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DAMNANG OPTICAL INVESTMENT MAP 1.0

DISSECTING THE FULL STRUCTURE OF OPTICAL INVESTING

Layer 7: TEST & QUALIFICATION

Layer 6: PHOTONIC PACKAGING,
OPTICAL ENGINE & MODULE

Layer 1: MATE SUBSTRATES
PROCESS EQUIPMENT

These days the market is drowning in words like optical, silicon photonics, and CPO. But most
investors know the keywords without actually seeing the full picture of the value chain behind
them.

WA M ERFECBE". "N "CPO"EHA , BZHIRRERMME , MBERNEEET
BRI,

Some people look at Coherent and Lumentum and think they understand optics. Others hear
CPO is the future and go hunting for related stocks. But optics is not a theme that ends at a
handful of laser names. It is a value chain that tangles together materials, photonic devices,
connectivity ICs, PIC platforms, foundries, packaging, modules, and test. Which layer you look
at completely changes the risk profile and the return structure.

B AFEZ| Coherent M Lumentum FERLAIER T R , 8 ANTE CPO RERFKMIEE
MREER. EXRFEIMUELRBE W HAERENER , MEEMEL K. EES
F.AFERRRTFE. R #E EREMEEARTRRMARNERE. WRKZERR
@, KEFFESEREAE EARE.

This piece is a map built to show that whole picture in one shot.

FIHEPEYE EELRASTX—TEER.

I've split the optical value chain into seven layers, overlaid the architecture evolution axis (FRO,
LRO, LPO, NPO, CPO), and organized each company by where it sits in that structure.
PR G FMERERID AEANER BT EMiEIEHZ (FRO, LRO, LPO, NPO,
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CPO) , FiRIER AT FELMF R B TIE,

This time I’'m going one step further.
XRFKEFH—,

Over the past twelve months, optical-related stocks have run anywhere from +200% to
+1,700%. Readers keep asking the same things.
BETIARE | YFM R RKIEM+200%E+1,700% A%, 1EE (R ERRERFHRIE,

Is it too late to get in?

WENZEFR AT RIS 2

What should | be watching?
KA RFTA?

I’'m answering those questions head-on in a paid-subscriber section that covers cycle
diagnosis, the next five years’ game-changers, and a scoring matrix that rates 22 names
across 9 factors. The scoring methodology is fully disclosed, so you can re-weight it yourself.
FREMTITREETZNEEXLEA , NEEREFRISE, RRAFETLEEER , UER—1
T O WHEARXT 22 KARHTIEN W, WRRETLAT , BT BITRENE,

This map isn’t going to be perfect. | might miss names or layers worth adding. If you spot
something while reading, drop it in the comments and I'll update as | go.

X EMEFAETT TR, KAReRIR T ERMARNLAR AR, EEEfTIRTERK
W, WDIEIFRXEB S |, REFEERTE.

Disclaimer $%35/=EH

This article is personal analysis, not investment advice. The author is not a licensed financial
advisor, and any mention of specific securities should not be read as a buy or sell
recommendation. The author may hold positions in some of the securities discussed and may
change those positions without notice.

EIXARAPASHT , THIRIR BN, (EEHIEFFHE AR , X FIE R BT R KU A
RAKZLHTE, (EZFREIBITCHIES UK, HRJBEFET FITIEFEIEN FIHEIFE.

Market size estimates, 52-week returns, and financial figures are drawn from research firms
and public disclosures, and may differ from actual values. Sections marked as personal
speculation, along with forward-looking statements about product roadmaps, potential
acquisitions, and competitive dynamics, carry inherent uncertainty. Past performance does not
guarantee future results, and every security discussed carries the risk of loss of principal.
TGRS, 52 BEIIRE KI5 45| B IR E S L TF 158 , ARESSKr#E
FHEER BEATANBEUNNET , IR KTt SR, E T /525 8 Z I aiE g
KRB BB HENME. TERYATUREFRLER , BT HIS i 57 A S A X

Investment decisions should be made independently based on your own financial situation and
risk tolerance. Any gains or losses from investments made based on this article are solely your
responsibility. This article is current as of April 17, 2026, and its contents may become outdated
quickly as conditions change.
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R RRR BTG5 K IRRSR A ZEESI LML, KIFARSCH TR BT ERE T
BEIRFHBEE TR, KXNBHZE 2026 G£4 F 17 HEH , EERZTW , RNE 6
RFILHS,

The 7-Layer Value Chain CE#MEE

L7 TEST & Optical Test - IC ar Test - Burn-in
QUALIFICATION Keysight - Teradyne - Advantest - FormFactor - Aehr Test - Viavi - Cohu
| ) AEHR TEST

LGA ENGINE & Coherent - Lumentum - AAOI - Fabrinet - Innolight - Eoptolink - Ciena | g o

MODULE Sumitomo Electric - Nokia - POET - Marvell - Credo - Cisco = AERREINASDAD

e ' LUMENTUM
. NASDAQ

‘ L6 B INFRA Corning - Sumitomo Electric - Prysmian - Amphenol - TE Connectivity - Fujikura L EE MR

e — FUJIKURA

 E— 5803 - TSE

TRANSPORT Ciena - Nokia - Cisco
LeC |
-— _ B\ CIEN - NASDAQ

PLATFORM Tower Semi - GlobalFoundries - UMC - TSMC (SiPh COUPE, SoIC) : QCi TOWER SEMI

{ L FOUNDRY & PROCESS SiPh Foundry - TFLN Foundry - Manufacturing
. TSEM - NASDAQ

POET - Marvell - Credo : Astera Labs - Cisco - Nokia - QCi g Innolight - Eoptolink

PIC
L4 PLATFORM & IE Ayar Labs* - Lightmatter* - HyperLight*

‘. L ELECTRO-OPTICAL L TIA - Driver - DSP - SerDes - Retimer

b [ Platform : IP - System Enablement

CONNECTIVITY IC MACOM - Semtech - Marvell - Credo - Astera Labs - Cisco - MaxLinear & CRDO - NASDAQ

Lumentum - Coherent - nLIGHT - Sivers - IPG Photonics - s LUMENTUM

Ii‘ ﬂ 2A Laser Sources - 2B Modulators - 2C Photi

ACTIVE
. L2 rioroncoevices Sumitomo Electric - AAOI - Aeluma - MACOM - Semtech - LWLG | & LITE - NASDAQ

o~
. MATERIALS, ] InP Substrate - III-V Epitaxy - MOCVD - SOI Wafer - Next-Gen Materials XT
| L1 SUBSTRATES Soitec - AXT - Sumitomo Electric - IQE - Aeluma - Aixtron - Coherent RElN ™ 2
3 & EQUIPMENT 4 Lumentum - AAOI - Nokia - IPG Photonics - Sivers - Yuanjie : nLIGHT - LWLG ' XTI - NASDAQ

All 52-week returns in the tables below are estimates versus one year ago as of April 17, 2026.

