

#### Strategic Funding Mechanism & Contact

* **Financial Model:** Corporate Equity Investment via Applied Ventures ($1M-
$10M) + Joint Development Agreements (JDAs) + Tool Development Grants [5].

* **Contact Target:** Managing Director, Applied Ventures LLC / VP of
Materials Engineering Solutions.

* *¥*Tnquiry Email:** "“applied_ventures@amat.com’

### 2.2 Taiwan Semiconductor Manufacturing Co., Ltd. (TSMC)

* **Industry Vertical:** Pure-Play Semiconductor Foundry

* **pebsite:** [www.tsmc.com](https://www.tsmc.com)

* **CVYC/Funding Arm:** TSMC Open Innovation Platform (OIP) / Corporate R&D
Grants

#### Strategic Rationale & Application

TSMC’s advanced node roadmap (N2, Al6) requires 2D atomic materials to
overcome physical silicon scaling limits [11]. TSMC evaluates wafer-scale
transferred CVD graphene for low-resistance BEOL interconnect barriers, gate
dielectric cap layers, and high-speed optical modulators integrated into
CoWoS advanced packages [12].

#### Quantitative Annual Demand Estimate

* **Metric:** 300mm Transferred CVD Graphene Wafers per Year

* **Demand Quantity:** **500,000 to 1,200,000 300mm wafers/year** (~35,300 to
84,800 $m"2$/year) at initial node ramp.

#### Strategic Funding Mechanism & Contact

* **Financial Model:** Non-Recurring Engineering (NRE) R&D Grants + High-
Volume Commercial Off-Take Agreements + TSMC OIP Ecosystem Integration [11].
* **Contact Target:** Head of Advanced Technology Business Development /
Director of Emerging Material Solutions.

* *¥*Tnquiry Email:** "~ oip@tsmc.com”

### 2.3 Samsung Electronics Co., Ltd. (Samsung Foundry & Samsung Display)
* **Tndustry Vertical:** Integrated Electronics, Semiconductor Foundry &



Display Manufacturing

* **pebsite:** [www.samsung.com](https://www.samsung.com)

* **CVC/Funding Arm:** Samsung Catalyst Fund
([www.samsungcatalyst.com] (https://www.samsungcatalyst.com)) / Samsung
Ventures

##t## Strategic Rationale & Application

Samsung Advanced Institute of Technology (SAIT) pioneered early R2R CVD
graphene synthesis on copper foils [13]. Samsung Display targets R2R CVD
graphene films as flexible transparent conductive electrodes (TCEs) replacing
brittle Indium Tin Oxide (ITO) in foldable OLED displays [14]. Samsung
Foundry targets wafer-scale CVD graphene for thermal dissipation spreaders in
mobile APs and AI chiplets [13].

#### Quantitative Annual Demand Estimate

* **Metric:** Roll-to-Roll Film Area ($m”*2$) + 300mm Wafer Equivalents

* **Demand Quantity:** **250,000 to 600,000 $m~2$/year** of R2R CVD film for
displays/thermal sheets; **300,000 300mm wafer equivalents/year** (~21,200
$m~2$/year) for foundry packaging.

#### Strategic Funding Mechanism & Contact

* **Fjinancial Model:** Direct CVC Equity Financing (Samsung Catalyst Fund &
Samsung Ventures, check size $1M-$15M) + SAIT Joint Research Grants [5].

* **Contact Target:** VP & Head of Samsung Catalyst Fund / SAIT Material
Science Director.

* *¥*Tnquiry Email:** "~ catalyst@samsung.com’

#i## 2.4 Henkel AG & Co. KGaA (Adhesive Technologies Division)

* *¥*Tndustry Vertical:** Specialty Electronic Materials & Thermal Management
* *¥Website:** [www.henkel.com](https://www.henkel.com)

* **CVC/Funding Arm:** Henkel Tech Ventures ([www.henkel-

techventures.com] (https://www.henkel-techventures.com))

#### Strategic Rationale & Application

As AI data centers exceed $500\text{ W/cm}”*2$ chip thermal flux, standard
phase-change materials fail. Henkel laminates continuous R2R CVD graphene
sheets onto copper or aluminum carriers to manufacture ultra-thin, high-in-
plane thermal conductivity ($>1,500\text{ W/m}\cdot\text{K}$) Thermal
Interface Materials (TIMs) under its Bergquist brand [15].

#### Quantitative Annual Demand Estimate

* **Metric:** Continuous Roll-to-Roll CVD Film Area ($m”*2$/year)

* **Demand Quantity:** **100,000 to 350,000 $m"2$%$/year** of continuous R2R
film.

#### Strategic Funding Mechanism & Contact
* **Financial Model:** Strategic Minority Equity Investment (€1M-€5M via



Henkel Tech Ventures) + Joint Development & Commercialization Agreements
[15].

* **Contact Target:** Head of Henkel Tech Ventures / Global Open Innovation
Manager, Electronics.

* *¥*Tnquiry Email:** "~ techventures@henkel.com”

### 2.5 Intel Corporation (Intel Foundry / Component Research)

* **Tndustry Vertical:** Integrated Logic Semiconductor & Advanced Packaging
* **pebsite:** [www.intel.com](https://www.intel.com)

* **CVC/Funding Arm:** Intel Capital

([www.intelcapital.com] (https://www.intelcapital.com))

#### Strategic Rationale & Application

Intel Component Research actively investigates monolayer graphene
interconnect caps and package-level heat dissipation layers for EMIB and
Foveros 3D heterogeneous packaging [16]. Offering embedded CVD graphene
thermal spreaders gives Intel Foundry Services (IFS) a compelling edge for AI
accelerator customers [17].

#### Quantitative Annual Demand Estimate

* **Metric:** 300mm Transferred Wafer Equivalents ($m~2$/year)

* **Demand Quantity:** **200,000 to 500,000 300mm wafer equivalents/year**
(~14,100 to 35,300 $m~2%$/year).

#### Strategic Funding Mechanism & Contact

* **Financial Model:** Venture Capital Equity ($2M-$20M via Intel Capital) +
Intel Foundry Innovation Fund Grants [5].

* **Contact Target:** Managing Director, Intel Capital (Silicon Lead) /
Director of Component Research.

* *¥*Tnquiry Email:** “intelcapital@intel.com’

### 2.6 Airbus SE

* **Tndustry Vertical:** Commercial Aerospace & Defense Manufacturing
* *¥Website:** [www.airbus.com](https://www.airbus.com)

* *¥*CVC/Funding Arm:** Airbus Ventures
([www.airbusventures.vc](https://www.airbusventures.vc))

#### Strategic Rationale & Application

Airbus validated CVD graphene under the EU Graphene Flagship program for
composite aircraft structures [18]. Primary applications include
electrothermal wing de-icing skins (reducing system weight by up to 100 kg
per wing), lightning strike protection, and anti-corrosion barrier films on
aluminum-lithium airframe joints [19].

#### Quantitative Annual Demand Estimate



* **Metric:** Large-Area R2R Transferred CVD Film ($m~2$%/year)
* **Demand Quantity:** **15,000 to 45,000 $m"2$/year** of high-uniformity
film transferred onto aerospace composite prepregs.

#### Strategic Funding Mechanism & Contact

* **Einancial Model:** Venture Equity Investment ($1M-$8M via Airbus
Ventures) + EU Horizon Europe / JTI Co-funding Grants + Prototype Development
Contracts [18].

* *¥*Contact Target:** Partner, Airbus Ventures / VP of Materials & Processes
Engineering.

* *¥*Tnquiry Email:** "~ contact@airbusventures.vc’

### 2.7 Lockheed Martin Corporation

* **Industry Vertical:** Defense, Aerospace & Advanced Security Systems

* **pebsite:** [www.lockheedmartin.com](https://www.lockheedmartin.com)

* *¥*CVC/Funding Arm:** Lockheed Martin Ventures
([www.lockheedmartin.com/ventures](https://www.lockheedmartin.com/en-us/who-
we-are/lockheed-martin-ventures.html))

#### Strategic Rationale & Application

Lockheed Martin’s Skunk Works utilizes multi-layer CVD graphene films for
frequency-selective radar absorption (stealth), thermal protection systems
(TPS) in hypersonic glide vehicles, and lightweight EMI shielding for
military avionics [20].

#### Quantitative Annual Demand Estimate

* **Metric:** Specialty High-Purity Film Area ($m"2$/year)

* **Demand Quantity:** **8,000 to 25,000 $m~2%$/year** of single and multi-
layer CVD graphene films.

#### Strategic Funding Mechanism & Contact

* **Financial Model:** Strategic Equity Capital ($1M-$5M via Lockheed Martin
Ventures) + DoD SBIR/STTR Phase III Matching Funds + Classified Development
Contracts [20].

* **Contact Target:** General Partner, Lockheed Martin Ventures / Chief
Technologist, Skunk Works.

* **Tnquiry Email:** ~ventures.lm@lmco.com’

### 2.8 Robert Bosch GmbH

* *¥*Tndustry Vertical:** Automotive Tier-1, Power Electronics & Sensors

* **pebsite:** [www.bosch.com](https://www.bosch.com)

* *¥*¥CVC/Funding Arm:** Bosch Ventures (Robert Bosch Venture Capital - RBVC)
([www.rbvc.com](https://www.rbvc.com))

#### Strategic Rationale & Application



Bosch targets CVD graphene sheets for direct thermal packaging of Silicon
Carbide (SiC) power modules in 800V EV inverters to dissipate localized hot
spots [21]. Additionally, Bosch utilizes wafer-scale CVD graphene membranes
in MEMS pressure and acoustic sensors, delivering $10\times$ higher
sensitivity than silicon diaphragms [22].

#### Quantitative Annual Demand Estimate

* **Metric:** Transferred Film Area ($m~2$) & 200mm MEMS Wafer Equivalents
* **Demand Quantity:** **50,000 to 150,000 $m"2$%$/year** equivalent across
power module packaging and MEMS wafer 1lines.

#### Strategic Funding Mechanism & Contact

* **Financial Model:** CVC Equity Financing (€1M-€10M via RBVC) + Corporate
Research Grants + Pilot Off-take Contracting [21].

* **Contact Target:** Investment Partner, RBVC / Head of Corporate Research
in Advanced Materials.

* *¥*Tnquiry Email:** "~ rbvc@bosch.com’

### 2.9 Boyd Corporation

* **Tndustry Vertical:** Precision Thermal Management Manufacturing

* **Website:** [www.boydcorp.com](https://www.boydcorp.com)

* *¥*CVC/Funding Arm:** Corporate Growth Capital / Private Equity Innovation
Funds (backed by Goldman Sachs Asset Management)

#### Strategic Rationale & Application

Boyd integrates continuous CVD graphene films onto ultra-thin vapor chamber
shells and flexible graphite substrates. This yields hybrid thermal spreaders
exceeding $2,000\text{ W/m}\cdot\text{K}$ for hyperscale AI servers and
mobile electronics [23].

#### Quantitative Annual Demand Estimate

* **Metric:** Continuous Roll-to-Roll Film Area ($m~2$/year)

* **Demand Quantity:** **80,000 to 200,000 $m"2$/year** of continuous R2R
film.

#### Strategic Funding Mechanism & Contact

* **Financial Model:** Commercial Off-take Agreements + Co-Manufacturing
Joint Venture Capital + Strategic Growth Investment [23].

* **Contact Target:** VP of Global Technology & Innovation / Chief Technology
Officer.

* *¥*Tnquiry Email:** "~ info@boydcorp.com”

### 2.10 Honeywell International Inc. (Electronic Materials)
* **Industry Vertical:** Industrial Manufacturing, Specialty Materials &
Sensors



* **pebsite:** [www.honeywell.com](https://www.honeywell.com)

* *¥*CVC/Funding Arm:** Honeywell Ventures
([www.honeywell.com/ventures](https://www.honeywell.com/us/en/company/honeywe
11-ventures))

#### Strategic Rationale & Application

Honeywell Electronic Materials incorporates CVD graphene into next-generation
nanocomposite thermal pads and ultra-sensitive industrial gas sensing arrays
for hydrogen and toxic gas monitoring [24].

#### Quantitative Annual Demand Estimate
* **Metric:** Transferred Film Area ($m~2$/year)
* **Demand Quantity:** **60,000 to 180,000 $m"2$/year**.

#### Strategic Funding Mechanism & Contact

* **Fjinancial Model:** Corporate Venture Equity ($1M-$8M via Honeywell
Ventures) + Strategic Supplier Development Capital [24].

* **Contact Target:** Managing Director, Honeywell Ventures / Director of
R&D, Electronic Materials.

* *¥*Tnquiry Email:** ~honeywellventures@honeywell.com’

## 3. PUBLIC & CONSORTIUM FUNDING PROGRAM ECOSYSTEM

To minimize equity dilution during technology maturation, developing CVD
graphene companies can leverage significant non-dilutive public and
consortium funding vehicles:

Global Non-Dilutive Funding Landscape

| | United States | | « CHIPS Act NAPMP & NSTC Grants: $300M-+
allocated to Advanced | | Packaging & Sub-2nm Substrates [25]. | | e DoD SBIR/STTR
Phase III & CRP: Up to $15M matching funding for | | defense platform adoption [20]. |
e DARPA SALI (Science of Atomic Layer Interfaces): $5M-$10M grants. |

I_

. |Eunuwan[hﬁon| |-EU(haphenthgdﬁp/}kmmonEunnw:€1B
total ecosystem fund; | | 2D-EPL (2D Experimental Pilot Line) provides direct tool access
[18]. | | ¢ EIC Accelerator: Up to €2.5M non-dilutive grant + €15M direct | | equity
ilnjection for deep-tech scaling [26]. |

## 4. SHARPER RECOMMENDATION MATRIX



The following weighted evaluation matrix scores each corporate target across
eight strategic vectors, providing an actionable ranking for venture
syndication, JDA structuring, and commercial pipeline prioritization.

### Evaluation Criteria & Weightings:

1. **Strategic Fit (15%):** Alignment between company pain points and CVD
graphene capabilities.

2. **Adoption Willingness (15%):** Internal momentum, patent activity, and
urgency to adopt.

3. **TRL Gate Required (10%):** Technology Readiness Level threshold for
pilot deployment (Lower TRL requirement = faster entry).

4. **Target Volume Scale (15%):** Annual unit/area demand potential.

5. **Funding Availability (15%):** Balance sheet strength and dedicated CVC
check size.

6. **Valuation Impact (10%):** Expected valuation uplift upon securing
partner contract.

7. **Commercial Horizon (10%):** Expected time to revenue (Years).

8. **Risk Profile (10%):** Technical, regulatory, and integration risk
barriers.

### Recommendation Scoring Matrix

| Target Company | Strategic Fit (1-5) | Adoption Willingness (1-5) | TRL
Gate Required | Annual Target Volume Metric | Primary Funding Vehicle |
Strategic Valuation Impact | Expected Adoption Horizon | Overall Risk Rating
| Composite Score (Out of 100) | Priority Rank |

I e A T HE e B GEEE I I IR I R BEER
| i---: |

| **Applied Materials** | 5 | 5 | TRL 5 | 150k-300k Wafers/yr | Applied
Ventures Equity + JDA | Very High | 1-2 Yrs | Med | **93.5%% | **g1*x |

| **Henkel AG** | 5 | 5 | TRL 4 | 100k-350k $m~2$/yr | Henkel Tech Ventures
Equity | High | 1-2 Yrs | Low | **92.@%* | #*f2** |

| **Samsung Electronics**| 5 | 5 | TRL 5 | 250k-600k $m"2$ + 300k Wafers|
Samsung Catalyst Fund Equity | Very High | 2-3 Yrs | Med | **9@.5%* | **#3%x*

| **Boyd Corp.** | 5 | 4 | TRL 4 | 80k-200k $m~2$/yr | Strategic Off-take /
PE Growth | ngh | 1-2 Yrs | Low | **88.5%* | *x#4q** |

| **TSMC** | 5 | 4 | TRL 6 | 500k-1.2M Wafers/yr | TSMC OIP Grant /
Commercial Off-take| Transformative| 3-4 Yrs | Med-High| **86.0** | **#5** |
| **Robert Bosch** | 4 | 4 | TRL 5 | 50k-150k $m~2$/yr eq. | RBVC Venture
Equity + Grant | High | 2-3 Yrs | Med | **84.5%* | **gg** |

| **Intel Corp.** | 4 | 4 | TRL 6 | 200k-500k Wafers/yr | Intel Capital
Equity + Foundry Fund| High | 2-3 Yrs | Med-High| **83.@%* | **#7%* |

| **Honeywell** | 4 | 4 | TRL 4 | 60k-180k $m~2$/yr | Honeywell Ventures
Equity | Moderate | 2-3 Yrs | Low-Med | **81.5%* | **gg** |

| **Lockheed Martin** | 4 | 4 | TRL 5 | 8k-25k $m”~2$/yr | LM Ventures + DoD
SBIR III | High | 1-3 Yrs | Med | **80.0%* | **#9** |



| **Airbus SE** | 4 | 3 | TRL 6 | 15k-45k $m~2$/yr | Airbus Ventures + EU
Grant | High | 3-4 Yrs | High | **76.0** | **g10** |

## 5. RISK MATRIX & DE-RISKING ROADMAP

—_— + | RISK MATRIX | | | | HIGH |
[Risk 2: CapEx Scale] | | | | | IMPACT | [Risk 1: Yield/Transfer] | | | | | MED | [Risk 4: Fab
Qual] [Risk 3: Margin Compression] | | | | | LOW | [Risk 5: IP Litigation] | | +
+ | LOW MEDIUM HIGH | | PROBABILITY | +———m———
-+

### Risk Mitigation Strategies:
1. **Risk 1: Wafer Transfer Yield & Defect Density (High Impact / Med-High
Probability)**

* *Mitigation:* Transition from polymer-assisted wet transfer (PMMA) to
**clean dry physical transfer** or direct low-temperature PE-CVD growth
($<400™M\circ\text{C}$) directly on target dielectric/wafer substrates [9].
2. **Risk 2: High Capital Intensity of Roll-to-Roll Systems (High Impact /
Medium Probability)**

* *Mitigation:* Adopt modular, sub-tier roll-to-roll CVD reactors with
inline optical Raman spectroscopy defect monitoring to maintain high yield at
$>2.0\text{ m/min}$ line speeds [8].

3. **Risk 3: Margin Compression from Legacy Alternatives (Medium Impact /
Medium Probability)**

* *Mitigation:* Target applications with strict physical performance
boundaries (e.g., sub-2nm BEOL interconnects and $>500\text{W/cm}~2$ AI
server cooling) where copper, synthetic graphite, and CNTs physically fail
[2].

4. **Risk 4: Multi-Year Fab Qualification Cycles (Medium Impact / Low-Medium
Probability)**

* *Mitigation:* Execute pre-qualification through consortium pilot lines
(e.g., EU 2D-EPL, IMEC 2D Pilot Line, US NSTC NAPMP) to achieve TRL 6 prior
to entering commercial fab qualification [25].

## 6. INVESTMENT EXECUTION & TECHNOLOGY MATURATION ROADMAP

To maximize IRR and achieve commercial exit within 4-5 years, we recommend a
phased syndication and maturation roadmap:

Technology Maturation & Investment Execution Timeline

| | Phase 1: Months 0-12 (TRL 4 = TRL 6) - Pilot
Optimization | | » Capital Deployment: $8M Series A ($5M CVC Equity + $3M Grant Co-



funding) | | e Key Target Partners: Henkel Tech Ventures, Applied Ventures | | .
Deliverable: Validate continuous 300mm dry-transfer tool & R2R line |
|_

4 | Phase 2: Months 12-24 (TRL 6 = TRL 7) - Consortium &
Fab Qualification | | e Capital Deployment: $20M Series B ($12M CVC Syndicate + $8M
CHIPS Act) | | e Key Target Partners: Samsung Catalyst, Intel Capital, Boyd Corp | | .
Deliverable: Achieve defect ratio I_D/I_G < 0.05 across 300mm wafers

|_

. | Phase 3: Months 24-42 (TRL 7 = TRL 8/9) - High-
Volume Manufacturing (HVM) | | » Capital Deployment: $45M Growth Round / Strategic
Tool Supply Agreement | e Key Target Partners: TSMC, Applied Materials, Bosch | | .
]?:Xit Event: Strategic Trade Sale to Tier-1 Semiconductor/Material Giant |
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# INVESTOR MEMORANDUM: Commercialization Strategy, CVC Funding Ecosystem &
Adoption Roadmap for CVD Graphene in the Marine Industry

*¥**TO:** Investment Committee & Corporate Venture Partners

**FROM:** Deep Tech & Maritime Advanced Materials Investment Advisory
**DATE : ** September 2026

**SUBJECT:** Investment Opportunities, Commercialization Feasibility,
Quantified Demand, and Strategic Corporate Venture Capital (CVC) Engagement
for Chemical Vapor Deposition (CVD) Graphene Technologies in Global Marine
Markets

## 1. Executive Summary & Investment Thesis

### Macro Decarbonization & Sensorization Drivers
The global maritime industry is experiencing a regulatory and technological
paradigm shift driven by stringent International Maritime Organization (IMO)



2030/2050 greenhouse gas (GHG) reduction targets [1], stricter biofouling
regulations (IMO MEPC.378(80)) [2], and the rapid transition toward zero-
emission alternative fuels ($LH_ 2%, $NH_3$, methanol) [3]. Furthermore, naval
defense and commercial fleet operators are aggressively digitizing vessel
operations through subsea acoustic arrays, structural health monitoring
(SHM), and autonomous navigation sensors [4].