LUFZtet BT 52 FEIFRFH AEE 2026 4F 4 A 17 HAFR T —FHIHIEE .

Layer 1: Materials, Substrates & Process Equipment

F—F M8, ERESTIZEE

The raw materials for optical devices, plus the core equipment that processes them.

SRR, AR TIX LR EIA% DR &

InP / 111V Epitaxy / MOCVD.
BHLER 1 11V FRSNE | & BBV F IR,

The raw-material family for laser chips. Epitaxial films are grown on InP substrates to build
laser wafers. Three things are involved: substrate manufacturing, epi growth, and MOCVD
equipment.

BTSRRI IE. 1E InP 3R EARKINMEFRDSIERERER., SR=/1"7H : #1KH)
. SMEAEKF MOCVD #4%.

SOl Wafer. SOI gaH.
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The substrate for silicon photonics (SiPh). Every time SiPh foundry capacity expands, SOI
wafer demand scales alongside it.

T3 (SiPh) BFTIR. &k SiPh I =REP 3K , SOI RRIFTRIWMEZIBK.

Next-Gen Modulator Materials.

T—RAEBIRMR

TFLN and EO polymer. Both offer higher modulation efficiency than silicon MZM but are still
early and unvalidated at volume. TFLN is starting to see volume production in China (Liobate,
AFR, and others).

TFLN 5 EO &%), MEMIRMEILAEE MZM BESHESIEER |, BENLTEIME |, M%k
SCITAARAEUE. TFLN £ ECFFAMAR AT (Liobate, AFR ZFdbilk)

TFLN-based PIC designers and foundries (QCi, HyperLight) are covered in L4 and L5.
ET TFLN i PIC it BRI (QCi. Hyperlight) 7£ L4 1 L5 ERPEiEE.

This layer is won on supply bottleneck and manufacturing difficulty. It is the first layer to reflect
the early capex cycle of the Al optical buiIdout

—EHRRFRBEETHMRSMGEEE. ERENRIR Al CFREFEMRASH FHNE
K.

DAMNANG INVESTMENT
Semicond or & Al Infrastructure Research

Layer 1 — Materials, Substrates & Process Equipment
Supply Bottleneck + Process Entry Barrier Plays

Company | Ticker | Role 52W Return
Soitec [SOI / SLOIF] SOI wafer dominant supplier +88%
AXT [AXTI] InP/GaAs bulk substrate +6,837%
Sumitomo Electric [5802.T] InP/GaAs/GaN substrates, global leader +71%
IQE [IQE] III-V epitaxial wafer supplier +393%
Aeluma [ALMU] III-V-on-silicon 12-inch wafer +138%
Aixtron [AIXA] MOCVD equipment, InP leader +341%
Coherent [COHR] InP epitaxy/fab integrated, 6-inch platform | +562%
Lumentum [SEnE] Greensboro NC InP fab acquired, 2028 ramp +1,685%
AAOI [AAOI] In-house MBE/MOCVD epitaxy, Sugar Land TX | +1,486%
Nokia [NOKI ~ Infinera InP fab + Aixtron MOCVD, 6-inch | +103%
IPG Photonics [IPGP] In-house GaAs fab + fiber preform +141%
Sivers [SIVE.ST] In-house InP100 4-inch fab, Glasgow +224%
Yuanjie [688498.55] In-house MOCVD epitaxy, IDM, China ~+900%
nLIGHT [LASR] In-house GaAs fab + fiber

Lightwave Logic [LWLG] EO polymer, pre-revenue

Source: Company filings, industry checks | Damnang Investment Research | 2026-04-17

Layer 2: Active Photonic Devices

SR R

The pure photonic-device layer. The things that create light (lasers), modulate light
(modulators), and detect light (photodetectors).

ACTARMR. BIEFAEX (BOGER) | BHE GRBIER) FIHERINYE OERERINZS) m2sftt.
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2A Laser Sources. 2A E5¢H¢E.

DFB, EML, VCSEL, CW lasers. The single most important bottleneck in the whole value chain.
AR, BIRBOASRIEEES. EERREAS IR, ELURROLES. XER/ERE
th R RBERIR SR

Industry checks say 200G/lane EML supply is tight, and CPO brings another wave of demand
for external light source (ELS) CW lasers.

ITVRBTE IR , 200G/1E B KRR BOAHIROEIFHN E5K |, MAF R EFRANSNE SEIRAIZES
BRI HK,

Japanese majors like Sumitomo Electric and Mitsubishi Electric also supply EMLs, but those
are business units inside conglomerates and hard to classify as pure plays.

AFRBESM =2 F AR KRBV EHVEIRBOAGISGRS | (BXEVSRBETERANES , ¥
BLURZE Aanh Sk,

2B Modulators. The device that rides data onto light. Silicon MZM is mainstream. TFLN and
EO polymer are the challengers. Most of them get integrated into PICs (L4) or modules (L6), so
very few trade as standalone names. LWLG’s EO polymer (L1) also hits this layer as a
modulator material. Chinese TFLN modulator makers like Liobate and AFR have started
volume production, but they are still early and mostly private.