### The Technological Imperative of CVD Graphene

Chemical Vapor Deposition (CVD) graphene—characterized by continuous, atomic
monolayer or few-layer films grown on catalytic metal foils or semiconductor
substrates—solves fundamental engineering bottlenecks that conventional
materials and bulk graphene nanoplatelet (GNP) powder mixtures cannot address
[5]:

1. **Gas & Hydrogen Impermeability:** Zero atomic permeability to hydrogen
($H_2%), helium ($He$), and chloride ions ($C1”*-$), mitigating hydrogen
embrittlement in marine fuel cell bipolar plates and composite fuel storage
tanks [6].

2. **Nanoporous Water Separation:** Atomically thin nanoporous membranes
providing $10\times \text{ to } 100\times$ higher water flux than traditional
polyamide reverse osmosis (RO) membranes for shipboard desalination and oily
water treatment [7].

3. **High-Mobility Sensing Channels:** Ultra-high electrical mobility
($>200,000 \text{ cm}”*2/\text{V}\cdot\text{s}$) enabling micro-second
response in Graphene Field-Effect Transistor (GFET) biofouling detectors,
acoustic hydrophones, and micro-crack strain sensors [8].

4. **Thermal Management:** Extreme thermal conductivity ($\sim 5,000 \text{
W/m}\cdot\text{K}$) for heat dissipation in high-power marine electric
propulsion inverters and radar arrays [9].

### Addressable Market Opportunity (TAM / SAM / SOM)

* **Total Addressable Market (TAM):** $18.4 Billion globally across marine
coatings, desalination equipment, marine fuel cells, subsea sensors, and
power electronics [10].

* **Serviceable Addressable Market (SAM):** $2.1 Billion for advanced
functional barrier films, high-flux separation membranes, GFET sensor chips,
and thermal management films in specialized marine applications [11].

* **Serviceable Obtainable Market (SOM):** ¢$380 Million by 2032 for early-
adopting CVD graphene suppliers targeting marine fuel cell bipolar plates,
GFET oceanographic sensors, and RO membrane retrofits [12].

GLOBAL MARINE TAM: $18.4B
(Marine Coatings, Desalination, Fuel Cells, Subsea Sensors, Electronics)

—_— + | CVD GRAPHENE SAM: $2.1B | |
(Functional Barrier Films, GFET Dies, RO Membranes, TIM Spreaders) | | | | +——————
+| | | CVD GRAPHENE SOM: $380M | | | | (Early Adoption:
H2 Bipolar Plates, Sonar GFETs, Marine RO) | | | +
|l +




## 2. In-Depth Corporate Venture Capital (CVC) Ecosystem & Funding Programs

Industrial leaders across the marine ecosystem operate specialized Corporate
Venture Capital (CVC) arms, open innovation hubs, and pilot grant vehicles
designed to co-fund and mature deep-tech startups.

CVC & CORPORATE FUNDING LANDSCAPE FOR CVD GRAPHENE

Corporate VC / Accelerator | Primary Focus | Typical Capital

AkzoNobel Paint the Future | Barrier Coatings & Sub-components | $100k-$1M Grants
ABB Technology Ventures | Marine TIM & GFET Power Sensors | $1M-$10M Equity
Wartsila Venturing | H2 Fuel Cell Bipolar Plates | $500k-$5M Equity HD Hyundai Ventures
| Cryo-LH2 Barriers & Smart Hull | $2M-$15M Equity Alfa Laval Ventures | Nanoporous
RO Membranes | $1M-$5M Equity Thales Corporate Ventures | Acoustic Sonar & EMI
Shielding | $1M-$8M Equity

#i#t#t 1. AkzoNobel N.V. (*Paint the Future* Accelerator & Venture Arm)

* **Funding Unit:** AkzoNobel Ventures & *Paint the Future* Challenge [13].
* **Website:**

[https://www.letspaintthefuture.com] (https://www.letspaintthefuture.com)

* **Check Size & Structure:** Non-dilutive proof-of-concept grants ($100,000
- $500,000) for pilot phase; minority equity investments ($1IM - $5M) via
AkzoNobel Ventures for scaling phase.

* **Tnvestment Criteria:** High-barrier functional coatings, non-toxic
biofouling barriers, and thin-film anti-corrosion protection.

* **Strategic Value Add:** Direct access to global testing facilities in
Sassenheim (Netherlands) and commercial distribution channels across
commercial shipping lines.

* **Key Executive Target:** Head of Open Innovation & Lead Director, *Paint
the Future*, AkzoNobel N.V.

#i## 2. ABB Ltd. (*ABB Technology Ventures* & *SynerLeap*)

* **Funding Unit:** ABB Technology Ventures (ATV) & SynerLeap Innovation Hub
[14].

* **pNebsite:** [https://www.abb.com/ventures](https://www.abb.com/ventures) |
[https://www.synerleap.com](https://www.synerleap.com)

* *¥*Check Size & Structure:** Seed to Series B equity investments ($1 Million
- $10 Million); SynerlLeap provides non-dilutive incubation grants, laboratory
access, and engineering mentorship without equity drop.

* *¥*Tnvestment Criteria:** Thermal management in power electronics, marine
frequency converter cooling, high-precision current sensing, and smart vessel
automation.

* **Strategic Value Add:** Integration into ABB’s Azipod electric propulsion
supply chain and global marine power distribution systems.

* **Key Executive Target:** Managing Director, ABB Technology Ventures
(Zurich, Switzerland) / Head of SynerLeap (Vasteras, Sweden).



### 3. Wartsilad Corporation (*Wartsila Venturing* & *SparkUp*)

* **Funding Unit:** Wartsila Venturing & SparkUp Partner Platform [15].

* *ihebsite:**
[https://www.wartsila.com/innovation](https://www.wartsila.com/innovation)
* **Check Size & Structure:** Early-stage equity co-investments ($500,000 -
$5 Million), milestone-driven Joint Development Agreements (JDAs), and
commercial pilot co-funding.

* **Tnvestment Criteria:** Green hydrogen/ammonia infrastructure, fuel cell
stack durability, anti-corrosion barrier coatings, and marine decarbonization
tech.

* **Strategic Value Add:** Full-scale testing at Wartsila’s Sustainable
Technology Hub in Vaasa, Finland, and immediate access to global shipowner
order books.

* **Key Executive Target:** Head of Wartsila Venturing & Chief Innovation
Officer, Helsinki, Finland.

### 4. HD Hyundai Co., Ltd. (*HD Hyundai Ventures* & *Future Tech Institute*)
* **Funding Unit:** HD Hyundai Ventures & HD Korea Shipbuilding & Offshore
Engineering (HD KSOE) R&D Fund [16].

* *¥¥pebsite:** [https://www.hd-ksoe.com](https://www.hd-ksoe.com)

* **Check Size & Structure:** Strategic equity investments ($2 Million - $15
Million) combined with co-funded Korean Government MOTIE research grants ($1M
- $3M non-dilutive).

* **Tnvestment Criteria:** Cryogenic liquid hydrogen ($LH_2$%$) tank gas
barrier liners, fuel cell bipolar plate protection, autonomous vessel
sensors, and structural health monitoring.

* **Strategic Value Add:** Direct adoption into the world’s largest shipyard
shipbuilding pipeline (HD Hyundai Heavy Industries, Hyundai Mipo, Hyundai
Samho).

* **Key Executive Target:** Managing Director, HD Hyundai Future Technology
Institute (Seongnam, South Korea).

#i## 5. Alfa Laval AB (*Alfa Laval Ventures* & *Innovation House*)

* **Funding Unit:** Alfa Laval Corporate Ventures [17].

* **hebsite:**
[https://www.alfalaval.com/investors](https://www.alfalaval.com/investors)
* **Check Size & Structure:** Minority equity investments ($1 Million - $5
Million) with commercial pilot pre-purchase agreements.

* **TInvestment Criteria:** Advanced membrane filtration, energy-efficient
reverse osmosis desalination, and marine fluid separation technologies.

* **Strategic Value Add:** Commercialization through Alfa Laval’s global
marine freshwater generator product line.

* **Key Executive Target:** Managing Director, Alfa Laval Ventures, Lund,
Sweden.

##t# 6. Thales Group (*Thales Corporate Ventures*)
* **Funding Unit:** Thales Corporate Ventures & Thales Research & Technology
(TRT) [18].



* **pebsite:** [https://www.thalesgroup.com](https://www.thalesgroup.com)

* *¥*Check Size & Structure:** Series A/B strategic equity investments ($1
Million - $8 Million) alongside co-funding via French Defence Innovation
Agency (AID) grants.

* **Tnvestment Criteria:** Subsea acoustic sensing, underwater hydrophones,
radar-absorbing materials (RAM), and electromagnetic interference (EMI)
shielding.

* *¥*Strategic Value Add:** Qualification for European naval defense programs
and NATO maritime security architectures.

* **Key Executive Target:** Director of Research & Technology, Thales
Underwater Systems, Sophia Antipolis, France.

## 3. Quantified Demand, Unit Economics & ROI Analysis

To establish a commercialization roadmap, we project annual CVD graphene
volume requirements, unit metrics, target cost parity thresholds, and end-
user ROI across key marine product lines [19].

ANNUAL DEMAND & UNIT ECONOMICS METRICS BY SECTOR

Marine Application Annual Volume Metric Unit Target Cost
Sector Demand (2030) Parity ($)

1. Fuel Cell 1,200,000 - m?/year (Foil) $20 - $50 / m?
Bipolar 3,000,000 500,000 - m?/year (Film) $30 - $80 / m?
Plates/H2 1,650,000 180,000 - m?/year (Membrane) $100 - $250 /

2. Marine 500,000 270,000 - Units/year (Dies) m? $15 - $45 /
Coatings & 850,000 30,000 - m?/year (Sheet) sensor chip $150
C]addings 150,000 -$400 / m?

3. RO
Desalination
Membranes

4. Subsea Sensors
/ GFETs

5. Electronics TIM
& Heat Spread

### Strategic Unit Economics & ROI Highlights

1. **Marine Fuel Cell Bipolar Plates:**

* **problem:** Acidic marine fuel cell condensate causes
titanium/stainless steel plate corrosion within 5,000 operational hours,
raising stack replacement costs [20].

* *¥*CVD Solution:** Transferring an atomic CVD graphene monolayer extends
bipolar plate lifetime beyond 30,000 operational hours while maintaining
interfacial contact resistance (ICR) $<5 \text{ m}\Omega\cdot\text{cm}~2$.



* **End-User ROI:** **$420,000 savings per fuel cell stack overhaul**;
payback period $<8% months.

2. **Desalination RO Membranes:**

* **ppoblem:** Conventional polyamide RO membranes suffer severe
biofouling and operate at high pressures ($55-70 \text{ bar}$), consuming
significant auxiliary fuel [21].

* *¥*CVD Solution:** Nanoporous single-layer CVD graphene membranes
increase water flux by $300\%-500\%%$, reducing operating pressures to $30-40
\text{ bar}$.

* **pnd-User ROI:** **$28\%$ reduction in shipboard desalination energy
consumption**, reducing fuel burn by $\sim 15 \text{ metric tons/year}$ per
vessel.

3. **Subsea Sonar & SHM GFET Sensors:**

* **problem:** Piezo-ceramic hydrophones lack frequency agility and suffer
signal degradation in shallow/turbid waters [22].

* *¥*CYD Solution:** CVD GFET arrays provide flat frequency response ($0.1
\text{ Hz} - 100 \text{ kHz}$) with ultra-high signal sensitivity ($>10
\text{ mv/Pa}$).

* **End-User ROI:** Eliminates signal processing hardware weight by $60\%$
while increasing submarine/AUV acoustic detection range by $35\%$%.

## 4. Sharper Strategic Recommendation & Investment Matrix

We evaluate candidate corporations using a multi-dimensional scoring
framework across 7 key parameters:

1. **Strategic Alignment (SA):** Alignment between corporate roadmap and CVD
graphene capability (Scale 1-10).

2. **Technical Integration Feasibility (TIF):** Ease of incorporating CVD
graphene into current manufacturing (Scale 1-10).

3. **Timeframe to Commercial Adoption (TCA):** Short (1-3 yrs), Medium (3-5
yrs), Long (5+ yrs).

4. **Annual Addressable Volume (AAV):** High ($>500\text{k } m"2$), Medium
($100\text{k-}500\text{k } m~2$), Niche ($<1@0\text{k } m~2$ or chip units).
5. **Capital Availability & CVC Mechanism (CAC):** Balance sheet strength and
active VC investment vehicle (Scale 1-190).

6. **Financial Support Likelihood Score (FSLS):** Overall probability of
securing equity, grants, or JDAs (Scale 1-190).

7. **Actionable Strategic Recommendation:** Primary engagement pathway for
developing CVD graphene startups.

STRATEGIC RECOMMENDATION &
INVESTMENT MATRIX

Company SA TIF Timeframe Addr CAC FSLS Actionable
Name Volume Strategic
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## 5. Non-Dilutive Grant & Public Funding Catalysts

Recommendation

Target for Wartsila
Venturing Equity +
JDA Pilot | Lead CVC
Partner for Cryo-H2
Tank/Fuel Cell
Barriers | Apply to
SynerLeap
Accelerator + ATV
Series A Equity |
Seek Alfa Laval
Ventures Equity for
RO Membrane Pilot |
Partner for GFET
Hydrophone & SHM
Sensor Co-Dev |
Apply for Paint the
Future Non-Dilutive
Challenge | Secure
French DGA / EDA
Defense Grant + CVC
Investment| JDA for
High-Flux Shipboard
RO Water Systems |
Milestone Supplier
Co-Dev & Direct
R&D Contract |
Consortium Partner
for Norwegian
Research Council
Grant Hempel
Foundation Non-
Dilutive
Academic/R&D
Grant | EU
Innovation Fund
Partner for Smart
Hull Monitoring |

Developing companies can leverage major public non-dilutive funding

instruments to co-finance capital expenditure and reduce technical risk

to commercial equity scale-up [23]:

prior



NON-DILUTIVE PUBLIC FUNDING INSTRUMENTS

Funding Program Geographic Region Max Award Size
Horizon Europe (2D-EPL & Graphene) European Union €2.5M - €10M Grants
EU Clean Hydrogen Partnership JU US European Union €5M - €15M Grants
ARPA-E SCALEUP & ONR Marine Grants  United States $3M - $10M Grants
Singapore MPA MINT Fund S. Korean Singapore / Asia S$2M - S$5M Grants
MOTIE H2 Marine Tech Fund South Korea $2M - $8M Grants

1. **European Union: Horizon Europe & 2D Experimental Pilot Line (2D-EPL)**
* **ppogram:** *Graphene Flagship Transition & Clean Hydrogen Joint
Undertaking (JU)* [24].
* **Mechanism:** Non-dilutive grants ranging from **€2.5 Million to €10
Million** for scaling roll-to-roll CVD graphene production, transfer
automation, and fuel cell component validation.

2. **United States: ARPA-E & Office of Naval Research (ONR)**

* **pprogram:** *ARPA-E SCALEUP & ONR Maritime Advanced Materials Program*
[25].

* **Mechanism:** Non-dilutive grants of **$3 Million to $10 Million** for
low-cost gas barrier coatings, corrosion-resistant naval surfaces, and GFET
sensor arrays.

3. **Singapore: Maritime and Port Authority (MPA) MINT Fund**

* **ppogram:** *Maritime Innovation and Technology (MINT) Fund* [26].

* **Mechanism:** Co-funding grants up to **S$5 Million** for commercial
vessel pilot trials of green shipping technologies, water treatment, and hull
monitoring.

4. **South Korea: MOTIE Hydrogen Fleet Commercialization Fund**

* **program:** *Ministry of Trade, Industry and Energy (MOTIE) Clean
Marine Initiative* [27].

* **Mechanism:** Co-development grants up to **$8 Million** pairing
startups directly with Korean shipbuilders (HD Hyundai, Hanwha Ocean, Samsung
Heavy Industries).

## 6. Risk Factors, Technical Bottlenecks & Mitigation Strategies

RISK MATRIX & MITIGATION STRATEGIES

Identified Risk Factor Risk Engineering & Commercial Mitigation Strategy
Level

Grain Boundary Pin- holes ~ High Apply atomic layer deposition (ALD) hybrid

in CVD Barrier Transfer Medi oxide capping (e.g., AI203/graphene dual)

Wrinkling & Polymer CAUM™ Transition from wet etching to dry thermal

Residue Marine High lamination / direct-growth foil transfer Early



Classification Approval Medium engagement with DNV/ABS; execute accelerated

Latency High Initial Unit _ ASTM B117 salt spray testing Target high-

Cost ($/m?) Medium  margin GFET sensors first; scale R2R capacity to
drive down barrier foil cost

1. **Transfer Defect Density (Pinholes & Grain Boundaries):**

* *Risk:* Nano-scale defects in single-layer CVD films compromise $H_2$%
gas impermeability and corrosion barrier performance [28].

* *Mitigation:* Implement hybrid atomic-layer-deposition (ALD) capping or
multi-layer CVD graphene stacks (2-3 layers) where defects in adjacent layers
do not align, achieving helium leak rates $<10~{-9} \text{
mbar}\cdot\text{L/s}$.

2. **Roll-to-Roll (R2R) Scalability & Yield:**

* *Risk:* Wrinkling, micro-tears, and polymer residues during wet chemical
transfer reduce yield in large-area membrane and barrier production [29].

* *Mitigation:* Deploy dry-laminated polymer-supported transfer or direct-
growth CVD on flexible metallic foils (titanium, stainless steel) designed
for continuous high-speed R2R processing ($>5 \text{ meters/minute}$).

3. **Classification Society Certification Standards:**

* *Risk:* Marine adoption requires rigorous certification from DNV, ABS,
Lloyd’s Register, and RINA [3@].

* *Mitigation:* Partner with Tier-1 integrators (e.g., Wartsila, HD
Hyundai) to perform joint accelerated salt-spray (ASTM B117), thermal shock,
and hydrodynamic erosion testing according to ISO 12944 standards.

## 7. Actionable Go-To-Market (GTM) Strategy for CVD Graphene Startups

To maximize valuation and secure non-dilutive co-funding, developing CVD
graphene ventures should execute a 4-phase commercialization roadmap:

PHASE 1: Tech Validation (Months 1-12) — Secure non-dilutive grant (€2.5M - $5M via
Horizon Europe / ARPA-E) F— Achieve DNV/ABS material classification pre-qualification
Target high-margin GFET sensor & oceanographic pilot programs

PHASE 2: Industrial JDA & Pilot (Months 12-24) F— Join ABB SynerLeap / Wartsila
SparkUp / AkzoNobel Paint the Future F— Execute Joint Development Agreements (JDAs)
with Tier-1 integrators L— validate roll-to-roll (R2R) continuous foil coating line (1,000
m?/year)

PHASE 3: Strategic CVC Investment (Months 24-36) — Raise Series A/B lead investment
($5M - $15M) from HD Hyundai Ventures, | Wartsila Venturing, or Alfa Laval Ventures
Build automated 100,000 m?/year continuous CVD barrier & membrane facility



PHASE 4: Commercial Offtake & Scaling (Months 36+) —— Convert JDAs into multi-year
commercial offtake contracts — Expand into naval defense EMI shielding and
commercial fleet RO retrofits
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**TO:** Investment Committee & Strategic Venture Partners



**¥FROM: ** Senior Technology & Deep-Tech Venture Analyst

**DATE:** September 5, 2026

**SUBJECT:** Commercialization Pathway, Strategic Corporate Venture
Engagement, and Quantitative Adoption Analysis for CVD Graphene in Healthcare

### EXECUTIVE SUMMARY & INVESTMENT THESIS

Chemical Vapor Deposition (CVD) graphene represents a high-barrier, high-
margin inflection point in medical device and diagnostic technology. While
bulk graphene nanoplatelets (GNPs) and graphene oxide (GO) function as
structural additives or conductive inks, **wafer-scale, transfer-grade
single-layer and few-layer CVD graphene films** deliver pristine atomic
lattices with carrier mobilities exceeding $10,000\text{
cm}~2/\text{V}\cdot\text{s}$, quantum capacitive sensitivity, extreme
chemical stability, and outstanding mechanical flexibility [1, 2].

The global market for graphene in medical devices and diagnostics is
projected to expand from $\$185\text{ Million}$ in 2024 to over $\$1.45\text{
Billion}$ by 2032 (CAGR 29.4%) [3]. The core commercial drivers are:

1. **Graphene Field-Effect Transistor (gFET) Biosensors**: Achieving
femtomolar-level ($\text{10}"{-15}\text{ M}$) limit of detection (LOD) for
multiplexed point-of-care (PoC) diagnostics, liquid biopsy, cancer
biomarkers, and continuous analyte tracking [4, 5].

2. **Brain-Computer Interfaces (BCIs) & Neuroprosthetics**: Providing sub-
millimeter flexible microelectrode arrays with $100\times$ higher charge
injection limits and lower impedance than platinum/iridium, eliminating
micro-motion tissue trauma [6, 7].

3. **Bioelectronic Medicine**: Enabling ultra-miniaturized, sub-millimeter
vagus and peripheral nerve leads for bioelectronic therapy [8].

**Primary Investment Thesis**: Strategic investors and corporate venture
capital (CVC) funds should target early-stage developers of **gFET-on-CMOS
diagnostic biochips** and **flexible CVD graphene neural arrays**. These
categories offer immediate, high-margin consumables revenue models, clear
regulatory clearance pathways (FDA 510(k) for IVD diagnostics and FDA
Breakthrough Designation / De Novo for BCIs), and strong strategic
exit/acquisition pull from tier-1 medtech corporations [9, 10].

### 1. CORPORATE VENTURE CAPITAL (CVC) ARMS & FUNDING PROGRAM LANDSCAPE

Major healthcare, semiconductor, and diagnostic corporations operate
structured venture capital arms, co-development funds, and strategic
acquisition vehicles specifically positioned to support developing companies
maturing CVD graphene technologies.
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#### 1.1 Medtronic Ventures & Medtronic Corporate Development

- **Tnvestment Focus**: Early-to-growth stage neurotechnology, chronic
disease bio-sensing, and digital health [11].

- **Check Size & Structure**: $\$2\text{M}\text{--}\$15\text{M}$ per tranche
(Series A through C equity investments), frequently accompanying strategic
joint development agreements (JDAs).

- **Target Application**: CVD graphene leads for Deep Brain Stimulation (DBS)
and multi-analyte transdermal continuous glucose monitoring (CGM) [12].

- **Strategic Thesis**: Medtronic leverages CVC to de-risk high-risk Class
ITT medical device components before full strategic M&A integration. Former
Medtronic executives lead pioneering graphene startups such as INBRAIN
Neuroelectronics [13].

#it## 1.2 M Ventures (Merck KGaA Corporate VC)

- **Investment Focus**: Deep-tech materials, bioelectronics, and healthcare
technology [14].

- **Fund Size**: $>€600\text{ Million}$ evergreen fund across Biotech and
Performance Materials.

- **Check Size**: $€1.5\text{M}\text{--}€10\text{M}$ initial checks with
follow-on reserves up to $€25\text{M}$.

- **Target Application**: Bioelectronic therapeutics, vagus nerve stimulation
implants, and organ-on-a-chip diagnostic arrays [8, 14].



- **Track Record in Graphene**: Lead strategic investor and partner in
INBRAIN Neuroelectronics, co-developing rice-sized graphene BCI chips for
neurodegenerative disorders [14, 15].

#### 1.3 Abbott Ventures & Commercial Partnerships

- **Investment Focus**: Continuous analyte monitoring, point-of-care rapid
testing, and cardiovascular sensing.

- **Check Size**: $\$5\text{M}\text{--}\$25\text{M}$ equity investments
alongside strategic supply/distribution rights.

- **Target Application**: Ultra-sensitive transdermal multi-analyte (glucose,
lactate, ketone) sensor arrays to defend market leadership against Dexcom
[16].

#### 1.4 Roche Venture Fund & Roche Diagnostics Partnering

- **Investment Focus**: In Vitro Diagnostics (IVD), molecular diagnostics,
and liquid biopsy platforms [17].

- **fFund Size**: $\text{CHF }500\text{ Million}$ capital under management.
- **Target Application**: Scalable gFET arrays integrated into automated
clinical laboratory analyzers for early cancer detection and infectious
disease panels [17, 18].

#i### 1.5 Sapphiros Growth Equity Platform (backed by KKR)

- **Investment Focus**: Turnkey capital and scale-up manufacturing
infrastructure for point-of-care diagnostic platforms [19].

- **Check Size**: $\$10\text{M}\text{--}\$50\text{M}+$ strategic platform
investments.

- **Target Application**: Mass-production of disposable 32-plex CVD gFET
biochips (in partnership with GrapheneDx and General Graphene) [19, 20].

#### 1.6 Non-Dilutive Government & Institutional Grant Programs

Developing companies can leverage substantial non-dilutive matching grants to
extend cash runways and co-fund clinical translation:

- **Horizon Europe & EIC Accelerator**: Grants up to $€2.5\text{ Million}$
combined with direct equity co-investments up to $€15\text{ Million}$ for
deep-tech medical innovations [21].

- **Spanish PERTE Chip Initiative**: $€4\text{ Million}+$ direct state grants
awarded to advanced microelectronics and 2D material neural chip developers
(e.g., INBRAIN) [22].

- **NIH BRAIN Initiative (USA)**: UG3/UH3 and ROl grants funding up to
$\$3\text{M}\text{--}\$5\text{M}$ for next-generation neurotechnologies and
implantable microelectrodes [23].

- **DARPA N3 & DOD Grants**: Funding for non-invasive and minimally invasive
high-bandwidth neural interfaces [24].

### 2. QUANTITATIVE ADOPTION, ANNUAL DEMAND & UNIT ECONOMICS ANALYSIS

To evaluate commercial feasibility, we model annual material demand based on



device architecture, substrate footprint, and anticipated manufacturing
yield.

CVD Synthesis (Cu Foil) — Transfer to CMOS / Substrate —
Photolithography & Functionalization — Dicing & Packaging

Cost: $15 - $35 / m? Cost: $40 - $90 / m? Cost: $0.10 -
$0.35 / die Cost: $0.25 / unit

#### Table 1: Detailed Quantitative Demand & Financial Modeling

| Target Company | Primary Product Vector | Substrate / Form Factor |
Material Metric / Unit | Est. Annual Unit Volume | Est. Annual CVD Graphene
Demand | Unit Cost Impact (BOM) | Target Margin

| N | .« __ | . __ .« o o | o __ | o |

| **Medtronic** [11, 13] | DBS Leads & CGMs | Flexible Polyimide / 200mm
Wafer | $\text{cm}"2$ per lead / sensor array | $1,000,000\text{ units}$ |
$350\text{--}500\text{ m}*2$ ($2,200\text{ Wafers}$) | $\$0.45\text{--
I\$1.20\text{ / lead}$ | $85\text{--}92\%$ |

| **Abbott** [16] | FreeStyle Libre CGM | Flexible PET / Polymer Substrate |
$0.5\text{ cm}~2\text{ / patch}$ | $20,000,000\text{ patches}$ |
$2,500\text{--1}3,500\text{ m}*2$ | $\$0.08\text{--}\$0.15\text{ / sensor}$ |
$80\text{--}88\%$ |

| **Merck KGaA** [14, 15] | Bioelectronic Implants | Si/Si02 Wafers &
Polyimide | $0.25\text{ cm}*2\text{ / chip}$ | $250,000\text{ implants}$ |
$100\text{--}250\text{ m}*2$ ($1,000\text{ Wafers}$) | $\$1.50\text{--
1\$3.00\text{ / chip}$ | $90\text{--}95\%$ |

| **Melexis** [25] | GFET-on-CMOS Biochip | 20@mm (8-inch) Silicon CMOS |
Wafer-level integration | $4,500\text{ Wafers}$ | $150\text{--}220\text{
m}~r2$ ($4,500\text{ Wafers}$) | $\$12\text{--}\$22\text{ / die}$ | $65\text{-
-}75\%$ |

| **Sapphiros / GrapheneDx** [19, 20] | 32-Plex PoC Cartridges | Plastic /
Polymer Strip | $1.2\text{ cm}”2\text{ / cartridge}$ | $20,000,000\text{ test
kits}$ | $2,400\text{--}3,800\text{ m}"2$ | $\$0.12\text{--}\$0.25\text{ /
kit}$ | $78\text{--}84\%$ |

| **Hawkeye Bio** [26] | Oncology Liquid Biopsy | Printed Ceramic / Glass |
$0.8\text{ cm}*2\text{ / strip}$ | $2,000,000\text{ strips}$ | $160\text{--
}280\text{ m}*2$ | $\$0.20\text{--}\$0.40\text{ / strip}$ | $82\text{--}86\%$
|

| **Roche Diagnostics** [17] | Central Lab IVD Modules | 2@00mm Wafer / Glass
| $0.5\text{ cm}*2\text{ / biochip}$ | $10,000,000\text{ biochips}$ |
$1,200\text{--}2,000\text{ m}"2% | $\$0.30\text{--}\$0.60\text{ / biochip}$ |
$85\text{--}90\%$ |

| **Blackrock / Synchron** [6, 27] | BCI Cortical Arrays | Ultra-thin
Flexible Polyimide | $2.0\text{ cm}”2\text{ / array}$ | $30,000\text{
arrays}$ | $35\text{--}65\text{ m}~2$ | $\$5.00\text{--}\$12.00\text{ /
array}$ | $92\text{--}96\%$ |

#### Key Unit Economics Takeaway
- **Material Cost Advantage**: The raw CVD graphene layer accounts for $<2\%$



of total device Bill of Materials (BOM) cost ($<\$0.20\text{ per disposable
test cartridge}$).

**Value Addition**: Value is created in **transfer fidelity, wafer-level

passivation, photolithographic patterning, and bio-functionalization
(antibody/aptamer anchoring)**, yielding gross profit margins between $75\%$
and $95\%$.

### 3. SHARPER RECOMMENDATION & DECISION MATRIX

To guide corporate strategy and investment capital allocation, candidates are
ranked across five weighted criteria:

1. **Strategic Market Fit & TAM Expansion** (25%)
2. **Adoption Feasibility & Regulatory Clearance Path** (25%)
3. **Scaled Volume Demand Potential** (20%)
4. **Probability of CVC Equity / Grant Capital Support** (20%)
5. **Time-to-Revenue / Horizon** (10%)
RECOMMENDATION TIERING BREAKDOWN
|
|
TIER 1: HIGH PRIORITY (Score 8.5 - 10.90)
e Melexis NV (Score: 9.35) — Immediate CMOS Foundry Integration
e Sapphiros / GrapheneDx (Score: 9.10) — Mass PoC Diagnostics Scaling
e Merck KGaA / M Ventures (Score: 8.90) — Bioelectronic Therapeutics
Leadership
|
' |
TIER 2: MEDIUM PRIORITY (Score 7.0 - 8.4)
e Abbott Laboratories (Score: 8.35) —» Next-Gen Continuous Glucose
Monitoring |
e Medtronic plc (Score: 8.15) — DBS Leads & Implantable Neuro-Sensors
» Hawkeye Bio (Score: 7.85) — Early-Stage Oncology Biosensors
I
TIER 3: LONG-TERM / WATCHLIST (Score < 7.0)
e Roche Diagnostics (Score: 6.85) — High-Throughput Central Lab IVD
Modules

e Blackrock Neurotech / BCI Startups (Score: 6.70) — Ultra-High Density

BCI Arrays
|




#### Table 2: Quantitative Strategic Decision & Recommendation Matrix

| Company Target | Strategic TAM (25%) | Adoption & Reg. Path (25%) | Volume
Potential (20%) | Capital Probability (20%) | Time-to-Rev. (10%) | Composite
Score (Out of 10) | Recommendation Tier & Strategic Action |

I I R T I e I B A BT IR

| **Melexis NV** [25] | 9.5 | 9.5 | 9.0 | 9.5 | 9.8 | **9.35%* | **TIER 1
(Lead Foundry Target)**: Execute co-development & foundry capacity agreements
for gFET-on-CMOS readout ICs. |

| **Sapphiros / GrapheneDx** [19] | 9.0 | 9.0 | 10.0 | 9.0 | 8.5 | **9,10** |
**TIER 1 (Mass Scaling Partner)**: Secure long-term supply/offtake agreements
for 32-plex disposable diagnostic cartridges. |

| **Merck KGaA / M Ventures** [14] | 9.0 | 8.5 | 8.5 | 10.0 | 8.0 | **8.9@**
| **TIER 1 (Co-Investment Lead)**: Co-invest via M Ventures Series A/B rounds
for bioelectronic neural interface implants. |

| **Abbott Laboratories** [16] | 9.5 | 8.0 | 9.5 | 8.0 | 6.5 | **8.35** |
**TIER 2 (Strategic Licensee)**: Propose JDA for next-gen FreeStyle Libre
multi-analyte transdermal biosensors. |

| **Medtronic plc** [11] | 9.5 | 7.0 | 8.5 | 8.5 | 7.0 | **8.15%*% | **TIER 2
(Strategic Co-Dev)**: Target Medtronic Ventures for equity investment in
flexible DBS leads and BCI platforms. |

| **Hawkeye Bio** [26] | 8.0 | 8.0 | 8.0 | 7.5 | 7.5 | **7.85%* | **TIER 2
(Niche Diagnostic)**: Supply high-purity graphene sensor arrays for oncology
liquid biopsy clinical trials. |

| **Roche Diagnostics** [17] | 8.5 | 6.5 | 7.0 | 6.5 | 5.5 | **6.85** |
**TIER 3 (Long-Term Watchlist)**: Monitor central lab IVD evaluation
milestones prior to equity commitment. |

| **Blackrock / Synchron** [6] | 8.5 | 5.5 | 5.0 | 7.0 | 5.0 | **6.70** |
**TIER 3 (High Risk / High Return)**: Co-fund via NIH BRAIN Initiative grants
for high-density BCI arrays. |

### 4. STRATEGIC RECOMMENDATIONS FOR STARTUPS & INVESTORS

#### 4.1 Term Sheet & IP Structuring Recommendations
1. **IP Partitioning**: Early-stage developers must strictly segregate **Core
Material/Process IP** (CVD growth recipes, dry transfer methods, wafer-level
gFET fabrication) from **Application/Marker IP** (specific antibody
functionalization, clinical target algorithms). Ensure corporate partners
receive exclusive application field rights while the startup retains all core
material manufacturing IP.
2. **Milestone-Gated Equity Investments**: Structure corporate venture checks
around technical and regulatory milestones:

- *Tranche 1 (Seed/Series A)*: Completion of wafer-scale transfer yield
$>90\%$ and ISO 10993 biocompatibility testing.

- *Tranche 2 (Series B)*: Successful FDA 510(k) clearance (for IVD
biosensors) or IDE approval for human clinical trials (for BCIs).



- *Tranche 3 (Commercial Growth)*: Achieving OEM manufacturing unit costs
under $\$0.20\text{ per sensor die}$.
3. **Dual-Use Grant Matching**: Require corporate partners to match public
non-dilutive grants (e.g., EIC Accelerator or PERTE Chip grants) with 1:1
cash contributions to minimize equity dilution.

#it## 4.2 Regulatory & Scale-Up Execution Roadmap

- **TVD Biosensor Path**: Pursue the **FDA 510(k)** or **CLIA-waived point-
of-care** pathway by demonstrating equivalency to existing electrochemical or
optical test strips.

- **BCI / Implant Path**: Utilize the **FDA Breakthrough Device Designation**
to accelerate pre-market approval (PMA) / De Novo clinical trial design.

- **Foundry Process Design Kit (PDK)**: Partner with established open-access
200mm semiconductor foundries (e.g., Graphenea, IMEC, Paragraf, Melexis) to
standardize gFET process flow and lower manufacturing variability [25, 28].
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## 1. Executive Summary & Investment Thesis

The global optics and photonics market ($1.4 Trillion by 2030) is facing
systemic physical boundaries in semiconductor material performance [1].
Legacy materials—including Silicon (Si), Indium Phosphide (InP), Gallium
Arsenide (GaAs), Lithium Niobate ($\text{LiNbO} 3$), and Indium Tin Oxide
(ITO)—are reaching fundamental limits in electro-optic modulation bandwidth,
optical absorption range, power efficiency, and thermal dissipation [2].
Chemical Vapor Deposition (CVD) monolayer and few-layer graphene represent a
transformative, high-margin deep-tech hardware opportunity capable of
overcoming these boundaries.

THE OPTICAL MATERIAL PARADIGM SHIFT

LEGACY MATERIALS (Sj, InP, LiNbO3, ITO) CVD MONOLAYER GRAPHENE | - Bandwidth
Limit: <67 GHz - Bandwidth: >100 GHz | - Optical Response: Bandgap Restricted -
Broadband Absorption: 0.2 pm to 100 um | - Integration: Complex Lattice Matching -
Monolithic BEOL CMOS/SiN Integration - Thermal Conductivity: <150 W/m-K - Extreme
Thermal Conductance: ~3000 W/m-K - Physical Form: Bulk Crystal - Atomic Monolayer
(~0.34 nm Thickness)

### Core Investment Thesis

1. **Critical Technology Readiness Transition:** CVD graphene optics has
transitioned from academic discovery (TRL 1-3) to foundry-compatible pilot
scale (TRL 4-6), positioning early-stage category leaders for rapid
commercial scale-up [3].

2. **Monolithic Back-End-of-Line (BEOL) Compatibility:** Unlike Compound
Semiconductors (InP/GaAs), atomic monolayer CVD graphene (~0.34 nm thick) can
be integrated directly onto standard Silicon Photonic Integrated Circuits
(PICs) and CMOS image sensors via BEOL processing without lattice mismatch
constraints [4].



3. **High Capital Efficiency via Corporate Venture Capital (CVC) & Non-
Dilutive Grants:** Strategic CVCs (Intel Capital, TRUMPF Venture, Sony

Innovation Fund) and non-dilutive defense/industrial grants (DARPA, EU

Horizon Europe/EIC) offer co-investment structures that minimize equity
dilution while guaranteeing commercial off-take pipelines [5].

## 2. Technical Value Proposition & Engineering Bottlenecks
### Key Optical Performance Advantages

* **Bproadband Optical Absorption:** Graphene absorbs a constant $2.3\%$ of
incident light per monolayer across an ultra-wide spectral range (Ultraviolet
through Visible, SWIR, MWIR, LWIR, to Terahertz), enabling universal single-
material photodetectors [6].

* *¥*Jltra-High Charge Carrier Mobility:** Room-temperature mobility exceeding
$10,000\text{ cm}~2/\text{V}\cdot\text{s}$ (and $>100,000\text{
cm}~2/\text{V}\cdot\text{s}$ in encapsulated heterostructures) drives
electro-absorption modulators (EAMs) operating at $>100\text{ GHz}$ with
drive voltages $V_{pp} < 1\text{ V}$ [7].

* **Jltrafast Optical Carrier Dynamics:** Sub-picosecond ($<100\text{ fs}$)
optical carrier relaxation times enable high-performance saturable absorber
mirrors (SAMs) for mode-locked femtosecond industrial lasers [8].

* **Transparent Conductive Optics:** Sheet resistance $R s <

100\, \Omega/\text{sq}$ at $>97\%$ transparency offers a flexible, non-brittle
replacement for ITO in AR/VR diffractive waveguides and spatial light
modulators (SLMs) [9].

### Required Technical Specifications for Optical Integration

To achieve commercial adoption in Tier-1 photonics and semiconductor fabs,
CVD graphene suppliers must meet strict foundry quality criteria:

FOUNDRY SPECIFICATION TARGETS (300mm FAB)

Parameter Target Value Diagnostic Method

Monolayer Coverage >99.5% area coverage Raman Spectroscopy Mapping Defect Density
Ratio (ID/IG) <0.05 Raman (532 nm laser) Sheet Resistance Uniformity <5% variation
across 300mm wafer 4-Point Probe Mapping Contact Resistance <100 ()-um to metal
contacts TLM (Transfer Length Method) Metal Contamination <1010 atoms/cm? TXRF /
SIMS Pinholes & Tear Defects Zero defects >1 um? Automated Optical /SEM Inspection

## 3. Deep-Dive Corporate Venture Arms & Funding Programs

Developing companies in the CVD graphene optics domain can leverage



substantial corporate venture capital (CVC) funds, Joint Development
Agreements (JDAs), non-recurring engineering (NRE) capital, and government
grant programs. Below is a detailed breakdown of key target corporate
programs.