2B @5, BHIEMBEDE LIRS, FEDH-EBE/RATIEREEN  GREREMBNXRE
WrAGIEE R E. ENRSEERZNFESERE BENE) SR (BXE) &, Atk
ERMNL =503 5. LWLG MEAREY (B—2) EARGISMRISRX—ER. TEAE
RERRRSPIAHIZS HIERI AN Liobate A1 AFR B4 &~ , (BMLTEMME A S A LHAF].,

2C Photodetectors. The device that converts light back into an electrical signal. Aimost all of
them sit inside PICs, so there are no meaningful standalone names.

2C M. BAHE®EIBEESHRE. ENJITFHBNE T FERBET , AiXERER
EE- 3B 40 AR

This layer has the deepest technical moat. For lasers in particular, the supplier pool is narrow
enough that pricing power moves directly with the supply-demand balance.
X—ERRARIRERRARIFIN ., TR IUS , SN EREBHE , EMINEERES
FHTIAE.
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DAMNANG INVESTMENT
Semiconductor & Al Infrastructure Research

Layer 2 — Active Photonic Devices

Laser - Modulator - Photodetector — Deepest Technical Moat in the Value Chain

Company | Ticker Device Focus 52W Return
Lumentum [LITE] 2A: 200G EML leader, CW laser, NVIDIA $2B +1,685%

Coherent |[COHR] | 2A: CW/VCSEL/pump + PD, 2B: SPhMZM +562%
nLIGHT | [LASR] 2A: High-power laser, GaAs fab integrated
Sivers | [SIVE.ST] | 2A:InP DFB, CPO ELS + LiDAR +224%
IPG Photonics [IPGP] ‘2A: Fiber laser #1, GaAs fab integrated +141% |
Yuanjie [688498.5S] | 2A: EML/DFB laser chip IDM, global #6 ~+900%

QD Laser [6613.T] 2A: Quantum dot laser, SiPh CW source +364%

Sumitomo Electric | [5802.T] 2A: Laser + PD, substrate vertical +71%

AAOI | [AAOI] 2A: In-house InP laser chip, module integrated +1,486%
Aeluma [ALMU] 2C: InGaAs SWIR PD + QD laser +138%
MACOM | [MTSI]  |2A:In-house InP DFB/FP + MZ modulator (EFT) +190%

Semtech [SMTC] 2A: InP gain chip + DFB (HieFo 2026.03) +343%
Lightwave Logic | [LWLG] 2B: EO polymer modulator

Source: Company filings, industry checks | Damnang Investment Research | 2026-04-17

Layer 3: Electro-Optical Connectivity IC
F=E : YRS AR

Electrical semiconductors that bridge the photonic devices (L2) and the digital system. TIAs,
modulator drivers, DSPs, SerDes, and retimers all live here.

EEFHRYE (B2R) SRFAENBR ALK, BIEMKS. bR, BEESAE
75, PITE/MER R UK E R IR E T I ERE.

These sit inside optical modules, but fundamentally they handle electrical signals, not light.

XEAB A TR INED | (ENA R LA ERESMARES.

The faster the line rate, the harder this IC becomes.
SRR |, XFOS A BEER RS .

Going from 400G to 800G to 1.6T, analog performance requirements explode, and the list of
companies that can actually build these chips is short.

You can swap module vendors and still end up with the same company’s IC inside.
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DAMNANG INVESTMENT

Semiconductor & Al Infrastructure Research

Layer 3 — Electro-Optical Connectivity IC

TIA - Driver - DSP - SerDes - Retimer — Platform Power + Architecture Transition Leverage

MACOM TIA, modulator driver, analog IC, L2 laser integrated -
TIA/driver, NVIDIA 1.6T supplier, 448G/lane IC

SerDes + DSP, DustPhotonics acquisition ($750M+) +361%
Acacia Kibo 1.6T PAM4 DSP, coherent DSP +59%

Source: Company filings, industry checks | Damnang Investment Research | 2026-04-17

Layer 4: PIC Platform & IP

This is not just PIC design. It is the platform layer that includes optical integration IP, coupling
technology, photonic fabric, and other forms of system-level photonics enablement.

The core story here is the M&A war.
Marvell bought Celestial Al.

Credo bought DustPhotonics.
Astera Labs bought aiXscale.

AMD bought Enosemi.

All'in 2025-2026. The pure-play optical PIC names that have not been acquired yet could be
the next targets.

There are not many public pure plays in this layer, so the right lens right now is M&A premium.

Private chokepoints: Ayar Labs, Lightmatter, HyperLight, nEye Systems. The IPOs or
acquisitions of these companies will be the catalysts for the listed names.
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DAMNANG INVESTMENT

Semiconductor & Al Infrastructure Research

Layer 4 — PIC Platform & IP
M&A Warzone — Marvell, Credo, Astera, AMD All Made Moves in 2025-2026
Company ‘ Ticker | PIC Platform 52W Return

POET Technologies Optical Interposer, passive alignment, Foxconn partner +95%
Marvell Celestial Al ~$3.25B (up to $5.5B), Photonic Fabric +183%
Credo Technology DustPhotonics SiPho PIC +361%
Astera Labs aiXscale fiber-chip coupling +220%

Cisco Luxtera SiPho + Acacia PIC integration +59%

Nokia ICE-D monolithic InP PIC (DFB+MZM+EAM+PD), 3.2Tb/s | +103%
QCi Proprietary 3.2Tbps TFLN PIC, POET co-dev +63%
Innolight In-house SiPh design (2025.09 production), Tower fab +948%

Eoptolink Alpine acquisition, SiPh optical encine desion 9713%
UNLISTED CHOKEPOINTS: Ayar Labs - Lightmatter - HyperLight - nEye Syste!
— IPO or acquisition of these names i catalyst for the listed companies aboVe

Source: Con

Layer 5: Foundry & Process Platform

The manufacturing layer that takes PIC and photonic-device wafer production on contract. SiPh
demand has surged to the point where capacity has become the bottleneck.