GLOBAL CVC & GRANT FUNDING ECOSYSTEM

NORTH AMERICA EUROPE ASIA-PACIFIC +—————————- ++ -+
— + | Intel Capital ($5M-$30M) | | TRUMPF Venture (€1M-€5M) | | Sony
Innovation Fund | | | RTX Ventures ($3M-$15M) | | EU EIC Accelerator (€17.5M)| | ($2M-
$15M) | | | Cisco Investments | | French DGA / German BMBF | | Samsung Venture (SVIC)| |
DARPA PIPES / SBIR Grants | | Lynred Joint R&D / NRE | | ($3M-$20M) | +

+ + _—t ¢

### 1. Intel Capital & Intel Labs (USA)
* **Website:** [https://www.intelcapital.com](https://www.intelcapital.com) |
[https://www.intel.com](https://www.intel.com)
* **Tnvestment Arm:** Intel Capital (Deep Tech & Silicon Photonics Sector).
* **Tjcket Size & Stage:** $5M to $30M per round (Series A through Series C).
* *¥*Grant & Co-funding Programs:** Direct Intel Labs NRE funding; joint
participation in U.S. **DARPA PIPES** (Photonic Edge AI) and **DARPA LUMI**
programs [10].
* **Qptical Application Alignment:** Silicon Photonics Co-Packaged Optics
(CPO) for datacenter AI interconnects (800G, 1.6T, 3.2T transceivers).
Monolithic BEOL integration of CVD graphene EAM modulators on 300mm SiN
waveguides.
* **Estimated Annual Volume Demand:** **50,000 to 120,000 equivalent 300mm
CVD Graphene Wafers / Year** (~14,100 to 33,900 m2/year).
* **Contact Targets:**

* Managing Director, Deep Tech Sector, Intel Capital

* Director of Silicon Photonics Strategy & Ecosystem, Intel Labs

* Principal Engineer, Photonic Integration Group

#i## 2. TRUMPF Venture GmbH (Germany)

* *¥*Website:**
[https://www.trumpf.com/en_INT/company/vcap/](https://www.trumpf.com/en_INT/c
ompany/vcap/)

* **TInvestment Arm:** TRUMPF Venture GmbH.

* **Tjcket Size & Stage:** €1M to €5M initial investment (Seed to Series B).
* *¥*Grant & Co-funding Programs:** Co-funding via German Federal Ministry of
Education and Research (**BMBF Photonics Research Grants**) and EU Eurostars
programs [11].

* **Qptical Application Alignment:** Graphene Saturable Absorber Mirrors
(GSAM) for industrial ultrafast picosecond/femtosecond mode-locked lasers and
EUV beam diagnostics.

* **Estimated Annual Volume Demand:** **2 000 to 6,000 150mm Wafer
Equivalents / Year** (~150 to 420 m2/year) or 10,000 to 30,000 discrete laser
optic components.

* *¥*Contact Targets:**



* Managing Director / Investment Director, TRUMPF Venture GmbH
* Head of Laser Optics Research & Development, TRUMPF Laser Technology
* Director of Strategic Partnerships, TRUMPF Photonics

### 3. Sony Innovation Fund & Sony Semiconductor Solutions (Japan)
* **Website:**
[https://www.sonyinnovationfund.com] (https://www.sonyinnovationfund.com) |
[https://www.sony-semicon.com](https://www.sony-semicon.com)
* **Tnvestment Arm:** Sony Innovation Fund (SIF) / SIF for LBG (Environment &
Deep Tech).
* **Tjcket Size & Stage:** $2M to $15M (Series A and B).
* **Grant & Co-funding Programs:** METI (Japan Ministry of Economy, Trade and
Industry) Advanced Semiconductor Grants; direct access to Sony 300mm pilot
line processing [12].
* **Qptical Application Alignment:** Monolithic integration of CVD graphene
onto CMOS Image Sensors (CIS) for high-sensitivity Short-Wave Infrared
(SenSWIR) and SPAD LiDAR receivers.
* **Estimated Annual Volume Demand:** **60,000 to 180,000 equivalent 300mm
CVD Graphene Wafers / Year** (~17,000 to 50,800 m2/year).
* *¥*Contact Targets:**

* Senior Investment Partner, Sony Innovation Fund (Deep Tech)

* Chief Engineer, Advanced Sensor Stack R&D, Sony Semiconductor Solutions

* General Manager, Corporate Venture Capital Division

### 4. Lynred & EU Collaborative Grant Ecosystem (France / EU)
* **¥pepsite:** [https://www.lynred.com](https://www.lynred.com)
* **Corporate Mechanism:** Direct Corporate R& Co-Development, Industrial
NRE, and Supply Off-take Agreements.
* *¥*Grant & Co-funding Programs:** **EU Horizon Europe / EIC Accelerator**
(€2.5M non-dilutive grant + up to €15M direct equity via EIC Fund); Graphene
Flagship Follow-on Commercialization Grants; French Defense Procurement
Agency (**DGA**) dual-use research funds [13].
* **QOptical Application Alignment:** Uncooled SWIR/MWIR focal plane arrays
using CVD graphene-quantum dot phototransistors for defense, industrial
inspection, and automotive night vision.
* **Estimated Annual Volume Demand:** **15,000 to 35,000 equivalent 200mm CVD
Graphene Wafers / Year** (~470 to 1,100 m2/year).
* **Contact Targets:**

* Chief Innovation Officer (CIO), Lynred

* Director of Advanced Sensor Research

* Manager, EU & National Collaborative Programs

### 5. RTX Ventures & Raytheon Vision Systems (USA)

* *¥¥Website:** [https://www.rtx.com](https://www.rtx.com)

* **Tnvestment Arm:** RTX Ventures (Corporate VC arm of RTX / Raytheon).

* **Tjcket Size & Stage:** $3M to $15M (Series A through B).

* **Grant & Co-funding Programs:** U.S. DoD SBIR/STTR Phase II/III matching
grants; DARPA Strategic Technology Office (STO) contracts; Air Force Research
Lab (AFRL) subcontracts [14].

* **Qptical Application Alignment:** High-frame-rate IR focal plane arrays,



broadband space-grade optical photodetectors, and high-power laser beam
conditioning.
* **Estimated Annual Volume Demand:** **10,000 to 25,000 equivalent 200mm CVD
Graphene Wafers / Year** (~310 to 780 m2/year).
* **Contact Targets:**

* Managing Director, RTX Ventures

* Chief Scientist, Raytheon Vision Systems (Goleta, CA)

* Director of Defense Electro-Optic Innovation

#i##t 6. Thorlabs Inc. (USA)
* **pebsite:** [https://www.thorlabs.com](https://www.thorlabs.com)
* **Corporate Mechanism:** Direct OEM Commercial Off-take Agreements, Catalog
Licensing, and Strategic Minority Equity / Acquisitions.
* **Tjcket Size & Stage:** $500k to $3M annual OEM development and pre-
procurement funding.
* **Grant & Co-funding Programs:** Internal Commercial Product Development
Grants; joint SBIR commercialization partnerships [15].
* **Qptical Application Alignment:** Catalog graphene optics (graphene-coated
quartz/CaF2/ZnSe windows), saturable absorbers for fiber lasers, and optical
modulators.
* **Estimated Annual Volume Demand:** **5,000 to 15,000 150mm Wafer
Equivalents / Year** (~50 to 150 m2/year).
* **Contact Targets:**

* Vice President, Thorlabs Quantum & Nanotechnology Division

* Director of Advanced Optical Components R&D

* Business Unit Lead, OEM Materials & Optics

### 7. Samsung Venture Investment Corporation & SAIT (South Korea)
* **Website:**
[https://www.samsungventures.com](https://www.samsungventures.com) |
[https://www.sait.samsung.co.kr](https://www.sait.samsung.co.kr)
* **TInvestment Arm:** Samsung Venture Investment Corporation (SVIC).
* **Tjcket Size & Stage:** $3M to $20M (Series A through Series C).
* **Grant & Co-funding Programs:** Korean Ministry of Trade, Industry &
Energy (**MOTIE**) Nanotechnology Subsidies; SAIT Commercialization Grants
[16].
* **QOptical Application Alignment:** Flexible display coatings, electro-optic
shutters, mobile optical pulse sensors, micro-LED transparent contacts.
* **Estimated Annual Volume Demand:** **80,000 to 250,000 equivalent 300mm
CVD Graphene Wafers / Year** (~22,600 to 70,600 m2/year).
* **Contact Targets:**

* Senior Managing Director, Samsung Venture Investment Corporation

* VP & Head of Nanotechnology & Photonics Lab, SAIT

* Director of Display Optical Materials Research

#i## 8. BAE Systems FAST Labs & Ventures (UK / USA)

* *¥¥Website:** [https://www.baesystems.com](https://www.baesystems.com)
* **Tnvestment Arm:** BAE Systems Ventures / FAST Labs Innovation Fund.
* **Tjcket Size & Stage:** $2M to $10M (Series A and B).

* *¥*Grant & Co-funding Programs:** UK Defense and Security Accelerator



(**DASA**) grants; U.S. Defense Innovation Unit (**DIU**) contracts [17].
* **Qptical Application Alignment:** Nonlinear optical limiters for high-
power laser dazzle protection; adaptive MWIR/LWIR electro-chromic coatings.
* **Estimated Annual Volume Demand:** **5 000 to 18,000 equivalent 200mm CVD
Graphene Wafers / Year** (~160 to 560 m?/year).
* **Contact Targets:**

* Managing Director, BAE Systems Ventures

* Director, FAST Labs Sensor & Processing Solutions

* Chief Technologist, Electro-Optical Warfare

### 9. Cisco Investments & Acacia Communications (USA)

* **Website:** [https://www.cisco.com](https://www.cisco.com) |
[https://acacia-inc.com] (https://acacia-inc.com)

* **Investment Arm:** Cisco Investments.

* **Tjcket Size & Stage:** $5M to $25M (Series B and C).

* **QOptical Application Alignment:** Ultra-compact electro-absorption
modulators (EAMs) for pluggable coherent transceivers and CPO datacom
architectures.

* **Estimated Annual Volume Demand:** **25 000 to 60,000 equivalent
200mm/300mm CVD Wafers / Year**.

* **Contact Targets:** Partner, Cisco Investments; VP of Optical Subsystems,
Acacia/Cisco.

#i## 10. Meta Reality Labs & Meta Corporate Development (USA)

* *¥¥pebsite:** [https://www.meta.com](https://www.meta.com)

* **Corporate Mechanism:** Reality Labs Sponsored Research Grants & Strategic
Venture Investments.

* **QOptical Application Alignment:** Active diffractive waveguides, active
beam-steering, and compact eye-tracking IR sensors for lightweight consumer
AR glasses.

* **Estimated Annual Volume Demand:** **100,000 to 400,000 m2 Monolayer CVD
Graphene Film / Year** (>500,000 300mm wafer equivalents/year).

* **Contact Targets:** Director of AR Waveguide Research, Meta Reality Labs;
Partner, Meta Corporate Development.

## 4. Sharper Recommendation Matrix & Scorecard

To guide deal origination and strategic syndication, target companies are
scored across six weighted parameters on a 1-10 scale:

1. **Strategic Synergy & Product Fit (20%):** Direct match with core optical
product line.

2. **Capital Availability & Investment Readiness (20%):** Active CVC fund,
thesis alignment, capital deployability.

3. **TRL Compatibility (15%):** Readiness to integrate TRL 4-6 CVD graphene
into existing product flows.

4. **Fab Integration Feasibility (15%):** Existing silicon, SiN, or optical



coating lines capable of handling CVD graphene.

5. **Scaled Off-Take Demand (15%):** Long-term volume purchasing potential.
6. **Governance & IP Environment (15%):** Low risk of aggressive IP
expropriation; willingness to co-develop.

### Weighted Strategic Evaluation Scorecard

| Target Company | Strategic Synergy (20%) | Capital Availability (20%) | TRL
Fit (15%) | Fab Feasibility (15%) | Off-Take Demand (15%) | Governance / IP
(15%) | **Weighted Score** | **Priority Tier & Action Recommendation** |
N B e I el Bl BT I IR I

| **Thorlabs Inc.** | 1@ | 9 | 10 | 10 | 6 | 1@ | **9.15%* | **Tier 1:
Immediate OEM Off-take & Catalog Lead** |

| **TRUMPF Venture** | 9 | 106 | 9 | 9 | 6 | 9 | **8.70** | **Tier 1: Series A
Co-Investor & Laser Off-take** |

| **Lynred** | 10 | 8 | 9 | 9 | 8 | 8 | **8.70** | **Tier 1: Lead Non-
Dilutive Grant & SWIR Partner** |

| **Intel Capital** | 10 | 10 | 7 | 8 | 10 | 7 | **8.70** | **Tier 1: Series
A Lead / CPO Anchor Investor** |

| **Sony Innovation** | 9 | 9 | 7 | 8 | 9 | 7 | **8.15%* | **Tier 2: Series B
Co-Investor / Pilot Fab** |

| **Coherent Corp.** | 9 | 7 | 8 | 8 | 8 | 8 | **7.95%*% | **Tier 2: Strategic
JDA / Joint Venture Partner** |

| **Teledyne FLIR** | 8 | 7 | 7 | 7 | 8 | 8 | **7.45%* | **Tier 2: Defense
Subcontracting Partner** |

| **BAE Systems** | 8 | 8 | 7 | 7 | 6 | 8 | *#*7.35%*% | **Tier 2: Defense
Grant Co-Sponsor** |

| **Samsung SVIC** | 8 | 9 | 7 | 7 | 9 | 5 | **7.55%*% | **Tier 3: Long-
Horizon Mass Consumer Option** |

| **Meta Reality** | 8 | 8 | 6 | 6 | 10 | 6 | **7.30** | **Tier 3: Research
Grant / Future Licensing** |

## 5. Valuation Levers, Commercialization & Unit Economics
### Pricing Trajectory & Cost Curves

The unit economics of CVD graphene for optics are shifting from boutique
research pricing to industrial fab scaling:

CVD GRAPHENE OPTICAL WAFER COST CURVE

Stage 200mm Wafer Cost ()300mmWaferCost() Gross Margin (%) |

Lab / Pilot (TRL 3-4) $1,500 - $3,000 $3,000 - $5,500 30% - 40% | Early OEM (TRL 5-6)
$600 - $1,000 $1,200 - $2,200 50% - 60% | Volume Fab (TRL 7+) $200 - $400 $350 - $600
65% -75% |
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### Valuation Creation & Return Profile

* **Capital Requirement:** $15M to $25M in Series A/B funding to scale
automated 300mm roll-to-wafer / frame-to-wafer transfer tools and secure ISO-
9001 fab certification.

* **Target Return Metrics:** Risk-adjusted Return on Invested Capital (ROIC)
target of $>35\%%$; target exit multiple of **5.0x to 8.5x MOIC** (30%-45%
IRR) over a 4-6 year holding period [18].

* *¥*ppimary Exit Paths:** M&A acquisition by major semiconductor/photonics
equipment vendors (e.g., AIXTRON, Applied Materials, ASM International) or
tier-1 optical component leaders (Coherent Corp, Thorlabs, Lumentum) seeking
proprietary in-house CVD graphene transfer IP [19].

## 6. Deal Structuring & Capital Formation Blueprint

RECOMMENDED CAPITAL FORMATION STRUCTURE

I
NON-DILUTIVE GRANTS (30-40%) STRATEGIC CVC EQUITY (40-50%)

—_ + + -+ | | - EU Horizon / EIC (€2.5M-
€15M) | | - Intel Capital / TRUMPF Venture | | | - US DARPA PIPES Subcontracts | + | - $5M-
$12M Series A/B Lead | | | - Defense DGA / BMBF Grants | | - Milestone-Tranches | | +——

++ -+ ||| v| COMMERCIAL OFF-TAKE & JDA
20%) | +——————mm—m————- +| | - Thorlabs / Lynred Pre-Orders | | | - NRE
Engineering Cost-Sharing | | + -+ |

### Strategic Co-Investment Playbook

1. **Phase 1: Dual-Track Capital Assembly (Months ©-12)**

* Secure **$3M-$5M** in non-dilutive grant funding (EU EIC Accelerator /
U.S. DARPA PIPES) combined with a **$10M Series A** round co-led by **TRUMPF
Venture** (Laser focus) and **Intel Capital** (Datacom CPO focus).

* Key Condition: Require milestone-based capital tranches tied to
achieving Raman $I_D/I_G < 0.05% across 300mm wafers and contact resistance



$<100\, \Omega\cdot\mu\text{m}$.

2. **Phase 2: Joint Development Agreement (JDA) Structuring (Months 12-24)**

* Execute NRE-funded JIDAs with Tier-1 partners (**Lynred**, **Coherent**,
**Thorlabs**).

* *TP Governance Clause:* Retain core background IP regarding CVD growth
and transfer mechanics; grant field-of-use specific non-exclusive commercial
licenses to strategic partners in exchange for guaranteed volume purchase
commitments [20].

3. **Phase 3: Scale-Up & Off-take Expansion (Months 24-48)**

* Deploy Series B expansion capital ($20M-$30M) into commercial foundry
pilot lines.

* Expand supply agreements to tier-1 volume players (**Sony
Semiconductor**, **Samsung SVIC**, **Meta Reality Labs**).
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# MEMORANDUM

*¥**TO:** Investment Committee & Strategic Capital Partners

**FROM: ** Senior Advanced Materials & Deep Tech Investment Analyst

**DATE: ** September 5, 2026

**SUBJECT:** Investment & Commercialization Strategy: Scaled CVD Graphene
Technologies in the Scientific Instrumentation Industry

**DEAL / THESIS OVERVIEW:** Monetizing wafer-scale CVD graphene via high-
margin scientific instrumentation and bio-analytical consumables (Cryo-EM
grids, gFET bio-chips, ultrafast photodetectors) provides immediate capital
efficiency, high gross margins (>75%), and strategic bridge revenue prior to
broader mass-market semiconductor adoption.

## 1. Executive Investment Thesis & Market Opportunity

Chemical Vapor Deposition (CVD) graphene has transitioned from academic
discovery to commercial deployment across specialized scientific
instrumentation and diagnostic platforms [1]. While widespread adoption in
silicon microelectronics remains hindered by bandgap engineering challenges,
the **Scientific & Life Science Instrumentation Sector** represents an
immediate, high-margin, high-value commercial opportunity [2].

COMMERCIALIZATION BRIDGE THESIS

[Phase 1: High-Margin Consumables] —-> [Phase 2: OEM Sub-System Kits] - Cryo-EM
Support Grids ($50-$200/unit) - gFET Bio-Analytical Cartridges - AFM Conductive Tips
($100-$300/unit) - Broadband Photodetector Assemblies - Gross Margins: 75% - 88% -
Annual Value: $10M - $50M



v
[Phase 3: Wafer-Scale Foundry Supply]
- Photonic ICs & Quantum Sensors
- Multi-Billion Dollar TAM Realization

### Key Economic Metrics & Investment Rationale

* **Addressable Market Size:** The Serviceable Addressable Market (SAM) for
2D materials in scientific instrumentation, microscopy, and bio-analytics is
projected to reach **$1.85 Billion by 2030**, growing at a 24.2% CAGR [3].

* **Eyceptional Unit Economics:** Producing an 8-inch (20@mm) wafer of high-
homogeneity monolayer CVD graphene costs approximately **$250 to $600** at
scale [4]. Dicing this wafer into specialized Cryo-EM support grids or gFET
biosensor dies yields end-product sales values ranging from **$8,000 to
$35,000 per wafer equivalent**, delivering gross margins exceeding **8@%**
[5].

* **Capital Efficiency & Cash Flow Derisking:** Early monetization through
scientific consumables creates immediate cash flow that offsets ongoing R&D
expenditures. This significantly reduces equity dilution compared to
traditional deep-tech hardware ventures [6].

## 2. Quantitative CorporateVC & Funding Program Analysis

Securing strategic corporate funding requires matching CVD graphene technical
milestones with specific corporate venture capital (CVC) mandates, check
sizes, and investment structures [7]. Below is a detailed assessment of the
leading corporate funding programs in the scientific industry.

CORPORATE VENTURE CAPITAL LANDSCAPE

Strategic Partner CVC / Funding Arm Check Size Primary Investment
Vehicle

Merck KGaA Carl M Ventures ZEISS $2.0M - $10.0M  Series A/B Equity

Zeiss AG Hamamatsu Ventures Hamamatsu $1.0M - $8.0M  Seed/Series A Equity

Photonics Agilent Ventures Agilent $1.0M - $§5.0M  CVC Equity + JDA

Technologies Thermo Ventures Corporate  $2.0M - $6.0M  Equity + OEM Dist.

Fisher Keysight Strategy Keysight $3.0M - $15.0M Milestone JDA Grant
Ventures $1.0M - $5.0M  Equity + Lab Access

#i## 2.1 M Ventures (Merck KGaA, Darmstadt)
* *¥*Funding Arm & AUM:** M Ventures is the €500M+ corporate venture capital
fund of Merck KGaA [8].
* **Strategic Mandate:** Focuses on *Frontier Tech & Life Science Tools*,
actively seeking bio-interface materials, chip-based diagnostics, and
advanced electronics materials [8].
* *¥*Funding Ticket Size & Structure:**

* **Cheque Size:** **¢2 OM to $10.0M** in Series A or Series B equity



rounds.

* **Co-Investment:** Prefers leading or syndicated equity rounds with
syndicate board seats.

* **Strategic Synergies:** Direct integration with **MilliporeSigma** for
global distribution of research-grade graphene consumables and bio-cartridges
[9].

* **pebsite:** [https://www.m-ventures.com](https://www.m-ventures.com)
* *¥*Contact Target:** Investment Director, Frontier Tech & Life Science Tools
(Darmstadt / Boston).

#i#t# 2.2 ZEISS Ventures (Carl Zeiss AG)
* **Funding Arm & Focus:** ZEISS Ventures operates as the strategic
investment arm of Carl Zeiss AG, targeting optics, photonics, microscopy, and
semiconductor manufacturing technologies [10].
* **Strategic Mandate:** Accelerating high-resolution sample prep, X-ray
optics, and EUV lithography diagnostics [10].
* *¥*Funding Ticket Size & Structure:**

* **Cheque Size:** **$1.0M to $8.0M** (Seed through Series B).

* *¥*Structure:** Equity investments paired with strategic joint prototyping
agreements (JPAs) and direct cleanroom/microscopy lab access [10].
* *¥Website:** [https://www.zeiss.com/corporate/en/about-zeiss/zeiss-
ventures.html] (https://www.zeiss.com/corporate/en/about-zeiss/zeiss-
ventures.html)
* **Contact Target:** Investment Partner, ZEISS Ventures (Jena / Oberkochen,
Germany).

#i#t# 2.3 Hamamatsu Ventures (Hamamatsu Photonics K.K.)
* **Funding Arm & Focus:** Dedicated corporate venture capital fund targeting
optoelectronic devices, advanced light sources, and compound semiconductor
sensors [11].
* **Strategic Mandate:** Bypassing silicon infrared detection limits using 2D
material heterostructures [11].
* **Funding Ticket Size & Structure:**

* **Cheque Size:** **$1.0M to $5.0M** in CVC equity rounds.

* **Stpucture:** Minority equity position paired with Joint Development
Agreements (JDAs) for wafer-scale optoelectronic package integration [11].
* *¥*Website:** [https://www.hamamatsu.com/jp/en/our-
company/cvc.html](https://www.hamamatsu.com/jp/en/our-company/cvc.html)
* **Contact Target:** General Manager, CVC Department (Hamamatsu City,
Japan).

#i## 2.4 Agilent Ventures (Agilent Technologies, Inc.)
* **Funding Arm & Focus:** Agilent Early Stage Partnerships & Agilent
Ventures CVC arm [12].
* **Strategic Mandate:** Real-time label-free bio-analytics, automated cell
analysis, and microfluidic detection platforms [12].
* *¥*Funding Ticket Size & Structure:**

* **Cheque Size:** **$2 oM to $6.0M** equity capital.

* **Structure:** Equity participation combined with non-dilutive innovation
grants and commercial distribution option contracts [12].



* **pebsite:** [https://www.agilent.com](https://www.agilent.com)
* *¥*Contact Target:** Managing Director, Agilent Ventures & Corporate
Development (Santa Clara, CA).

#i## 2.5 Thermo Fisher Scientific (Corporate Strategy & OEM Development)

* **Funding Arm & Focus:** Direct Corporate Development, Strategy & MRA
Division (does not operate a traditional standalone public CVC fund, but
executes direct balance-sheet investments and non-dilutive R&D grants) [13].
* **Strategic Mandate:** Securing proprietary, high-margin sample preparation
consumables for Cryo-EM (Krios/Glacios platforms) [14].

* *¥*Funding Ticket Size & Structure:**

* **Capital Allocation:** **$3.0M to $15.0M** in milestone-based Joint
Development Grants and commercial supply agreements with buy-out options
[13].

* **Stpucture:** Non-dilutive co-funding for custom automated production
lines in exchange for 2-3 year exclusive supply rights in electron microscopy
[14].

* **¥pebsite:** [https://www.thermofisher.com](https://www.thermofisher.com)
* **Contact Target:** VP & General Manager, Materials & Structural Analysis
Division (Eindhoven / Hillsboro).

#i## 2.6 Keysight Ventures (Keysight Technologies, Inc.)
* *¥*Funding Arm & Focus:** Corporate venture arm targeting high-frequency
test equipment, quantum electronics, and cryogenic testing [15].
* **Strategic Mandate:** Commercializing high-temperature, low-field quantum
resistance standards and THz calibration tools [15].
* **Funding Ticket Size & Structure:**

* **Cheque Size:** **$1.0M to $5.0M** equity participation.

* **Stpucture:** Equity investment paired with co-development grants and
access to Keysight's global measurement lab infrastructure [15].
* **pebsite:** [https://www.keysight.com](https://www.keysight.com)
* **Contact Target:** General Manager, Keysight Ventures (Santa Rosa, CA).

## 3. Technology Adoption Possibility & Quantity Rationale

To accurately project annual CVD graphene volume requirements, demand metrics
must reflect the physical form factor and operational consumable burn rate of
each scientific instrument category [16].

ANNUAL DEMAND & UNIT METRICS METROLOGY

Industry Application Primary Unit Metric Annual Physical 200mm Wafer
Quantity Equivalents
Cryo-EM Supports gFET 3mm Grid Packs 1,200,000 grids ~2,700
Bio-Cartridges Research Microfluidic Chips 350,000 dies ~1,100 ~950
Substrates Photodetector 10mm x 10mm Chips 250,000 dies 600 600 ~480
Arrays AFM Wear-Probes 200mm Wafer wafers 150,000 ~250 ~380



Raman SERS Plates Substrates Probe tips 40,000 chips ~25

Vacuum Windows Substrates Substrate 12,000 units
Quantum Standards Plates Custom 2,500 packages
Membranes Cryo-Die
Packages

### Rationale Behind Quantity Calculations

1. **Cryo-EM TEM Grids (Thermo Fisher):** Each TEM grid has a 3.05 mm
diameter (area ~7.07 mm2). Manufacturing 1.2M grids requires ~8.48 m? of net
monolayer graphene. Factoring in a 65% transfer/patterning yield yields ~13.0
m2 gross graphene demand (~2,700 200mm wafers/year) [14].

2. **gFET Bio-Cartridges (Agilent & Merck/MilliporeSigma):** A standard
microfluidic gFET sensor die measures ~8mm x 8mm (64 mm2). A annual volume of
350,000 chips equates to 22.4 m2 net (~35 m2 gross including edge loss and
packaging yield), equivalent to ~1,100 200mm wafers [12, 16].

3. **Optoelectronic Photodetectors (Hamamatsu):** Processed as full 200mm
wafer-scale CVD graphene-on-silicon/quartz structures. 600 wafers/year equals
~18.8 m? of high-mobility single-crystal material [11].

## 4. Sharper Recommendation & Scoring Matrix

The recommendation matrix evaluates each target partner across six weighted
dimensions:

* **Commercial Readiness (CR):** Maturity of graphene-enabled product line
(1-10).

* **Adoption Friction (AF):** Inverse of technical/cleanroom integration
barrier (1-10, 10 = lowest friction).

* **Annual Demand Value (ADV):** Revenue potential from annual material
supply ($ Millions).

* **Strategic Partner Score (SPS):** Value of CVC arm, brand endorsement, and
distribution network (1-10).

* **Financial Vehicle Fit (FVF):** Alignment with investment/grant/equity
structures (1-10).

* *¥Weighted Priority Score (WPS):** Calculated as "(CR * ©.20) + (AF * 0.20)
+ (ADV * 0.25) + (SPS * ©0.20) + (FVF * 0.15)"

| Target Company | CR (1-10) | AF (1-1@) | ADV ($M) | SPS (1-10) | FVF (1-10)
| Welghted Priority Score (©-10) | Optimal Financial Support Vehicle |
R e I e i BT BT I

| **Thermo Fisher Scientific** | 9 | 8 | $18.5M | 9.5 | 9.0 | **8.85** | Non-
Dilutive JDA Grant + OEM Supply Contract |

| **M Ventures / Merck** | 8 | 7 | $12.eM | 9.5 | 9.5 | **8.53** | Lead
Series A Equity ($5M-$10M) + Distribution |

| **ZEISS Ventures** | 8 | 8 | $9.5M | 9.0 | 9.0 | **8.50** | Co-Lead Equity
($3M-$8M) + Prototyping JDA |

| **Hamamatsu Photonics** | 7 | 6 | $8.0M | 8.5 | 8.5 | **7.48** | CVC Equity
($2M-$5M) + Foundry Access JDA |



| **Agilent Technologies** | 7 | 6 | $10.5M | 8.5 | 8.0 | **7.78** | Agilent
Ventures Equity + License Agreement |

| **Bruker Corporation** | 8 | 7 | $6.5M | 8.0 | 8.0 | **7.40** | Strategic
Equity + Buyout Option JDA |

| **Horiba Scientific** | 6 | 7 | $3.5M | 7.5 | 7.5 | **6.23*%* | R& Grant +
Open Innovation Licensing |

| **Keysight Technologies** | 5 | 5 | $1.2M | 7.0 | 7.0 | **5,25%* |
Strategic Joint Development Grant |

## 5. Strategic 36-Month Actionable Go-To-Market & Capital Strategy

36-MONTH CAPITAL & COMMERCIAL ROADMAP

MONTHS 1 - 12: PHASE I (Seed / Pilot Consumables Validation) - Secure $3M Seed Round
(Lead: ZEISS Ventures / M Ventures). - Achieve ISO 9001 certification for transfer-free CVD
graphene on TEM grids. | - Launch pilot commercial grid supply with Thermo Fisher
Scientific. - Target Revenue: $1.5M (Gross Margin: >75%).

I

\'

MONTHS 12 - 24: PHASE II (Series A / OEM Strategic Co-Development) - Raise $12M Series
A Round (Syndicate: M Ventures, Agilent, Hamamatsu). - Scale 200mm roll-to-frame / wafer-
to-wafer automated transfer line. - Qualify gFET biosensor die fabrication with Agilent and
MilliporeSigma. - Target Revenue: $6.5M.

|

\

MONTHS 24 - 36: PHASE III (Series B / Scaled Foundry Supply & Expansion) | - Execute
multi-year OEM supply contracts with Thermo Fisher, ZEISS, and Agilent. - Expand into
wafer-scale optoelectronic photodetector foundry supply. | - Achieve positive operational
cash flow ($25M+ ARR). |

### Risk Mitigation Strategy

1. **Transfer Defectivity & Pinhole Control:** Implement dry-decoupling
polymer-free transfer mechanisms or direct wafer-scale growth on insulating
substrates (CVD on sapphire/quartz) to reduce pinholes below ©.01 defects/cm?
[17].

2. **Batch-to-Batch Uniformity:** Deploy real-time inline Raman spectroscopy
mapping and optical ellipsometry across 100% of manufactured 200mm wafers to
guarantee sheet resistance variance < 5% across the entire wafer surface
[18].

3. **Intellectual Property Protection:** Patent key dry-transfer decoupling
methods, surface functionalization chemistry for gFETs, and specific grid
frame integration geometries, while retaining synthesis growth recipes as
trade secrets [19].
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# INVESTOR MEMORANDUM

**TQ:** Investment Committee / Deep Tech Venture Partners

**¥FROM: ** Advanced Materials & Space Technology Practice

**DATE: ** September 2026

**SUBJECT: ** Commercialization, Venture Capital Investment & Enterprise
Adoption Strategy for Chemical Vapor Deposition (CVD) Graphene in the Space
Sector

**TARGET FILENAME:** “investor space memo cvd graphene.md’

## EXECUTIVE SUMMARY & INVESTMENT THESIS

### The Space Infrastructure Bottleneck

The satellite and space launch industries are undergoing a fundamental
architectural shift. The transition from monolithic GEO communications
satellites to high-density LEO/MEO constellations (e.g., Space Development
Agency Tranche 1/2, Starlink, Kuiper, 03b mPOWER) and high-power payload
platforms (optical lasercom, synthetic aperture radar [SAR], edge-compute AI
GPUs, hyperspectral infrared imaging) has created severe physical bottlenecks
in **thermal dissipation**, **optoelectronic bandwidth**, **spacecraft
structural mass**, and **cryogenic propellant containment** [1, 2].

Conventional materials—such as heavy copper/aluminum heat spreaders, InGaAs
optical photodetectors requiring power-hungry cryocoolers, and metallic
liners in carbon-fiber composite tanks—have reached their fundamental
thermodynamic and mechanical limits [3].
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### The Investment Opportunity

Chemical Vapor Deposition (CVD) graphene is a key enabling material that
solves these space platform constraints. Unlike low-value graphene
nanoplatelets (GNPs) or bulk powders used in terrestrial composites, single-
layer and few-layer **CVD graphene films** offer:

* **Thermal Conductivity:** $3,000-5,000\text{ W/m}\cdot\text{K}$ (8-12x
copper, 15-25x aluminum) at $<0.1\%$ of the mass [4].

* *¥*Carrier Mobility:** $>10,000\text{ cm}~2/\text{V}\cdot\text{s}$ on wafer
dielectrics, enabling electro-optic modulators $>100\text{ GHz}$ for inter-
satellite laser links (ISLs) [5].

* **Gas & AO Barrier Impermeability:** Zero atomic oxygen (AO) degradation in
Low Earth Orbit (LEO) and helium leak rates $<107{-11}\text{
cm}~3/\text{m}~2\cdot\text{day}$ for linerless composite tanks [6].

### Market Sizing (TAM / SAM / SOM)

* **Total Addressable Market (TAM):** **$3.8B by 2032** (Global Space Thermal
Management, Space Photonic Payloads, Smallsat Components, and Advanced
Launcher Composite Materials) [7].

* **Seryviceable Addressable Market (SAM):** **¢859M by 2030** (High-power
LEO/GEO satellite thermal spreaders, optoelectronic lasercom modulators,
uncooled SWIR sensors, and launch vehicle composite tank liners) [8].

* **Sepryiceable Obtainable Market (SOM):** **$180M by 2029** (Early-adopter
prime contractors, smallsat constellation OEMs, and defense payload
integrators) [9].

## 1. TECHNICAL BENCHMARKING & VALUE PROPOSITION

CVD graphene synthesis utilizes catalytic thermal decomposition of gaseous
hydrocarbons on copper/nickel foils, yielding continuous large-area
crystalline sheets that are transferred onto target wafers or flexible
substrates [10].

Property Copper / Aluminum InGaAs / HgCdTe CVD Graphene

Thermal Conductivity (W/m-K) 200 -
400 10 - 30 3,000 - 5,000 Areal Density (g/m?) 18,000 - 27,000 N/A 0.00077 (Monolayer)
Carrier Mobility (cm?/V-s) N/A 8,000 >10,000 - 100,000 Operating Temperature -150°C to
+150°C Requires -80°C Cryo -269°C to +300°C Outgassing (TML / CVCM) 0.00% / 0.00%
N/A 0.00% / 0.00% Gas Permeability (He/H2) High (in composites) N/A Zero
(Impermeable)



### High-Value Space Use Cases & Failure Modes Solved

1. **Satellite Payload Processor Hotspot Mitigation:** High-performance FPGAs
and GPUs (e.g., AMD Versal, NVIDIA Jetson Orin space modules) operate at
local flux densities exceeding $100\text{ W/cm}”2%$. In a vacuum, conduction
is the only thermal path. CVD graphene spreaders channel heat laterally
across radiator panels, reducing junction temperatures by $18-

25"\ circ\text{C}$ and preventing thermal throttling [11].

2. **Inter-Satellite Laser Communications (Lasercom / ISL):** Optical inter-
satellite links require high-bandwidth ($>100\text{ Gbps}$) electro-optic
modulators. Monolithic CVD graphene integrated onto Silicon Photonics (SiPh)
chips enables zero-chirp, ultra-low-power modulation across $1310-1550\text{
nm}$ wavelengths without bulky lithium niobate crystals [12].

3. **Uncooled SWIR Hyperspectral Earth Observation:** Conventional Short-Wave
Infrared (SWIR) sensors require multi-stage thermoelectric or Stirling
cryocoolers (adding $5-15\text{ kg}$ and $50-100\text{ W}$ power). CVD
graphene-on-silicon photodetectors provide high broad-spectrum detectivity
($D~* > 107 {11}\text{ cm}\cdot\text{Hz}"{1/2}/\text{W}$) at room temperature
[13].

4, **Linerless Composite Tank Cryo-Permeability (COPVs):** Carbon-fiber
composite propellant tanks suffer micro-cracking under cryogenic thermal
cycling ($-253~\circ\text{C}$ for $\text{LH} 2%$). Embedded CVD graphene
barrier laminates block helium and hydrogen gas diffusion, enabling
$100\text{\% composite linerless tanks}$ that save $15-20\text{\% launch
mass}$ [14].

## 2. DEEP-DIVE: ENTERPRISE VENTURE ARMS & FUNDING ENGINES

Securing early-stage commercial adoption and non-dilutive capital in space
tech requires aligning corporate venture capital (CVC) with public defense
funding vehicles. Below is an analysis of key capital engines [15].

[
| | CAPITAL STACK ARCHITECTURE |

|_

-
. |PubHcNon{nhnweEngHw |CmponﬂeVénUwe/Pﬁva
Equity | | - NASA SBIR Phase I/11/1II | - Lockheed Martin Ventures ($400M) | | -
SpaceWERX STRATFI/TACFI | - Airbus Ventures ($155M Fund I1) | | - DIU Prototype
OTAs | - AE Industrial / Boeing HorizonX | | - ESA Technology Transfer | - L3Harris
\llentures ($100M+) |
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#i## 2.1 Corporate Venture Capital (CVC) Arms



#### 1. Lockheed Martin Ventures

* **¥AUM / Check Size:** $400M+ total allocation; typical check size **$1M -
$5M** (Series A/B lead or co-investor) [16].

* **Tnvestment Focus:** Advanced materials, microelectronics, space domain
awareness, photonics.

* **Strategic Value Add:** Direct access to Lockheed Martin Space (Denver,
CO) skunkworks engineering teams and pass-through subcontracts for Next-Gen
OPIR and GPS III platforms.

* **Key Contact:** Chris Moran, VP & General Manager, Lockheed Martin
Ventures.

#### 2. Airbus Ventures

* **AUM / Check Size:** Fund III ($155M); typical check size **$2M - $7M**
[17].

* **Tnvestment Focus:** Deep tech aerospace, advanced materials, satellite
systems, autonomy.

* **Strategic Value Add:** Seamless bridge into European Space Agency (ESA)
programs, Eurostar satellite bus integration, and Airbus Defence and Space
manufacturing hubs (Toulouse, France & Friedrichshafen, Germany).

* **Key Contact:** Matthieu Repellin, Partner, Airbus Ventures.

#### 3. AE Industrial Partners / Boeing HorizonX

* **AUM / Check Size:** $50M+ dedicated allocation for Boeing dual-use
aerospace investments; typical check size **$1.5M - $6M** [18].

* **Tnvestment Focus:** Space mobility, solar tech (Spectrolab), smallsat
systems (Millennium Space Systems).

* **Strategic Value Add:** Direct off-take path through Spectrolab for solar
cell conductive films and Millennium Space Systems for smallsat thermal
spreaders.

* **Key Contact:** Partner / Space Tech Investment Lead, AE Industrial
Partners.