BRI ARG HRRARHIER. EEHEREE | FRES SO,

Tower Semiconductor is the main supplier. GlobalFoundries and UMC are pushing in.
Tower Semiconductor 2 FEMNV ., GlobalFoundries 1 UMC 1Ef£EFR#k % H.

TSMC also offers a SiPh COUPE platform and SolC advanced packaging for CPO, but its
revenue share is tiny relative to the total company, so it is hard to treat as a pure photonics
play.

AFRERMIR AT COUPE FFAFATF CPO i) SolC St , (BEEEWRE AT 285K
AIEE BT H A, RIARMER AL Al b 55

Samsung Foundry is also developing SiPh processes, a variable that could reshape the
competitive landscape of this layer down the road.

ZERRARTI AEFAENFLE  X—FERKABEEBARARENTFERE.

On the specialty side, QCi operates the first U.S. TFLN-only foundry, in Tempe AZ.
ERveus , QCI T FEBMBEMTEZEEXE T RNT T T EERRENRE .

The company that puts capex in first locks in customers. Strategic value is high enough that
foundries are suing each other over patents.

RERNEARZIH AR BEBHER F. HARNMEZS , RRLUEAT @EEHESHE LR
-\l')-:’FVAO
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DAMNANG INVESTMENT | Semiconductor & Al Infrastructure Research

Layer 5 — Foundry & Process Platform
Capex-First Lock-In Game — Patent Litigation Signals Strategic Value

Company | Ticker Foundry Role 52W Return

ggm?rr:onductor w SiPh primary foundry, $920M capex, 5x expansion +542%

GlobalFoundries m AMF acquisition, SiPh revenue 2x projection +75%

UMC m imec iSiPP300 license, SiPh new entrant +74%

QCi m TFLN specialty foundry, Tempe AZ fab (2025.050pen) = +63%

TSMC SiPh COUPE + SolC packaging exists but small vs. total revenue | Samsung Foundry in development — future variable

Source: Company filings, industry checks | Damnang investment Research | 21

Layer 6: Photonic Packaging, Optical Engine & Module

The layer that packages and assembles PIC die into final form. This is the highest-revenue-
volume layer in the chain, and at the same time, architecture-transition positioning here will
decide the next two to three years of returns.

BT RIS A H AR R A TE ST . X\ EWIARR KT |, BN, B
At A ER AL BYTE (R R RE RSN R = R A E 1)

Layer 6-A: Optical Engine & Module
FENE-A - K| EEHER

Within this sub-layer, architecture is evolving, and that evolution is also the investment
timeline.

FEX—FET , BPMIEERS , X R AR T IR NI EL,

FRO (Fully Retimed Optics). Transceivers with integrated DSP plus retimer. Most optical
module revenue right now comes out of this architecture.

FRO (£EEIYF2F) . S/ DSP MEE MW AR . BRTRZHIAEHBNKIFETX
FRLER

LRO (Linear Retimed Optics). Retiming kept, DSP replaced with a linear driver. The middle
step between FRO and LPO.

LRO (ZMEEREFEM) . REEENTRE , AAMIREEEA DSP, X& FRO # LPO
Z [Bfh B IR,

LPO (Linear Pluggable Optics). Retimer removed entirely. 30-50% power savings. L3 analog
IC performance determines the module’s overall behavior.

LPO (ZMAlRiRIEF25F) o TTRBHREREN. I3 30-50%HTNFE, L3 RN AFRIEK
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NPO (Near-Packaged Optics). Optical engine placed on the switch board but still in a
separate package.

NPO (EHEEF) . JSIEREEZTHBAR L , BT RS,

CPO (Co-Packaged Optics). Optical engine 3D-bonded into the same package as the ASIC.

Important, but right now this is a section where option value comes before revenue.

CPO (HHFFIME) . ¥EIEE ASIC Z4BEEHIRAER—EP, XREE , BEHITX
qﬁi&m&\ﬂ:ﬁﬂﬂ%ﬁﬁ:%ﬂlxh WEIBTER .

‘DAMNANG INVESTMENT’ / Semiconductor & Al Infrastructure Research

Layer 6-A — Optical Engine & Module

Largest Revenue Volume + Architecture Transition Defines 2-3yr Returns
FRO (today) = LRO - LPO (2026-27) = NPO = CPO (2028-30)

Company Ticker Architecture 52W Return
Coherent Ticker chip: FRO/LRO/LPO/CPO, vertically integrated +562%
Lumentum Ticker chip: FRO/LRO/LPO + CPO(ELS), integrated +1,685%
AAOI Ticker chip: FRO + LPO, in-house InP laser, US manufacturing +1,486%
Fabrinet Ticker chip: FRO EMS, architecture-agnostic manufacturing +300%
Innolight Ticker chip: FRO/LPO, China #1, largest NVIDIA supplier +948%
Eoptolink Ticker chip: FRO/LPO, ~20% NVIDIA 800G LPO share +913%
Sumitomo Electric  Ticker chip: FRO, Japan optical flagship +71%
Nokia Ticker chip: ICE-D 3.2Tb/s intra-DC, monolithic InP PIC +103%
POET Technologies  Ticker chip: Optical engine platform, CPO enabler +95%
Ciena Ticker chip: NPO/CPO boundary, Vesta 200 6.4T CPX +777%
VETRZ Ticker chip: CPO, Photonic Fabric +183%
Credo Technology  Ticker chip: CPO/NPO, DustPhotonics SiPho, 3.2T roadmap +361%
Cisco Ticker chip: 800G/1.6T ZR pluggable, Acacia coherent +59% -

Source: Company filings, industry checks | Damnang Investment Research | 2026-04-17

Layer 6-B: Deployment Infrastructure

SENE-B : HFBEMIRGE

The physical path light actually travels through. Optical fiber, cable, connectors. Whether the
architecture is FRO or CPO, every transceiver shipped ships with fiber and connectors
alongside. Architecture-agnostic beneficiaries.