#### 4. L3Harris Ventures

* ¥*¥AUM / Check Size:** $100M+ fund; typical check size **$1M - $4M** [19].
* **TInvestment Focus:** Electro-optical/infrared payloads, space
communications, RF/radar technology, microelectronics.

* **Strategic Value Add:** Rapid insertion into SDA Tranche 1/2 tracking
layer payload production lines.

* **Key Contact:** Managing Director, L3Harris Ventures, Palm Bay, FL.

#i### 5. BAE Systems Ventures & R4i

* **¥AUM / Check Size:** Research for Innovation (R4i) seed/growth fund;
**¢$500K - $3M** [20].

* **Tnvestment Focus:** Radiation-hardened microelectronics, FAST Labs
technology transition, sub-mm wave radar.

* **Strategic Value Add:** Foundry access at BAE Systems Manassas, VA (rad-
hard CMOS/ASIC line).

* **Key Contact:** Director of Corporate Ventures, BAE Systems Inc.



### 2.2 Public Non-Dilutive Co-Funding Vehicles

#it## 1. SpaceWERX / Air Force Research Lab (AFRL) TACFI & STRATFI

* **Funding Envelope:** **$1.75M (TACFI)** to **$15M (STRATFI)** matching
grants [21].

* **Mechanism:** Requires 1:1 or 1:2 private venture capital match. Ideal for
scaling CVD graphene pilot production lines from TRL 4 to TRL 7.

* **Focus:** Space Force space domain awareness, tactical responsiveness,
thermal management.

#i### 2. Defense Innovation Unit (DIU) Prototype Other Transaction Agreements
(OTAs)

* **Fynding Envelope:** **$1M to $20M+** prototype awards [22].

* **Mechanism:** Fast-track commercial procurement mechanism that bypasses
standard FAR regulations. Allows rapid deployment of CVD graphene thermal and
optoelectronic components onto operational DoD space payloads.

###4# 3. NASA SBIR / STTR Phase I, II, & Sequential Phase IIE/X

* *¥*fynding Envelope:** **$150K (Phase I)** $\rightarrow$ **$850K (Phase
II)** $\rightarrow$ **$3M - $5M (Sequential Phase IIX)** [23].

* **Mechanism:** Target topics: *Advanced Thermal Control Materials*,
*Cryogenic Composite Pressure Vessels*, *Uncooled SWIR Sensors*.

#it## 4. ESA Technology Transfer & Innovation Office (TTIO) / Graphene
Flagship

* *¥*Funding Envelope:** **£500K to €5M** European Space Agency R&D pass-
through grants [24].

* **Mechanism:** Direct support for space qualification testing (TVAC,
radiation, parabolic flight testing) via European space prime consortia
(Airbus, Thales Alenia Space).

## 3. QUANTIFIED DEMAND & ADOPTION METRICS

To assess commercial revenue potential, CVD graphene demand is quantified
using standardized industry metrics:

* **Syrface Area ($m"2/\text{year}$):** Roll-to-roll films for thermal
spreaders, radiator panels, solar conductors, composite tank liners, and
spacesuits/habitat layers.

* **pafer Equivalents ($200\text{mm}/300\text{mm}$ runs/year):** Photonic
integrated circuits (PICs), electro-optic lasercom modulators, SWIR
photodetectors, and rad-hard IC interconnects.

| |ESHMATEDANNUALENTERPRBEDEMAND



F L T
. | Enterprise Target | Annual Surface Area | Annual Wafer
Runs | | | Metric (m?/year) | (200mm Equivalents) |
r + +
4 | Lockheed Martin Space | 150 - 400 m? | 100 - 200
Wafers | | Airbus Defence and Space | 200 - 500 m? | 50 - 120 Wafers | | Boeing
(Spectrolab/Millennium)| 600 - 1,450 m? | N/A | | Northrop Grumman Space | 200 -
600 m? | 100 - 250 Wafers | | L3Harris Technologies | 50 - 150 m? | 150 - 350 Wafers
| Rocket Lab USA | 250 - 750 m? | N/A | | Planet Labs PBC | 30 - 80 m? | 40 - 100
Wafers | | Sierra Space | 300 - 1,000 m2 | N/A | | BAE Systems (FAST Labs) | 50 - 100
m? | 100 - 250 Wafers | | Axiom Space | 150 - 400 m? | N/A
= |

|
B

4
. | TOTAL ESTIMATED SPACE DEMAND | 1,980 - 6,030
?ﬁ/yr| 540 - 1,270 Wafers/yr |

-1 - | —

## 4. SHARPER RECOMMENDATION MATRIX FOR INVESTORS

The matrix below evaluates target space companies across key commercial
parameters to guide investment origination, deal structuring, and commercial
go-to-market strategy [25].

| Target Space Company | Primary CVD Application | Adoption Likelihood (%) |
Est. Annual Quantity Metric | Projected Annual Contract Value ($M ARR) |
Strategic Alignment Score (1-10) | Preferred Capital / Funding Channel | Time
to Revenue (Velocity) | Key Risk / Deal Breaker |

R B B SRR R EEEE N BTN BT BEEEE R

| **L3Harris Technologies** | Lasercom Modulators / EMI | **85%** | $150-
350\text{ Wafers/yr}$<br>$50-150\text{ m}~2/\text{yr}$ | **$12.5M - $28.0M**
| **9.5%* | L3Harris Ventures<br>DIU Prototype OTA | **12-18 Mos** (Fast) |
CMOS foundry yield & PDK qualification |

| **Airbus Defence & Space** | Loop Heat Pipes / Lasercom SiPh | **9@%** |
$200-500\text{ m}*2/\text{yr}$<br>$50-120\text{ Wafers/yr}$ | **$15.0M -
$32.0M** | **9 8** | Airbus Ventures<br>ESA TTIO / Flagship | **18-24 Mos**
(Med) | ECSS qualification timelines in Europe |

| **Rocket Lab USA** | CFRP LOX Tanks / Smallsat TMS | **8@%** | $250@-
750\text{ m}*2/\text{yr}$ | **$8.0M - $22.0M** | **9 _@** | Direct Commercial
Off-Take<br>Joint Development | **12-18 Mos** (Fast) | ATP lamination bonding
at scale |

| **Lockheed Martin Space** | Thermal Spreaders / OPIR Sensors | **85%** |
$150-400\text{ m}*2/\text{yr}$<br>$100-200\text{ Wafers/yr}$ | **$14.0M -
$35.0M** | **9 e** | Lockheed Martin Ventures<br>SpaceWERX STRATFI | **18-30
Mos** (Med-Slow) | Long FAR procurement cycles |

| **Planet Labs PBC** | Uncooled SWIR Hyperspectral FPAs | **75%** | $40-



100\text{ Wafers/yr}$<br>$30-80\text{ m}~2/\text{yr}$ | **$4.5M - $11.0M** |
**8 5*%* | Commercial Pilot POs<br>Joint IP Development | **12-15 Mos** (Fast)
| Sensor dark current uniformity at ambient |

| **Boeing (Spectrolab)** | Triple-Junction Solar Conductors | **75%** |
$600-1,450\text{ m}*2/\text{yr}$ | **$18.0M - $42.0M** | **8.8** | AE
Industrial / HorizonX<br>Spectrolab NRE | **24-36 Mos** (Slow) | Interfacial
contact resistance on III-V |

| **Northrop Grumman** | Cryo CFRP Tanks / SDA Sensors | **70%** | $200-
600\text{ m}*2/\text{yr}$<br>$100-250\text{ Wafers/yr}$ | **$11.0M - $26.0M**
| **8.4*%* | Corporate VC / DARPA<br>SDA Contract Subcontract | **24-36 Mos**
(Slow) | Cryo shock thermal cycle resistance |

| **Sierra Space** | LIFE Habitat AO & Gas Barrier | **70%** | $300-
1,000\text{ m}*2/\text{yr}$ | **$9.0M - $25.0M** | **8 @** | NASA CLD Pass-
Through<br>Corporate VC | **24-36 Mos** (Slow) | Inflatable packing strain
flex endurance |

| **BAE Systems (FAST Labs)** | Rad-Hard Vias / THz Sensors | **70%** | $100-
250\text{ Wafers/yr}$ | **$6.5M - $16.@M** | **8 2** | BAE Ventures /
R4i<br>DARPA MTO Subcontracts | **24-36 Mos** (Slow) | Rad-hard foundry
process insertion |

| **Axiom Space** | AXEMU Spacesuit Protection Layer | **65%** | $150@-
400\text{ m}~2/\text{yr}$ | **$5.0M - $12.0M** | **7 5** | NASA Artemis Task
Orders<br>Joint Development | **30-42 Mos** (Slow) | Lunar regolith dust wear
resistance |

## 5. TIERED INVESTOR PLAYBOOK & ACTION PLAN

To maximize capital efficiency and de-risk market entry, investors should
syndicate investments around a three-tiered commercial execution roadmap
[26].

| | TIERED COMMERCIAL PLAYBOOK |

|_

4 | TIER 1: FAST-TRACK REVENUE (Months 0 - 18) | | Target:
L3Harris, Planet Labs, Rocket Lab, Airbus Defence | | Action: Deploy $3M-$5M
Seed/Series A to secure commercial off-take | | agreements for lasercom PICs & smallsat
thermal pads.

|_

. | TIER 2: LARGE-SCALE PRIME INTEGRATION (Months 18 - 36)
| | Target: Lockheed Martin Ventures, Boeing (Spectrolab), Northrop | i Action: Execute
SpaceWERX STRATFI ($15M) venture-matched grants; scale | | roll-to-roll CVD
production for solar & tank gas barriers.

|_

4 | TIER 3: LONG-HORIZON INFRASTRUCTURE (Months 36 - 60) |
| Target: Sierra Space, Axiom Space, BAE Systems FAST Labs | | Action: Subcontract
under NASA Commercial LEO Destinations (CLD) & | | DARPA MTO projects for next-gen



sltation hulls & rad-hard ICs.

### Strategic Financial Engineering & Capital Efficiency Strategy

1. **Maximize Non-Dilutive Capital Density:** Require portfolio companies to
stack **NASA Phase II/Sequential SBIRs ($5M)** + **SpaceWERX TACFI/STRATFI
($1.75M-$15M)** alongside venture equity. This yields a 2x-3x non-dilutive
leverage factor on venture capital [27].

2. **Foundry-Side IP & Transfer Licensing:** Avoid heavy capital expenditure
in semiconductor wafer fab cleanrooms. Partner with open silicon photonics
foundries (e.g., AIM Photonics, CEA-Leti, IMEC) for CVD graphene wafer
transfer, reserving venture capital for proprietary roll-to-roll transfer
tools and custom thermal pad manufacturing [28].

3. **Structured Commercial Off-Take Tranches:** Structure CVC investments
with milestone-based purchase commitments: link Series B equity tranches
directly to space-qualification milestones (TVAC, ASTM E595 outgassing
compliance) and initial volume off-take purchase orders [29].
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# INVESTOR MEMORANDUM

**TO:** Investment Committee & Strategic Venture Partners

**FROM: ** Advanced Materials & Sports Technology Venture Advisory
**DATE: ** September 2026

**SUBJECT:** Strategic Commercialization & Investment Assessment: CVD
Graphene Thin Films in Professional Sports Equipment, Wearables, and
Motorsports

**TARGET FILENAME:** “investor sports (pro) memo cvd graphene.md’

## 1. Executive Investment Thesis

### 1.1 The Technological Inflection: From Bulk Additives to Functional CVD
Films

The sports technology industry is undergoing a structural paradigm shift.
First-generation graphene applications relied almost exclusively on bulk
Graphene Nanoplatelets (GNPs) or reduced Graphene Oxide (rGO) powders blended
into polymer matrices as mechanical reinforcement additives (e.g., tennis
rackets, bicycle frames, running shoe outsoles) [1, 2]. While effective for
incremental stiffness and weight reduction, bulk additives do not unlock
electronic, optical, or precision sensor functionality.

**Chemical Vapor Deposition (CVD) Graphene** represents an entirely distinct
high-value asset class. As a continuous, high-purity single-layer or few-
layer atomic film grown on catalytic metal foils via Roll-to-Roll (R2R)
processing, CVD graphene delivers:

* **Unrivaled Piezoresistive Sensitivity**: Gauge factors exceeding 50-100,
enabling sub-millimeter biomechanical strain sensing and structural health
monitoring (SHM) in composite structures [3].

* **Exceptional Optical Transparency & Conductivity**: Optical transmittance
$>95\%$% paired with sheet resistances of $10\text{--}50\,\Omega/\text{sq}$,
enabling low-power transparent heating and active de-fogging in visors and
protective gear [4].

* **Jltra-High Thermal Conductivity**: In-plane thermal conductivity of
$3,000\text{--}5,000\,\text{W/m}\cdot\text{K}$, enabling micro-thin planar
heat spreaders for high-power density electronics in sports telemetry pods
[5].

* **Epidermal Conformability**: Atomic-scale flexibility that conforms
seamlessly to elastomeric apparel substrates for dry-contact ECG/EMG bio-
potentials without gel or skin irritation [6].

[Graphene Technology Dichotomy]

Bulk / Flake Graphene (GNP/rGO) Chemical Vapor Deposition (CVD) Graphene

* Powders, flakes, slurries * Continuous single/few-layer films
* Passive composite resin additive * Active electronic / optical / sensor film



Bulk / Flake Graphene (GNP/rGO) Chemical Vapor Deposition (CVD) Graphene
* Low unit value ($50-$200/kg) * High unit value ($500-$2,000/m?)
* Target: Mechanical strength * Target: Strain, Bio-sensing, Heating, SHM

1.2 Market Sizing & Financial Dynamics

The global market for CVD graphene films in professional sports applications is projected
to grow from $18.5M in 2024 to $112.4M by 2030 (CAGR of 35.1%) [7]. This growth is
propelled by the rapid digitization of elite athletics, mandatory concussion tracking in
contact sports, real-time telemetry in motorsports, and high-margin smart apparel
adoption [8].

For an early-stage advanced materials developer, targeting the professional sports market
provides three distinct financial advantages: 1. High Gross Margins (> 70%): Premium
pro sports brands tolerate initial CVD film prices of $1,000-$2,000 per m?, insulating
startups during early yield optimization phases. 2. Accelerated Validation Cycles: Pro
sports teams and racing divisions operate on 6-to-18-month technology integration
cycles—dramatically faster than automotive (5-7 years) or aerospace (7-10 years) [9]. 3.
High-Profile Brand Validation: Co-branding with WorldTour cycling teams, NFL visors,
or Formula 1 constructs creates massive halo effects for subsequent enterprise scaling.

2. Strategic Partner Landscape & Corporate Venture Capital (CVC) Ecosystem

A critical component of commercializing CVD graphene in pro sports is leveraging
corporate funding programs, accelerator networks, and strategic venture arms. Below is an
expanded analysis of the top strategic targets, their CVC structures, funding criteria, and
strategic focus areas.

+ ____________________________________________________________________________
_____________________ +

| corporate venture & r&d programs

|

L TR T Hmm e +-
_____________________ +

| Company / Strategic Arm | Investment Vehicle Type | Typical Check |
Strategic Focus |

T o m oo Hmmmmmm e +-
_____________________ +

| Nike Ventures / Kitchen | CVC & Innovation Grants | $500k - $3.0M |
Smart Apparel, Gait |

| adidas Ventures / HYPED | Early Equity / Grants | $250k - $2.eM |
Wearables, Thermal |

| Catapult Sports R&D | JDA / Direct Funding | $250k - $1.eM |
Biometric Smart Vests|

| Garmin Ventures | CvC / Corporate Equity | $1.0M - $5.0M |



GPS, Bio-Sensors |

| EssilorLuxottica (Oakley)| Open Innovation / CVC | $500k - $2.5M |
Visors, Heated Lenses|

| Revelyst (Giro / Bell) | Innovation Fund / Grant | $200k - $750k |
Helmet Impact Matrices|

| McLaren Applied Ventures | Strategic JV / Equity | $500k - $3.0M |
F1 Telemetry, SHM |

| Topgolf Callaway / Vent. | CVC & Strategic R&D | $300k - $1.5M |
Club Face Dynamics |

| Amer Sports / Anta CVC | Corporate Equity | $500k - $2.0M |
Racket/Ski Damping |

fmmmmmmmeeemeeecmeeeeeaa-- e S +-

2.1 Apparel & Biometrics Leaders
1. Nike Ventures & Nike Innovation Kitchen (Nike, Inc.) [10]

Program Overview: Nike Ventures operates as the strategic investment arm
of Nike, Inc., focusing on digital product creation, advanced materials, and
health/performance sensing.

Funding Mechanisms: Direct Series A/B equity investments ($1M-$5M), non-
dilutive milestone grants via the Nike Innovation Kitchen, and structured
JDAs.

Investment Mandate: Next-generation bio-sensing footwear, wearable strain
monitoring, and athletic recovery materials.

Target Contact: Lead Partner, Nike Ventures; Director of Material Science,
Nike NXT Innovation (ventures@nike.com).

2. adidas Ventures & HYPED Accelerator (adidas AG) [11]

Program Overview: Based out of Herzogenaurach, Germany, and partnered
with Station F (Paris), adidas Ventures invests in sustainable materials,
digital athletic solutions, and advanced textiles.

Funding Mechanisms: Seed and Series A equity checks ($500k-$2M)
alongside paid PoC projects ($100k-$300Kk).

Investment Mandate: Flexible thermal dissipation films, conductive textile
fibers, and printed/transferred biosensor electronics.

Target Contact: Managing Director, adidas Ventures; VP of Material Futures
(ventures@adidas-group.com).

3. Catapult Sports Corporate R&D & Strategic Development [12]

Program Overview: Catapult Sports (ASX: CAT) maintains a dedicated
hardware innovation fund targeting elite athlete monitoring systems.
Funding Mechanisms: Strategic co-development funding ($250k-$1M),
technology licensing advance royalties, and inorganic acquisition.
Investment Mandate: Non-invasive bio-potential (ECG/EMG) sensing fabrics,
ultra-lightweight strain sensors, and multi-modal wearable arrays.

Target Contact: Chief Technology Officer; Head of Strategic Partnerships
(innovation@catapultsports.com).



4. Garmin Ventures (Garmin Ltd.) [13]

Program Overview: Corporate venture arm backing hardware, sensor, and
micro-electronics innovations across fitness, outdoor, and aviation segments.
Funding Mechanisms: Equity co-investments ($1M-$5M) and long-term joint
supply agreements.

Investment Mandate: Miniaturized sensor technologies, advanced thermal
spreaders, and flexible display components.

Target Contact: Director of Corporate Development
(corporate.development@garmin.com).

2.2 Protective Gear & Eyewear Leaders
5. EssilorLuxottica Open Innovation & CVC (Oakley Division) [14]

Program Overview: EssilorLuxottica operates global Open Innovation centers
in Europe and the US, partnering with early-stage deep-tech companies.
Funding Mechanisms: Strategic minority equity investments ($1M-$3M),
joint patent development grants ($250k-$750Kk), and exclusive distribution
licensing.

Investment Mandate: Transparent conductive films, dynamic electrochromic
coatings, anti-fogging active heating, and smart visors.

Target Contact: Global Head of Open Innovation, EssilorLuxottica; VP of
Oakley R&D (openinnovation@essilorluxottica.com).

6. Revelyst Innovation Fund (Vista Outdoor / Giro & Bell Helmets) [15]

Program Overview: Revelyst manages an innovation program backing head
protection safety technologies, biomechanical sensing, and smart helmet
ecosystems.

Funding Mechanisms: Proof-of-concept R&D grants ($150k-$500Kk) and
Series A equity co-investments.

Investment Mandate: Multi-axis impact sensing grids, lightweight
piezoresistive sensor matrices, and concussion diagnostic hardware.

Target Contact: VP of Product Innovation, Revelyst; Director of Helmet R&D,
Giro/Bell (innovation@revelyst.com).

2.3 Composite Equipment & Motorsports Leaders
7. McLaren Applied Strategic Ventures & McLaren Racing (McLaren Group) [16]

Program Overview: McLaren Applied acts as the technology
commercialization engine for McLaren, deploying Formula 1 telemetry and
sensor technologies into broader sports and industrial applications.

Funding Mechanisms: Strategic JV equity investments ($1M-$4M), sponsored
engineering grants, and high-performance testing access.

Investment Mandate: High-temperature thermal heat spreaders, prepreg-
compatible composite SHM strain grids, and extreme-environment sensors.
Target Contact: Managing Director, McLaren Applied; Chief Engineer,
McLaren Racing (appliedinfo@mclaren.com).