HAESKIRMERNPIRIRIZ. ﬁ‘l’:ﬂ Y4, EERS. TORLEME FRO B2 CPO , SAH AL
RERED VMR PEIE SCET SR AZLEMFN S 28T
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DAMNANG INVESTMENT [/ Semiconductor & AI Infrastructure Research

Layer 6-B — Deployment Infrastructure
Fiber - Cable - Connector — Architecture-Agnostic Volume Beneficiary

Company Ticker Infrastructure Role 52W Return

Corning LM Optical fiber #1, ~10% global share +304%

Sumitomo Electric Optical fiber global Top-3, L1/L2/L6A integrated

Prysmian Global #1 cable, General Cable/Encore Wire M&A +184%
Amphenol Optical connectors + cable, CommScope CCS $10.5B +138%
TE Connectivity OSFP connector

Fujikura Optical fiber + fusion splicer, Japan +748%

—
Source: Company filings, industry checks | Damnang Investment Research | 2026-04-17

Layer 6-C: Optical Transport Systems
FNE-C : HEHARS

Long-haul data-center interconnect (DCI) and telecom metro network equipment. Different
economics than deployment infra.

KERBIRROEE (DCI) MR EMEMES. HEFHRSHEEMBIRA,

DAMNANG INVESTMENT | Semiconductor & Al Infrastructure Research

Layer 6-C — Optical Transport Systems

DCI + Metro Telecom — Different Economics from Deployment Infrastructure

[ C I E N ] Ciena Wavelogic coherent  52W Return
transport, DCI + metro
Nokia Infinera acquisition, 52W Return
coherent transport, 800G ZR+

Cisco | Acacia coherent + Silicon |
One, 800G ZR, IP+optical

)4
Source: Company filings, industry checks Damnang Investment Research | 2026-04-17

Layer 7: Test & Qualification
FLE : M SIAE
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The layer that validates performance at every step: devices, modules, and systems. Test
complexity ramps sharply with line rate. In the CPO era, wafer-level test and burn-in become
even more important.

WUFG—HMHRENER - 28, BRIRMARLZ. WS RERAKERZE| LT, 7£ CPO K,
raRZMAMZ AT EAEE,

Whichever architecture wins, whichever transceiver company wins, the test gear is
unavoidable. A structure that rides market growth without taking on technology risk.

TR IR | TIPSR AT 4L , MR EH RN TGN, X2 —FRIAER T
R, XIHAIBIAR NG KL,

DAMNANG INVESTMENT
Semiconductor & Al Infrastructure Research

Layer 7 — Test & Qualification
Picks-and-Shovels Play — Rides Every Architecture Without Betting on One

Company Test Segment 52W Return

Keysight [KEYS] Optical test leader, 1.6T validation +154%
Teradyne [TER] ATE top-tier, optical IC test +445%

Advantest [ATEYY / 6857] ATE top-tier, HBM to optical IC expansion  +374%

Viavi [VIAV] Optical coating/filter + network test +356%
FormFactor [FORM] Production-ready SiPh wafer test cell +449%
Aehr Test [AEHR] SiPh WLBI wins (2026.03 announcement) | = +954%
Cohu [COHU] Semiconductor test handler +189%

Source: Company filings, industry checks \ Damnang Investment Research | 2026-04-17

Vertical Integration Cross-Reference

EHRAXNSE

This section collects the companies that span two or more layers.

ATICETHEMAN S ML ERRAE].

Vertical integration is a structural-moat indicator. Tying multiple layers inside a single company
reduces upstream supply risk, stacks margins across layers, and deepens customer lock-in.
EHEEGEEMMEFIRITHIER. B2 AN RETR—WRER , RERK_ LRt X, &
BEANFIEIRUE PRV

That said, vertical-integration depth does not automatically translate into stock
performance. In the current cycle, it's actually the opposite in places. I'll come back to that at
the end of the section.

BEEEEGNREFAERFRT RN R, EL00EANT , FEGUSEEZZNERESSE. KB
EXRTREBEER,
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Vertical Intégratlon ross the Photonics Stack

22 companies - layer footprint - 52-week performance

L1
NY MATERIALS

Sumitomo Electric [ ]
Nokia @
Cisco

J Coherent @

J Lumentum @

§ AnoI @

§ Credo

§ Marvell

L Astera Labs

§ POET

¢ Innolight

§ Eoptolink

§ Qci

|| Ciena

] MACOM

[ semtech

§ LWLG

§ IPG Photonics

§ sivers

! Yuanjie
nLIGHT

| Aeluma

00000OGS
NNMNNNNNWW®W

NNNMNNNNNN

Positions count the dots in the matrix.

L6 gets counted as separate positions because the sub-layers (6A/6B/6C) are genuinely
different businesses.

Directions of Vertical Integration

Vertical integration splits into several directions.

Upstream integration (L1 or L2 — L6).
LiFEE (L18L2 - L6) ,

Starting from L1 materials or L2 devices and reaching down to L6 modules. Coherent,
Lumentum, AAOI, and Sumitomo are the archetypes. Most are decades-old optical-
communications natives.

Downstream integration (L3 — L4 — L6).

Starting from L3 ICs and expanding into L4 PIC and L6 modules through M&A. Cisco, Credo,
and Marvell fit this. All relatively recent arrivals in optical communications.

Materials-devices integration (L1 + L2).

MR SRFER (L1+12)

The two core upstream layers only. IPG, Sivers, Yuanjie, nLIGHT, Aeluma, LWLG. The common
thread is owning their own wafer fab.

RBEETMOLEHRER. PG, Sivers, JBZR. nLIGHT, Aeluma, LWLG, fESETHEE
SRR
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IC-laser integration (L2 + L3).
SRR SHESRER (L2+1L3) .

Analog IC companies that also own their own laser chip. MACOM and Semtech. A real
differentiator in today’s EML shortage.

FIB B SHOLE F RSN R /AT] . MACOM F1 Semtech, #£4#7 EML sEERT |
XE—NEENESIME.

Middle integration (L4 + L6).
PR (L4 +L6)

PIC design and module manufacturing bundled together. POET, Innolight, Eoptolink. Fab-lite

plus in-house PIC design.
PIC T S1ERGIEHEE, POET. Innolight, Eoptolink, %d&a[&E/ NAHED PIC it

Specialty integration. EJMV& K.