8. Callaway Ventures (Topgolf Callaway Brands Corp.) [17]
- Program Overview: Callaway Ventures targets breakthrough golf equipment
engineering, performance tracking, and sports analytics hardware.
- Funding Mechanisms: Direct equity investments ($500k-$2M) and sponsored
R&D projects.
- Investment Mandate: Transient impact deflection sensors, composite
damping materials, and smart shaft telemetry.
- Target Contact: VP of Research & Development; Head of Corporate Ventures
(ventures@callawaygolf.com).
9. Amer Sports Innovation Fund (Wilson Sporting Goods / Anta Sports) [18]
- Program Overview: Backed by Anta Sports, Amer Sports operates an
innovation fund targeting racket sports, skiing, and technical apparel.
- Funding Mechanisms: Corporate venture equity ($500k-$2.5M) and
commercial pilot funding.
- Investment Mandate: Vibration damping materials, composite health
monitoring, and smart sports gear.

- Target Contact: VP of Global Innovation, Amer Sports
(innovation@amersports.com).

3. Technology Adoption & Volume Requirement Modeling

To estimate annual CVD graphene material requirements (m?/year), we model adoption
across each company’s high-tier pro product line using transferred CVD graphene film
standards (monolayer/few-layer on PET, TPU, or PI substrates).

7,500 $m 23 |
Revelyst (Giro / Bell) | Helmet Impact Matrices | 7.5 / 10

+ ____________________________________________________________________________
_______________________ +

| annual demand & adoption summary

|

e T e e
T +

| Target Company | Key CVD Application | Adoption Score (1-
10) | Annual Volume ($m”2%$/yr) |

dmmmmmmmeeemeeeemmee—e—ea-- Hmmmmmmmmemeeeeeeceeeeee—ea- T
T +

| Nike, Inc. | Pro Wearable Bio-Strain | 7.0 / 10

| 10,000 $m~2$ |

| adidas AG | Biometric Thermal Apparel | 7.5 / 1@

| 7,500 $m~2$ |

| Catapult Sports | Smart Vest Sensor Strips | 8.5 / 1@

| 1,500 $m~2$ |

| Garmin Ltd. | Telemetry Thermal/Sensors | 8.0 / 1@

| 6,000 $m~23$ |

| EssilorLuxottica (Oakley)| Visor Heating & Anti-Fog | 9.0 / 10

|

|



4,000 $m~2$% |
Specialized & Trek | Frame Composite SHM Grids | 6.5 / 1@
4,000 $m 2% |
Callaway & TaylorMade | Club Impact Telemetry | 6.0 / 10

McLaren Group / Applied | F1 Thermal Spreaders/SHM | 8.5 / 1@

500

$m 2% |

Amer Sports (Wilson) | Racket/Ski Vibration Sensor| 6.5 / 1@
4,500 $m 2% |

I
|
|
I
| 1,600 $m 23 |
|
I
|
|

| TOTAL ESTIMATED DEMAND |
| 47,100 $m~2% / yr |

Technical Integration Profiles & Modeling Mechanics:

Optical Visors (Oakley): Assumes 250,000 units/yr at 0.03 m?/unit = 7,500 m?/
yr. High yield requirement (> 90% optical clarity).

Smart Athletic Apparel (Nike/adidas): Assumes 800,000 pro garments/yr at
0.02-0.025 m? /garment = 17,500 m?/yr. Requires washability validation (> 50
laundry cycles).

Wearable Pods & Smart Vests (Catapult/Garmin): Assumes 1.35M devices/yr at
0.005-0.01 m?/device = 7,500 m?/yr. High reliability requirement under
sweat/salt corrosion.

Composite Equipment & Motorsports (Specialized/Callaway/McLaren/Amer):
Assumes 550,000 premium composite components/yr at 0.008-0.08 m? /unit =
10,600 m? /yr. Requires resistance to composite autoclave curing (120-180°C).

4. Sharper Prioritization & Recommendation Matrix

The decision matrix below evaluates target corporate partners across adoption readiness,
volume demand, preferred financial engagement structure, deal sizing, timeline, key risks,
and overall strategic prioritization.
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5. Value Creation Strategy & Commercialization Roadmap
Phase 1: Validation (Mos ©-12) Phase 2: Pilot Scaling (Mos 12-24)
Phase 3: Scale Commercial (Mos 24-48)

* Secure Tier-1 PoC Grants * R2R Transfer Scale (300mm width) *
Multi-Year Supply Contracts
* Execute Oakley/Catapult IDAs * CVC Co-Investments ($3M-$8M total) *

Expand to Mass Athletic Market
* Qualify Substrate Encapsulation * Launch F1 & NFL Athlete Pilots *
Strategic M&A / Exit Opportunities

5.1 Phased Execution Plan
e Phase 1: Prototype Qualification & Non-Dilutive Grant Capture (Months 0-12)

- Secure non-dilutive PoC grants ($200k-$500k each) from EssilorLuxottica
(Oakley), Catapult Sports, and McLaren Applied.

- Validate CVD graphene transfer yield on optical polycarbonate (for visors)
and flexible TPU (for smart vests).

-  File foundational patents covering flexible contact busbars and strain-
isolated transfer encapsulation [19].

e Phase 2: R2R Pilot Scale-Up & Strategic CVC Co-Investment (Months 12-24)

- Transition from 150mm batch reactors to continuous Roll-to-Roll (R2R)
300mm web-width CVD synthesis systems, lowering film production costs to
< 500/m? [20].

- Co-lead a Series A funding round ($5.0M-$8.0M) syndicated by Garmin
Ventures, adidas Ventures, and Nike Ventures.

- Launch pilot deployments in WorldTour cycling (heated visors/SHM frames)
and Premier League/NFL pre-season tracking (Catapult smart vests).

e Phase 3: Commercial Volume Expansion & Exit Execution (Months 24-48)

- Scale production capacity to exceed 50,000 m? /year to fulfill long-term
supply agreements across sports, defense, and medical wearables.

- Target strategic acquisition (M&A exit) by major electronic material
conglomerates (e.g., Henkel, DuPont, Rogers Corporation) or pro sports
analytics platforms (Catapult, Garmin, Amer Sports) at projected revenue
multiples of 8x-12x [21].
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1. Executive Summary & Core Investment Thesis

Chemical Vapor Deposition (CVD) graphene is transitioning from laboratory validation to
an essential functional material across the global transportation ecosystem [1, 2]. As
automotive OEMs, Tier 1 systems suppliers, and transit authorities execute multi-billion-
dollar commitments toward electrification, autonomous mobility, hydrogen propulsion,
and high-speed rail, legacy material physics limits performance [3, 4].

While bulk Graphene Nanoplatelets (GNPs) and Graphene Oxide (GO) are low-margin,
micro-powder additives used primarily for resin mechanical reinforcement ($10-$30/kg),
roll-to-roll (R2R) single-layer and multi-layer CVD graphene sheets represent high-
margin ($100-300/m? early commercial, scaling to $15-25/m?), high-moat functional
surface products [5, 6]. Continuous CVD graphene delivers a unique combination of
physical properties: * High Electrical Conductivity (> 10° S/m): Reduces current
collector interfacial contact resistance by up to 80%, enabling ultra-fast charging (> 3C) in
battery cells without thermal breakdown [7, 8]. * High In-Plane Thermal Conductivity
(3,000 — 5,000 W/m - K): Dissipates localized power electronics hot spots in Silicon
Carbide (SiC) traction inverters, reducing junction thermal resistance by 30-50% [9, 10]. *
High Optical Transparency (> 97% per monolayer) & Flexible Heating: Delivers
uniform electro-thermal power (0.2 — 1.5 W/cm?) for rapid, line-of-sight sensor de-icing
(LiDAR, radar radomes, cameras) in Level 3/4 autonomous vehicles [11, 12]. * Zero Gas
Permeability & Corrosion Resistance: Acts as a quantum barrier preventing hydrogen
gas micro-leakage in Type IV 700-bar tanks and protecting metallic fuel cell bipolar plates
in acidic environments (pH 2 — 3) [13, 14].

TRANSPORTATION CVD GRAPHENE MARKET MAP



SERVICEABLE ADDRESSABLE MARKET (SAM) |
EV Battery Collectors, ADAS Sensor Heaters, Hydrogen Barriers]|
(~15,000,000 - 25,000,000 $m~2%$/yr | $450M-$850M) |

| SERVICEABLE OBTAINABLE MARKET (SOM) |
| Early-Mover Scale-Up Capture across Tier 1 Suppliers (15-20%) |
| (~3,000,000 $m~2$/yr | $96M-$150M) |

Key Investment Highlights:

1. Serviceable Addressable Market (SAM): Total annual transportation demand for
CVD graphene films and coatings is projected at 15,000,000 to 25,000,000 m? per
year by 2032, representing an annual material market of $450M to $850M for
raw/transferred film, expanding to $1.8B-$3.2B when integrated into qualified
subsystem modules (sensor domes, battery current collectors, bipolar plates) [3,
15].

2. Sticky Enterprise Value & High Barriers to Entry: Automotive IATF 16949, ISO
26262 functional safety, UN ECE Regulation 157, and railway IRIS certifications
create a 3-to-5-year qualification moat [16, 17]. Once qualified on an OEM platform
(e.g., Tesla 4680 line, VW SSP platform, Toyota HTWO fuel cells), a supplier locks in
10+ year recurring production revenue with high switching costs.

3. Non-Dilutive Capital Leverage (1:2 to 1:4): Early-stage CVD graphene scale-ups
can leverage private venture capital with substantial non-dilutive government and
corporate R&D grants via programs like the US DOE Vehicle Technologies Office, EU
Horizon Europe / IPCEI Hydrogen, Japanese NEDO, and German BMBF [18, 19].

2. Market Sizing, Drivers, and Regulatory Catalysts
2.1 Vehicle Production Volumes & Per-Unit Material Consumption Logic

Transportation adoption is driven by mass-production platform volume dynamics: *
Electric Light Vehicles (EVs): Global EV output scaling to >25,000,000 units/year by 2030
[20]. Material sizing: ADAS camera/LiDAR/radar window heaters (~0.4-0.8 m? /vehicle);
battery current collector foils (~10-20 m? /pack if partially adopted); smart
windshields/radiant heating (~1.5-2.5 m? /vehicle) [7, 11]. * Fuel Cell Commercial
Vehicles (FCEVs): Heavy trucks and buses reaching ~150,000 units/year by 2030 [21].
Material sizing: Titanium/steel PEMFC bipolar plates (~12-18 m? /stack); Type IV
hydrogen storage tank gas barrier liners (~6-10 m? /vehicle) [13, 14]. * Autonomous
Shuttles & Robotaxis: Scaling to ~500,000 operational units globally by 2032. Critical
driver: Mandatory all-weather sensor availability forces 100% adoption of optical-grade
sensor de-icing (~0.8-1.2 m? /vehicle) [12, 16]. * High-Speed Rail & Electric Transit:
Fleet maintenance and new builds covering >60,000 km of high-speed track. Material



sizing: Pantograph carbon-graphene contact strips (~15-25 m? /trainset/year); traction
inverter heat spreaders (~50-100 m? /trainset) [22].

2.2 Primary Regulatory Catalysts

e UNECE Regulation 157 & SAE J3016 (Automated Lane Keeping Systems):
Mandates continuous operational safety for Level 3+ autonomous driving under
adverse weather conditions [16]. Ice or fog obstruction on LiDAR or camera
windows requires automatic, instant electro-thermal clearing.

e Euro 7 & EPA Winter Range Standards: Tightened energy efficiency targets
penalize heavy cabin convective HVAC heating. Radiant interior heaters and electro-
thermal smart glass using CVD graphene preserve up to 25-30% of EV battery range
in sub-zero ambient testing [15, 23].

e EU Hydrogen Strategy & US DOE Clean Hydrogen Shot: Target $1/kg H, cost and
15,000-hour fuel cell operational lifetimes for commercial trucks [18, 21]. Bipolar
plate degradation and hydrogen tank leakage are explicit target technical hurdles
addressed by CVD graphene barriers.

3. Deep-Dive: Company-Level CVC Arms, Funding Programs & Grant
Mechanisms

To transition CVD graphene into production, scale-ups must engage corporate venture
capital (CVC) funds, strategic non-recurring engineering (NRE) development contracts, and
government co-funding programs.

CORPORATE VENTURE CAPITAL & GRANT MATCHING LANDSCAPE

CORPORATE VENTURE CAPITAL | |  NON-DILUTIVE GOVT GRANTS |
- Toyota Ventures ($500M+) | | - US DOE VTO Grants |
- BMW i Ventures ($300M+) | <--> | - EU Horizon Europe / IPCEI|
|
|
|

- GM Ventures Japanese NEDO / METI |
- Bosch Ventures (€1B+) German BMBF Grants |
- Hyundai CRADLE Korean MOTIE Funds |

| DEVELOPING CVD GRAPHENE SCALE-UP |
| Series A/B Equity + Matching Grant Co-Funding |

3.1 Tesla, Inc.
e Corporate Venture / Strategic Investment Arm: Direct balance-sheet strategic
capital via Tesla Supply Chain & Technology Development [8].

- Investment Focus: High-speed battery manufacturing tech, advanced cell
chemistry, autonomous sensor hardware. Typical engagement: $5M-$25M



joint NRE development contracts + guaranteed long-term offtake
agreements.

¢ Non-Dilutive Grant Mechanisms:
- USDOE Vehicle Technologies Office (VTO) Grants: Joint OEM-supplier

research grants covering up to 50% of advanced battery manufacturing
equipment scaling costs [18].

e Co-Development Pathway: Joint development with Tesla Cell Design & Advanced
Battery Materials Engineering (Austin, TX & Palo Alto, CA) for roll-to-roll current
collector integration into 4680 cell lines.

3.2 Toyota Motor Corporation
e Corporate Venture Arms: Toyota Ventures ($500M+ Frontier & Carbon
Neutrality Funds) and Woven Capital ($800M growth-stage fund) [24, 25].
- Ticket Size: $1M to $10M (Seed to Series B).
- Focus: Hydrogen economy, zero-emission mobility, advanced carbon
nanomaterials, solid-state batteries.
e Non-Dilutive Grant Mechanisms:
- Japanese New Energy and Industrial Technology Development
Organization (NEDO) Grants: Non-dilutive grants matching up to 66% of
R&D expenditure for fuel cell durability and hydrogen storage technology
[19].
e Co-Development Pathway: Strategic piloting through Toyota Frontier Research

Center and Hydrogen Factory for PEMFC bipolar plate coatings and Type IV tank
barrier testing.

3.3 Volkswagen Group (incl. CARIAD & PowerCo)
e Corporate Venture Arm: Porsche SE / VW Group Corporate VC and PowerCo
Supplier Development [9, 26].
- Ticket Size: €2M to €15M.

- Focus: Battery supply chain scaling, software-defined vehicle sensors, smart
glass.

e  Non-Dilutive Grant Mechanisms:
- German Federal Ministry of Education and Research (BMBF) Battery /

Nanomaterials Funds: Co-funding up to 50% for battery cell manufacturing
innovation.

- EU Horizon Europe / Clean Hydrogen Joint Undertaking: Multi-million
euro collaborative project grants [2, 19].

e Co-Development Pathway: Direct supplier qualification with PowerCo SE
(Salzgitter) for battery foil coatings and CARIAD for ADAS sensor window heaters.

3.4 General Motors Company
e  Corporate Venture Arm: GM Ventures (Detroit, MI) [27].

- Fund Structure: Multi-stage strategic venture fund. Typical ticket size: $2M to
$10M.



- Focus: Ultium battery technology, autonomous vehicle platform hardware
(Cruise), advanced materials.

¢ Non-Dilutive Grant Mechanisms:
- USDOE VTO & Advanced Research Projects Agency-Energy (ARPA-E)

Grants: Matching grants supporting high-energy density battery current
collectors and fuel cell durability [18].

e Co-Development Pathway: Joint development with GM Global R&D Materials Lab
(Warren, MI) and Cruise hardware engineering for sensor de-icing domes.

3.5 BMW Group
e Corporate Venture Arm: BMW i Ventures (Mountain View, CA & Munich,
Germany) [28].

- Fund Structure: $300M+ independent venture fund. Typical ticket size: $2M
to $8M.

- Focus: E-mobility, advanced manufacturing, interior climate efficiency,
sustainable materials.

e Non-Dilutive Grant Mechanisms:
- German BMBF & Bavarian Ministry of Economic Affairs Grants: Regional

and federal matching funds for lightweight composites and radiant interior
heating [15, 23].

e Co-Development Pathway: Pilot validation through BMW Startup Garage for fast-
track integration into Neue Klasse vehicle platforms.

3.6 Hyundai Motor Group
e  Corporate Venture Arm: Hyundai CRADLE (Silicon Valley, Berlin, Seoul, Tel Aviv)
[29].
- Fund Structure: Global corporate venture network. Typical ticket size: $1M to
$5M.

- Focus: Hydrogen energy (HTWO), EV battery technology, sensor hardware,
robotics.
¢ Non-Dilutive Grant Mechanisms:
- South Korean Ministry of Trade, Industry and Energy (MOTIE) Grants:
Government co-funding covering up to 70% of R&D for national strategic
hydrogen and battery technologies.

e Co-Development Pathway: Strategic piloting via HTWO Fuel Cell R&D Center and
Eco-Technology Development Center for commercial truck fuel cell stacks.

3.7 BYD Company Ltd.

e  Corporate Venture / R&D Arm: BYD Capital and FinDreams Battery R&D
Institute [7, 30].
- Focus: Vertical integration of battery cell materials, SiC power modules, and
electric vehicle glass.

- Investment Structure: Strategic equity investments ($3M-$20M) paired with
mass-volume supply agreements.



o Non-Dilutive Grant Mechanisms:

- Chinese Ministry of Science and Technology (MOST) National Key R&D
Programs: Large-scale state grants for advanced energy storage and wide-
bandgap semiconductor thermal management.

e Co-Development Pathway: Joint production line integration with FinDreams
Battery for roll-to-roll current collector coatings on Blade Battery lines.

3.8 CRRC Corporation Limited
e  Corporate Venture Arm: CRRC Capital Investment Management [22].

- Investment Focus: High-speed rail materials, power electronics, pantograph
contact technology, structural health monitoring.

o Non-Dilutive Grant Mechanisms:

- Chinese MOST High-Speed Rail Major Technology Projects: Multi-
hundred-million RMB state research funds for 350 + km/h transit
durability.

e Co-Development Pathway: Collaborative testing at the CRRC National Engineering
Research Center for High-Speed Trains and CRRC Zhuzhou Institute.

3.9 Alstom SA
e Corporate Venture / Strategic Innovation Arm: Alstom Ventures & Open
Innovation Program [14].
- Focus: Zero-emission regional rail (hydrogen and battery), driverless train
sensors, lightweight transit structures.
¢ Non-Dilutive Grant Mechanisms:
- EU Europe’s Rail Joint Undertaking (Horizon Europe): €1.2B public-
private partnership providing non-dilutive grant co-funding up to 70% for
green rail tech [19].

-  French ADEME (Agency for Ecological Transition) Grants.

e Co-Development Pathway: Joint development through Alstom Hydrogen Center of
Excellence (Tarbes, France) for regional train fuel cell stack lifetime extension.

3.10 Robert Bosch GmbH
e  Corporate Venture Arm: Robert Bosch Venture Capital (RBVC) (Stuttgart,
Germany) [10, 31].

- Fund Structure: €1B+ total AUM across multiple fund generations. Typical
ticket size: €2M to €10M.

- Focus: Mobility solutions, sensor micro-systems, hydrogen powertrain
components, advanced functional coatings.

e Non-Dilutive Grant Mechanisms:

-  EU Important Projects of Common European Interest (IPCEI) Hydrogen:
Multi-billion Euro EU grant framework supporting European fuel cell
manufacturing scaling [19].

e Co-Development Pathway: Strategic supply chain partnership with Bosch Mobility
Solutions for mass-market radar radome micro-heaters and fuel cell bipolar plates.



3.11 Continental AG
e  Corporate Venture Arm: Continental Corporate Venture Capital (Frankfurt,
Germany) [12, 32].
- Focus: Autonomous mobility, sensor climate protection, smart tires,
display/glass electro-thermal coatings. Ticket size: €1M to €5M.
e Non-Dilutive Grant Mechanisms:

-  German Federal Ministry for Economic Affairs and Climate Action
(BMWK) Grants: Industrial research grants for autonomous driving sensor
availability under severe weather.

e Co-Development Pathway: Pilot integration with Continental Autonomous
Mobility Business Area for all-weather radar and LiDAR window protection.

3.12 Denso Corporation
. Corporate Venture Arm: Denso International / Denso Corporate Ventures
(Kariya, Japan & San Jose, CA) [11, 33].
- Focus: Automotive thermal systems, EV power packaging, optical sensor
climate controls. Ticket size: $1M to $8M.
¢ Non-Dilutive Grant Mechanisms:
- Japanese METI / NEDO Green Innovation Fund: ¥2 Trillion ($13B+)

Japanese state fund supporting zero-emission e-mobility and advanced
thermal management materials [19].

e Co-Development Pathway: Joint engineering with Denso Thermal Management
Systems Division for heat pump radiant heaters and SiC inverter thermal spreaders.

4. Comprehensive Strategic Recommendation Matrix

The following matrix evaluates all 12 targets, establishing strategic readiness, volume
demand, recommended financial mechanisms, and actionable venture engagement
strategies:

Estimated
Primary Strategic  Volume Target Actionable
Target Application Readiness Demand Financial Venture
Company Domain & TRL (m?/year) Mechanism Recommendation
Tesla, Inc. 4680 Current High (TRL 1,000,000 Direct]DA Priority 1 JDA
Collectors, FSD  4-5) - NRE + Target: Execute
Camera/LiDAR 5,000,000  Supply roll-to-roll foil
De-Icing Agreement coating trial on
4680 battery pilot
line; pursue joint
NRE.
Toyota Fuel Cell Very High 2,000,000 Toyota Priority 1
Motor Corp. Bipolar Plates, (TRL5) - Ventures Equity/Grant

H, Tank Equity + Partner: Secure



Estimated

Primary Strategic  Volume Target Actionable
Target Application Readiness Demand Financial Venture
Company Domain & TRL (m?/year) Mechanism Recommendation
Barrier, Solid- 3,500,000 NEDO Series A lead from
State Grant Toyota Ventures;
co-apply for
NEDO fuel cell
grant.
Volkswagen CARIAD Sensor High (TRL 2,500,000 Porsche SE Tier 1 Joint
Group De-Icing, Smart 4) - VC + BMBF Venture: Pilot
Glass, PowerCo 4,000,000 Matching CARIAD sensor
Cells Grant window heaters;
apply for BMBF
battery
manufacturing
grant.
General Cruise AV High (TRL 1,500,000 GM Strategic Equity
Motors Sensor De- 4) - Ventures + Partner: Target
Icing, Ultium 2,500,000 USDOE GM Ventures
Battery TIM VTO Grant  Series B
participation;
leverage DOE VTO
50% match.
BMW Group Neue Klasse High (TRL 2,000,000 BMW i Tier 1 Fast-
Cabin Radiant  4-5) - Ventures + Track Pilot:
Heating, SiC 3,000,000 Startup Enter BMW
Inverters Garage JDA  Startup Garage to
validate radiant
heater panels in
Neue Klasse
cabin.
Hyundai HTWO Fuel Very High 2,000,000 Hyundai Priority 1 Asian
Motor Cell Plates, H,  (TRL5) - CRADLE Expansion:
Group Tanks, E-GMP 3,200,000 Equity + Partner with
Battery MOTIE Hyundai CRADLE
Heating Grant for HTWO heavy
truck fuel cell
stack protection.
BYD Blade Battery ~ Very High 5,000,000  Strategic High-Volume
Company Collectors, e- (TRL5) - Offtake + Offtake Target:
Ltd. Platform 3.0 15,000,000 BYD Capital Negotiate high-
SiC TIM Equity speed R2R

current collector



Estimated

Primary Strategic  Volume Target Actionable
Target Application Readiness Demand Financial Venture
Company Domain & TRL (m?/year) Mechanism Recommendation
license for
FinDreams
Battery.
CRRC Pantograph High (TRL 300,000- CRRC Rail Sector
Corporation Wear Strip 5) 500,000 Capital + Leader: Establish
Coatings, MOST Tech joint laboratory
Railcar SHM Grant with CRRC
Academy for
pantograph
contact strip field
trials.
Alstom SA Hydrogen High (TRL 150,000-  Europe’s European Rail
Train Fuel 4) 250,000 Rail JU Partner: Jointly
Cells/Tanks, Grant + bid under EU
Cab De-Icing Strategic Europe’s Rail JU
JDA grant for Coradia
iLint H, train
stack extended
life.
Robert Fuel Cell Very High 1,200,000  Bosch Priority Tier 1
Bosch Bipolar Plates, (TRL5) - Ventures Component
GmbH ADAS 2,000,000 (RBVC) + Partner: Secure
Radar/LiDAR IPCEI Grant RBVC investment
Heaters for mass-market
radar radome
heater supply.
Continental Autonomous High (TRL 800,000 - Continental Autonomous
AG Radar 4) 1,200,000 VC+ Systems Partner:
Radomes, German Integrate
Tire/Tank BMWK transparent CVD
Sensors Grant heaters into Level
3/4 radar radome
modules.
Denso EV Planar Very High 1,800,000 DensoVC+ Tier 1 Thermal
Corporation Thermal (TRL5) - Japanese Partner: Partner
Management, 2,500,000 METI Grant on heat pump

SiC Packaging

planar heating
elements to
capture
Toyota/Lexus EV



Estimated

Primary Strategic  Volume Target Actionable
Target Application Readiness Demand Financial Venture
Company Domain & TRL (m?/year) Mechanism Recommendation
programs.

5. Unit Economics, Capital Efficiency & Exit Pathways
5.1 R2R CVD Manufacturing Cost Scaling Curve

To achieve mass commercial adoption across automotive and rail applications, CVD
graphene film economics must follow a predictable scaling trajectory enabled by
continuous roll-to-roll (R2R) plasma-enhanced CVD equipment:

R2R CVD GRAPHENE COST TRAJECTORY ($/m~2)

$300 |------------------- * (Pilot Scale / Low Volume)
| \
$150 | \
| * (Early Commercial / Premium EV Glass)
$50 | \
$25 | \mmmmmmm e * (Automotive Mass
Adoption)
Y e e e T T T
2024 2026 2028 2030 2032

e PilotScale (2024-2025): $150-$300 / m?2. Focused on high-value niche
applications: ADAS LiDAR sensor windows, Formula E / supercar power electronics,
prototype fuel cell plates.

e Early Commercial Scale (2026-2028): $25-$50 / m?. R2R web widths reach
1,000 mm. Target applications: Premium EV smart windshield glass, autonomous
robotaxi sensor domes, commercial rail hydrogen fuel cells. Gross margins: 55-
65%.

e Mass Transportation Scale (2029+): $10-$18 / m?. R2R inline growth directly on
copper/aluminum foils or direct transfer. Target applications: Battery current
collectors across millions of EVs, mass-market radar radomes, H, tank barrier
liners. Gross margins: 40-50%.

5.2 Non-Dilutive Capital Stacking Strategy

A highly capital-efficient funding strategy combines private venture capital with matching
government non-dilutive grants: 1. Seed / Series A ($5M-$15M Venture Capital): Lead
investors (e.g., Toyota Ventures, Bosch Ventures, BMW i Ventures) provide equity capital to
construct initial 300mm-600mm R2R pilot lines. 2. Grant Matching (1:2 Non-Dilutive
Leverage): Secure $10M-$25M in non-dilutive government grants (US DOE VTO, EU Clean
Hydrogen JU, Japanese NEDO) to fund pilot line testing, ISO 26262 automotive
qualification, and field trials. 3. Series B / Corporate NRE ($20M-$50M Expansion): Tier



1 joint venture partners (Bosch, Denso, Continental) co-fund commercial-scale 1,000mm
R2R manufacturing lines via Non-Recurring Engineering (NRE) contracts and prepayments
for guaranteed volume offtake.

5.3 M&A and Strategic Exit Pathways

Expected exit horizons range from 5 to 7 years post-Series A, driven by strategic
acquisitions: * Tier 1 Automotive Integrators: Robert Bosch, Denso, Continental, or
Magna acquiring CVD scale-ups to control proprietary sensor heating or fuel cell plate
technology. * Global Chemical & Advanced Material Conglomerates: Toray Industries,
Evonik Industries, Mitsui & Co., or DuPont acquiring R2R film production capacity to
expand advanced carbon product portfolios. * Semiconductor & Capital Equipment
Giants: Applied Materials, Veeco, or AIXTRON acquiring CVD synthesis IP to supply R2R
machinery to battery and automotive glass manufacturers.

6. Key Investment Risks & Mitigation Strategies
1. Transfer-Induced Pinholes and Micro-Defects:
- Risk: Pinholes in single-layer CVD films impair zero-permeability hydrogen
gas barrier properties and lead to localized heating hot spots.
- Mitigation: Transition from monolayer transfer to multi-layer (3-5 layer)
alternating CVD growth or atomic layer deposition (ALD) hybrid passivation
overlays that seal grain boundary defects [13].
2. Prolonged Automotive OEM Qualification Timelines:
- Risk: Automotive qualification cycles (IATF 16949, ISO 26262, environmental
chamber durability tests) require 3 to 5 years, delaying commercial revenue.
- Mitigation: Focus initial commercialization on Tier 1 suppliers (Bosch,
Denso) and aftermarket sensor heating retrofit kits that have faster 12-to-18-
month qualification cycles, while executing long-term OEM platform
qualifications in parallel [11, 16].
3. Roll-to-Roll Scale-Up Equipment Bottlenecks:
- Risk: Lack of standard off-the-shelf industrial R2ZR CVD synthesis machinery
capable of 1,000mm+ web widths.
- Mitigation: Partner with specialized semiconductor and roll-to-roll coating
equipment builders (e.g., Applied Materials, Veeco) early via strategic
equipment co-development agreements.

7. Inline Citations & References
1. Ferrari, A. C, et al. (2015). Science and technology roadmap for graphene, related
two-dimensional crystals, and hybrid structures. Nanoscale, 7(11), 4598-4810.

2. European Commission Horizon Europe. (2023). Graphene Flagship Core 3 &
Industrial Spearhead Projects in E-Mobility. EU Publications Office.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Automotive Research Partners Association (EARPA). (2024). Advanced
Lightweight Materials and Thermal Management Roadmaps for Zero-Emission
Vehicles.

US Department of Energy (DOE) Vehicle Technologies Office. (2024). 2024 Annual
Merit Review: Advanced Battery and Hydrogen Materials.

Novoselov, K. S., et al. (2012). A roadmap for graphene. Nature, 490(7419), 192-200.
Market Analysis Group. (2024). Global CVD Graphene Market Sizing and Price
Trajectories in Automotive and Transit Applications. DeepTech Industry Insights.
Tesla, Inc. Patent US10892487B2. (2021). Current Collector Foils with Conductive
Surface Coatings for Lithium-Ilon Battery Cells.

Tesla, Inc. Investor Relations. (2024). 4680 Battery Cell Scaling and FSD Autonomous
Hardware Development Update.

Volkswagen Group & PowerCo SE. (2024). Unified Cell Strategy and Power
Electronics Packaging Specifications.

Robert Bosch GmbH Research & Development. (2023). Wide-Bandgap
Semiconductor Thermal Management in Next-Gen Electric Powertrains.

Denso Corporation Technical Review. (2024). Electro-Thermal Transparent Heating
Systems for Automotive Optical Sensors and Glass.

Continental AG Autonomous Mobility Division. (2024). Radar Radome All-Weather
Availability in L3/L4 Autonomous Driving Systems.

Toyota Motor Corporation & Fuel Cell Commercialization Conference of Japan
(FCCJ). (2024). Titanium Bipolar Plate Durability and Type IV Hydrogen Tank Barrier
Guidelines.

Alstom SA Technical Report. (2023). Hydrogen Fuel Cell Operations and Component
Lifetimes in Regional Passenger Trains.

BMW Group Research & Innovation Center (FIZ). (2024). Neue Klasse Radiant
Heating and Energy Conservation in Sub-Zero Climates.

SAE International / UN ECE. (2023). SAE J3016 & UN ECE Regulation 157: Automated
Lane Keeping Systems and Sensor Availability Standard.

International Rail Quality Board (IRQB). (2023). ISO/TS 22163 (IRIS) Quality
Management Systems for Railway Applications.

US Department of Energy (DOE). (2023). Bipartisan Infrastructure Law Funding for
Battery Materials Processing and Hydrogen Shot Initiatives.

European Clean Hydrogen Joint Undertaking & Japanese NEDO. (2024).
International Collaborative Frameworks for Zero-Emission Heavy Transportation.
International Energy Agency (IEA). (2024). Global EV Outlook 2024: Scaling
Infrastructure and Advanced Battery Manufacturing.

Hydrogen Council & McKinsey & Company. (2024). Hydrogen Insights 2024:
Commercial Vehicles and Fuel Cell Durability Benchmarks.

CRRC National Engineering Research Center. (2024). High-Speed Rail Pantograph
Contact Surface Wear Reduction and SHM Sensor Integration.

German Federal Ministry of Education and Research (BMBF). (2023). e-Mobility
Innovation Program: Thermal Efficiency in Future Electric Vehicles.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Toyota Ventures. (2024). Frontier and Carbon Neutrality Venture Funds Portfolio
Overview. https://www.toyota.ventures

Woven Capital. (2024). Growth-Stage Mobility and DeepTech Investment Focus.
https://www.woven.vc

PowerCo SE. (2024). Supplier Innovation and Battery Cell Raw Material Strategic
Partnerships. https://www.powerco.de

GM Ventures. (2024). Advanced Battery and Autonomous Vehicle Venture Investment
Thesis. https://www.gmventures.com

BMW i Ventures. (2024). Investment Strategy in Advanced Materials and E-Mobility
Technologies. https://www.bmwiventures.com

Hyundai CRADLE. (2024). Global Open Innovation and DeepTech Venture Portfolio.
https://www.cradleinc.com

BYD Company Ltd. (2024). Blade Battery Technology and Vertical Integration Supply
Chain Report. https://www.bydglobal.com

Robert Bosch Venture Capital GmbH (RBVC). (2024). Investment Portfolio and
Mobility Venture Focus. https://www.rbvc.com

Continental Corporate VC. (2024). Venture Capital Investment Areas in Autonomous
Mobility and Sensing. https://www.continental.com

Denso International. (2024). Open Innovation and Corporate Venture Capital
Investment Roadmap. https://www.denso.com


https://www.toyota.ventures/
https://www.woven.vc/
https://www.powerco.de/
https://www.gmventures.com/
https://www.bmwiventures.com/
https://www.cradleinc.com/
https://www.bydglobal.com/
https://www.rbvc.com/
https://www.continental.com/
https://www.denso.com/


  3 , 000 − 5 , 000  W/m ⋅ K


  > 10 ×


  30 %


  > 100  GHz


  L   H 2


  C   l −


    10  − 15  M


  > 1 , 000 W


  > 10 ×


  30 %


  3 , 000 +  W/m ⋅ K


  10 –  18 ∘ C


  2 – 5  mm


  > 5  pJ/bit


  > 100  GHz


  < 100  fJ/bit


  < 50   𝜇  m 2


  12 –  18 ∘ C


  2 . 5 ×


  L   H 2


  60 – 80 %


  < 1    g/m 2


  L   H 2


  > 1 , 000    W/cm 2


  15 – 25 %


  > 3 C


  > 90 %


  > 80 %


  p H   2 – 3


   H 2 S ,   CH 4 ,   CO 2


  < $ 2 . 00 / kg


  W V T R <  10  − 6    g/m 2 / day


   200 ∘ C , 15 , 000  psi


    10  − 15  M


  10 × – 100 ×


  30 – 40 %


  25 – 35 %


  < 1  mW


  < 5   𝜇 m


  3 , 000 +  W/m ⋅ K


  < 0 . 05 %


  𝜇 < 0 . 05


  > $ 50 B


   H 2   SO 4


  HCl


  40 %


  10 ×


  20 %


  50 %


  G F > 50 – 100


  > 90 %


  3 . 7 V


  L   H 2


  > 30 , 000  hours


  p H   2 – 3


  5  m 𝛺 ⋅   cm 2


  $ 420 , 000


  30 – 40 %


  > 100  GHz


    V  p p < 1  V


  0 . 2 – 100   𝜇 m


  3 . 05  mm


  80 % +


  10 M– 50 M


  > 100    W/cm 2


  18 –  25 ∘ C


  < 0 . 1 %


  100 %


  15 – 20 %


  >  10 10    atoms/cm 2


  <  400 ∘ C


  <  10  − 9  mbar ⋅ L/s


  > 99 . 2 %


  < 0 . 5  m/min


  $ 100 – $ 200 /  m 2


  15 – $ 25 /  m 2


  15 – $ 30 /  m 2


  > 2 . 0  m/min


  > 100


  > 90 %


  < 5 %


    I  D /   I  G < 0 . 05


  > 2 . 0  m/min


  254 k – 424 k    m 2 / yr


   m 2 / yr


  ≤ $ 35 / wafer pass


  ≤ $ 15 / package


  ≤ $ 80 / modulator chip


  ≤ $ 45 /  m 2


   m 2 / yr


   m 2 / yr


  ≤ $ 50 /  m 2


  ≤ $ 150 / test wafer


  L   H 2


   m 2 / yr


  ≤ $ 80 /  m 2


  $ 1 , 200 – $ 3 , 000 /  m 2


   m 2 / yr


  ≤ $ 300 – $ 600 /  m 2


  ≤ $ 800 / sensor wafer


   m 2 / yr


   m 2 / yr


  ≤ $ 0 . 50 – $ 1 . 00 / sensor die


  ≤ $ 30 /  m 2


   m 2 / yr


  ≤ $ 15 – $ 25 /  m 2


  ≤ $ 0 . 50 / radar radome


   m 2 / yr


  ≤ $ 10 – $ 20 /  m 2


  ≤ $ 25 / ton eq.


   m 2 / yr


  ≤ $ 15 – $ 25 /  m 2


  ≤ $ 0 . 25 / acoustic driver


   m 2 / yr


  ≤ $ 2 . 50 – $ 5 . 00 /  m 2


  ≤ $ 20 /  m 2


  ≤ $ 50 – $ 100 /  m 2


   m 2 / yr


  ≤ $ 50 – $ 100 /  m 2


  ≤ $ 350 / sensor wafer


   m 2 / yr


  ≤ $ 25 – $ 45 /  m 2


  ≤ $ 0 . 25 / gas sensor die


   m 2 / yr


  ≤ $ 0 . 10 – $ 0 . 25 / diagnostic die


  ≤ $ 12 / BCI array


   m 2 / yr


  ≤ $ 20 – $ 40 /  m 2


  ≤ $ 1 . 50 / valve trim


   m 2 / yr


  ≤ $ 180 – $ 300 /  m 2


  ≤ $ 15 / jacket patch


  ≤ $ 15 / jacket patch


   m 2 / yr


  ≤ $ 20 – $ 50 /  m 2


  ≤ $ 35 / hydrophone die


   m 2 / yr


  ≤ $ 350 – $ 600 / photonic wafer


  ≤ $ 15 / laser optic


  $ 50 – $ 200 / TEM grid pack


  80 % +


   m 2 / yr


  $ 800 – $ 1 , 800 / wafer


  $ 300 – $ 600 /  m 2


   m 2 / yr


  $ 1 , 000 – $ 2 , 000 /  m 2


  > 70 %


   m 2 / yr


  ≤ $ 10 – $ 18 /  m 2


  ≤ $ 15 – $ 25 /  m 2


  L   H 2


  →


  450  ( 2030 ) │ ├ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ┼ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ┤ │ T h e r m a l F i l m (


  L   H 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


  /   m 2


    m 2


    m 2


    m 2


    m 2


  M ) T A M (


    m 2


    m 2


  ) 300 m m W a f e r C o s t (


  > 70 %


    m 2


    m 2


  0 . 03    m 2 / unit = 7 , 500    m 2 / yr


  > 90 %


  0 . 02 – 0 . 025    m 2 / garment = 17 , 500    m 2 / yr


  > 50


  0 . 005 – 0 . 01    m 2 / device = 7 , 500    m 2 / yr


  0 . 008 – 0 . 08    m 2 / unit = 10 , 600    m 2 / yr


  120 –  180 ∘ C


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


  > 50


    m 2


    m 2


    m 2


    m 2


    m 2


  > 10 , 000   g


  < 500 /  m 2


  50 , 000    m 2 / year


  8 x– 12 x


  300 /   m 2


  25 /   m 2


  >  10 6  S/m


  > 3 C


  3 , 000 − 5 , 000  W/m ⋅ K


  > 97 %


  0 . 2 − 1 . 5    W/cm 2


  p H   2 − 3


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    m 2


    H 2


  350 +  km/h


    m 2


    m 2


    m 2


    m 2


    H 2


    H 2


    H 2


    m 2


    m 2


    m 2


    H 2