QCi (L4 + L5, own PIC plus TFLN foundry). Ciena (L6-A + L6-C, engine plus transport).
QCi (L4 +L5, BE PIC in TFLN{{IL) , Ciena (L6-A+ L6-C , 5|ZmM{%H) .

What we’ve done up to this point is the structural map of the optical value chain. 50 names,
which layer they play in, which role they play, and how 22 vertically integrated companies
connect across the map. But what investors actually want to know isn’t the map. It's what
comes next.

BEBAT , EKNFTTTRRENEF P EEREMERE ., 50 KW , BENILKESR. HIENFA
&, MR 22 REERA WA KEREP IS, BIRFEETAAMEMHIERREA
5, MRETFRKER,

e The sector is already up more than +1,000%. Is it still investable?

SHBRIKIEEE 1000% , BENAREYE ?

e Which inning is this cycle in? Will this turn into the 2001 dotcom optical crash?

LT R TR ER ? XATHAT AR 2001 4 E BXMIRET HARYE =0 AT 2

 Beyond the names already visible, who leads the next five years?

T ERLLZEKNEN , RRFEEREES| N ?

22 Companies in Detail 22 ZR/\5)¥f#

Walking through the 22 companies in the vertical integration matrix in order of integration
depth. 4-position down to 3-position down to 2-position, then the special cases that fall outside
the standard patterns at the end. Within the same depth, companies are grouped by integration
direction (upstream vs downstream).

4-Position: Optical divisions inside large caps
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Sumitomo, Nokia, and Cisco are all large caps with another core business that reached the
deepest integration in optical. Structural moat is the largest, but photonics share is small, which
means all three carry conglomerate discount.

Sumitomo Electric has the deepest vertical integration in the industry. Global leader in
InP/GaAs/GaN compound semiconductor substrates (L1), in-house laser and photodetector
(L2), optical transceiver modules (L6-A), and top-3 global optical fiber (L6-B). The parent,
however, is a Japanese electrical conglomerate, and automotive wire harnesses account for
more than half of revenue. Photonics is a minority division, which makes the pure-play
approach hard.

Nokia runs depth comparable to Sumitomo’s. The Infinera acquisition ($2.3B, closed Feb
2025) brought in the Sunnyvale InP wafer fab (L1), which is now expanding to 6-inch InP with
an Aixtron G10-AsP MOCVD. Out of that fab, Nokia designs and manufactures the ICE-D
monolithic InP PIC (L4), which integrates DFB laser, MZM, EAM, and photodiode onto a single
chip. ICE-D is productized as the 3.2Tb/s intra-DC module (L6-A), and Wavelogic-based
coherent transport (L6-C) ships separately as telecom gear. Nokia emphasizes its positioning
as “the only vertically integrated Western optical vendor.”

Cisco has similar vertical depth. The Acacia acquisition brought L3 (Kibo 1.6T DSP, coherent
DSP) and L4 (Acacia SiPho PIC), and the Luxtera acquisition added another L4 SiPh platform.
At L6-A, Cisco supplies 800G/1.6T ZR pluggables to hyperscalers. At L6-C, it sells Silicon One-
based optical transport gear. Cisco is also an enterprise networking conglomerate, which keeps
the optical share small.
ERASLMMETRESRE. W Acacia Wk T L3 (Kibo 1.6T DSP, 18T DSP) # L4
(Acacia iE)t PIC) K , YA Luxtera MPEMNT Z— L4 2T &, £ L6-A Zm , BEF
)8 AHAE R RS (M. 800G/1.6T ZR AJHfIkE R, 7£ L6-C 2l , BASEET Silicon One
RIS . BRRNESWMEEK , XEFEFHEF WSS RN,

3-Position Upstream: Optical Communications Natives

Coherent, Lumentum, and AAQOI are decades-old optical-communications natives, all sharing
the L1+L2+L6-A pattern. This group captured +560% to +1,685% returns in the current cycle.

Coherent runs InP wafer fabs in two locations: Sherman, Texas and Jarfalla, Sweden. In 2024
it became the first in the world to secure a 6-inch InP wafer platform, and it received CHIPS Act
support. 60 years of focus on a single field, lasers, gives it the deepest IP portfolio in the group.

Lumentum is moving the same direction. In March 2026, it acquired Qorvo’s Greensboro,
North Carolina fab for $18M and announced plans to manufacture 6-inch InP wafers in-house,
targeted at CW laser and ultra-high-power laser applications with NVIDIA as a customer.
Production ramp is expected in mid-2028. On 200G EML it holds what'’s effectively a near-
monopoly supply position.
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AAOI has a different structure from Innolight and Eoptolink. Those two are fab-lite, sourcing
external InP lasers and assembling modules. AAOI runs its own MBE/MOCVD epitaxy fab
(Sugar Land, Texas) and builds InP laser chips in-house. Most of the industry uses MOCVD
only, but AAOI has a proprietary MBE process. Its U.S.-based production footprint is also a
differentiator on policy risk.

3-Position Downstream: From IC to Optical

Credo and Marvell were originally IC companies (L3) that expanded through M&A into L4 PIC
and L6-A modules. Downstream pattern. Astera Labs is following the same path but hasn’t
reached L6 yet.

Credo acquired DustPhotonics ($750M + stock/earnout) to bring SiPho PIC in-house, landing
at L3+L4+L6-A across 3 layers. SerDes + DSP with a PIC layer on top gets them to a 3.2T
roadmap. Optical track record is barely a year long.

Marvell runs the most aggressive optical M&A program. The Inphi acquisition ($10B, closed
April 2021) internalized DSP; the Celestial Al acquisition (~$3.25B, up to $5.5B with
contingents) added Photonic Fabric. Photonic Fabric targets 2027 production.

Marvell BATERIBFMNFFHMITR]. W Inphi (100 {23£5T , 2021 F 4 AEA%) KM
DSP iR, ; Wity Celestial Al (#4 32.5 {Z3£7T , BRBE X thixEnk 55 123€70) WPEART HF252
MR, NFERMEBARBART 2027 FRAAET,

Astera Labs’ core business is PCle/CXL retimer, and the aiXscale acquisition gave it fiber-chip
coupling. No L6 module product yet, so it sits at 2-position. Whether Astera enters L6 through
the photonic scale-up roadmap becomes the next re-rating catalyst.

Astera Labs fiz/0\k 552 PCle/CXL EE R 28 , BITURIY aiXscale 3K15 T HEF-& et

A, BHIET L6 BESRT M , AHEHEMET 2 . Astera BHBINFEAY RIFLIN
L6 Z , ¥ aAa T —i M EEERELT,

2-Position: Fab-Lite Modules (POET / Innolight / Eoptolink)
2 BREM  BRE R (POET / A / hFRABA])

Midstream integration combining L4 PIC design with L6-A module manufacturing. All three
share a “fab-lite + in-house PIC design + module” structure.

RS B L4 & PIC RIS L6-ARRRGIEMLGE S . =HHXMARERA +8H PIC &t
HRRHOLER

POET Technologies designs the Optical Interposer platform (L4) and productizes it as
modules. Passive alignment is the core technology, and Foxconn is a partnership. The
positioning play is CPO volume-production enabler.

POET Technologies it 6FFNEFE (L4 2Rk) IREFRUAER, WX HERZ X
R, BLREREGEKME. HEMRIEEMA CPO RARAE F~HHEhE,
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Innolight is China’s #1 module company. It publicly confirmed in-house SiPh chip mass
production in September 2025. Actual fabrication runs on Tower Semi, but the design is in-
house. Its position as NVIDIA’s largest supplier is the core of the moat.

FERE LR R EE —KERAF] . ZARAFHIAKT 2025 4F 9 AKMEHENSHE. K
&R Tower Semi L , BiXITABEMA. 1EAEMHERAMY B RIALE AP K%
1L

Eoptolink picked up SiPh optical engine design through the Alpine Optoelectronics acquisition.
It unveiled 6.4T SiPh NPO at OFC 2026 and holds roughly 20% share in NVIDIA 800G LPO.
S RIBEIILY M Alpine Optoelectronics #4187 A5 ZiRkiIT8EN . X /AB)1E OFC 2026 A& %
T 6.4T FEYE NPO F=f& , FFAEB(H1X 800G LPO W5 1E44) 20% 4 411,

2-Position: IC-Laser Integration (MACOM / Semtech)
2-5B4 : 1IC-H e/ E /R (MACOM / Semtech)

L2+L3 pattern where analog IC companies also secured in-house laser chips. With EML supply
tight, this structure differentiates them on response time to module customers.

XA L2+L3 153 |, 154 IC AR RINEAE T NEBFLE S AR, 78 EML iR E ka5 T
XFPLEME AN AR PR K 88 AR SuiE.

MACOM operates an in-house InP wafer fab (Etched Facet Technology, EFT), producing
DFB/FP laser, photodiode, and MZ modulator directly, and sells them paired with TIA/driver ICs
(L3). It has maintained this structure for more than a decade.

MACOM ZzEEWNHBHLARRE (ThZEIA , EFT) , B34 DFB/FP Hotss. KRR
B MZBHRS  FEHS TIAGRENER IC (L3) FCXH4HE. XFAMERFREERT 4.

Semtech joined the same structure in March 2026 through the HieFo acquisition ($34M,
Alhambra, California), bringing InP gain chip and DFB laser chip in-house. It also holds a
parallel position as NVIDIA 1.6T IC supplier.

Semtech F 2026 £F 3 Bi&I W HieFo (3400 F337T , (T MFARBILMFI/RFE L) A
[F—2E5H) , K SRIGES S A DFB SO0 A AR T=, BN , BXRfER X 1.6T &
R AE R B o R A T AL

2-Position: Materials-Device Integration (IPG / Sivers / Yuanjie / nLIGHT /
Aeluma / LWLG)

B P ME-RE—k (IPG/ Sivers / JEAFRI / nLIGHT / Aeluma / LWLG)

L1+L2 pattern. The first five hold the moat of owning their wafer fab, but none of them reach
down to L6 modules. That leaves them without direct exposure to the module cycle, keeping
them in the laser/device supplier position. LWLG joins the same position slot but at a pre-
commercial stage, so it's grouped here structurally rather than commercially.

L1+L2 #. SIARAFRBAEEC KRB MESFEIT , BEKE TREHZE L6 ERER.
XEFENTIEERES SERER |, LTRSS HNERTE. LWLG &4TE—
B, BEERL L ATIE , BT IR A B IE AL,
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IPG Photonics makes semiconductor lasers in its own GaAs wafer fab and draws optical fiber
from its own fiber preform. The end market is industrial/defense, so it doesn’t connect directly
to data center L6-A.

IPG Photonics ZEEL B A GaAs R £ SKHOGE , FNE BB MBEPRIHE
&, KigmipalWERGE , AR E#FESHEES O L6-AE#.

Sivers runs the InP100 4-inch wafer fab through its Glasgow CST Global acquisition. Etched-
facet DFB laser + on-wafer coating + testing all in-house. Its position as Ayar Labs SuperNova
ELS supplier and POET co-development partner is a differentiated asset inside the CPO supply
chain.

Sivers BT YA RIHTEF CST Global 127 InP100 4 F~Faa(&l . {HZIE DFB ot +auE L
PN+ £ BRNBRTTA. 1EA Ayar Labs SuperNova ELS ##th Al POET BX& TRk , H
£ CPO P BB ERWIMB.

Yuanjie runs an IDM model with MOCVD epitaxy fab and full InP DFB/EML laser chip
production. It's the #6 laser chip supplier globally and #2 for SiPh laser chips. A rare position
that can address both Chinese domestic and global supply.

IFAK A IDM X |, #155 MOCVD 4MESER] MTTEE InP DFB/EML Y6 R4 ES. E
EERENAKRHECS FEHNVE , WEEHEE RS T RHRN R, X —hisith (R R
EFEERNMEIKENFEFK,

nLIGHT officially frames its vertical integration as “semiconductor chips to full laser systems.”
High-power laser is the core product with a heavy defense share.

NLIGHT B HEEESIEE XA NEFEERBTREHOCREY . ST EHZ O™
on , EFusG P S,

Aeluma makes lll-V-on-silicon 12-inch substrates together with InGaAs SWIR photodetectors

and quantum dot lasers. The only player doing 12-inch Ill-V-on-Si, which makes the substrate

platform itself a differentiated asset.

Aeluma A F=ETREER 12 T =R IEMEYHIIK , RINGE InGaAs 4G IKA SN GRS

BT RHEE. XM ——RE 12 T TiHE=T KU EYr RN , XESHASKRTFEaE
S A—MERNE.

LWLG sits in this group by structure but is a different kind of case: EO polymer functions as a
material (L1) and as a modulator (L2) at the same time, so a single material spans two layers.
Still pre-commercial (FY2025 revenue around $237K), which means this looks more like a
technology demo than vertical integration. The position slot is L1+L2 on paper, but none of the
commercial characteristics of the other five names here apply.

WM LR, LWLG BT X—2%5 , BRETARZER  EEREMENEAME (L1 ZF) T
s (L2 B) RIFEA , HtBA—MREEmANZER. BRTat Trnkaaieg (2025 T4k
A#1237 %) , FEKEXEGEANERMIFEERS, O LHEMBET L1+L2 & , B
BEAL e A T SR M A R M AR R E R T A E]

Special Cases (QCi / Ciena)

Two companies that fall outside the standard integration patterns.
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QCi runs the unusual L4+L5 combination. The first TFLN-dedicated foundry in the U.S. (L5)
opened in Tempe, Arizona in May 2025, and at the same time the company designs its own
3.2Tbps TFLN PIC (L4). In November 2025, QCi announced joint development of a 3.2Tbps
optical engine with POET. Unlike Tower and GlobalFoundries, this is a structure where the
foundry also does in-house PIC design. 2024 revenue under $0.4M, though, so story premium
accounts for most of the valuation.

Ciena straddles two sub-layers inside L6: 6A (optical engine) and 6C (transport systems).
Vesta 200 CPX is the engine product (6A); WaveLogic is the transport product (6C). No other
layers are touched, which makes this strictly a vertical diversification case inside L6.

The Paradox of Vertical Integration: Depth and Returns Move Inversely

Look at the table above and one pattern jumps out: the deeper the vertical integration, the
lower the stock return.

The 4-position group (Sumitomo/Nokia/Cisco) averages a 52-week return of +78%. These
are the “most complete” companies, covering three layers and diversified inside L6, and yet
they’ve returned the least.

The 3-position group (Coherent/Lumentum/AAOIl/Credo/Marvell) averages +855%.

The 2-position pure play group averages more than +600%, and the top names
(AAOl/Innolight/Eoptolink/Lumentum) sit at +900% to +1,700%.

S ZFAR R KR AR 1T +600% , SKEB4Mk (AAOI/HRFRIBAI/HT S B/Lumentum) JKiigIE
+900%£+1,700%.

Five reasons drive this. i KR ZEIRFHINS .

Iﬂ Al DATA CENTER OPTICAL MARKET: KEY INVESTMENT CONSIDERATIONS |l
1 CAPS

. CONGLOMERATE DISCOUNT: DILUTED REVENUE CONTRIBUTION 2. SIZE BETA EFFECT: DECREASED VOLATILITY FOR LARGE

SMALL/MID-CAP PURE PLAY
(AAOI $2B)
- AAOI: 20-30% MOVE
LARGE CAP DIVERSIFIED
(CISCO $2708, NOKIA $30B, SUMITOMO $308)
- CISCO: 2-3% MOVE

NVIDIA EARNINGS SURPRISE

OPTICAL OPTICAL SPLIT
NETWORKING (~15% OF TOTAL
NOIKIA REVENUE)

%)

(

STOCK PRICE

NO<IA
IP OPTICAL
DIVISION

MOVEMENT

3. NO DISCOVERY PREMIUM: ESTABLISHED VS. NEW PLAYERS

o PRE-2023: S 2024: AN y
ESTABLISHED NAMES @ DISCOVERY PREMIUM Q‘
/ ; i ] /7
/ \ B {,\3 il NOKIA ) L INNOLIGHT A 7/
AlIPHOTONICS | AlIPHOTONICS (& ﬂﬁ < Sumitomo ) W YUANJIE AAOI

CYCLE / CYCLE DILUTED M DECADES-OLD COMPANIES. / INVESTORS IGNORED
=z Sl @ “LEADER IN OPTICAL NTIL 2023.
PERCENTAGE | | i o COMMUNICATIONS Al DATA CENTER MODULE
INNOLIGHT AAOI LUMENTUM 0 REVENUE ALREADY PRICED IN. STORY BROKE. VALUATION GROWTH
4. VERTICAL INTEGRATION: LEGACY BUSINESSES VS. AGGRESSIVE GROWTH BETS
DIVERSIFIED LARGE CAPS: ! PURE PLAY GROWTH BETS: Al 800G/1.6T & PURE PLAYS

(INNOLIGHT, AAOI, LUMENTUM)
* PURE PLAYS ALL-IN

ON CURRENT CYCLE.
CAPTURING THE RETURNS.

InP LASER CYCLE

SUMITOMO (CURRENT CYCLE)

LUMENTUM:

AAOI:

Infinera
ACQUISITION

DIVERSIFIED

[ VERTICAL STRUCTURAL COMPANIES
UMk TECHNICALLY  DEFENSIVE  INTEGRATION DEPTH CYCLE - STOCK PRICES FOLLOW

InP
A 3
IMPRESSIVE & THIS GYCLE'S CORE KEY .
LEGACY , 3
BUSINESSES _SINGLE PRODUCT: R, PRODUCTS (5 NVIDIA (f ) ~
ICE-D 3.2Th/s MODULE BUYS STRUCTURAL DEPTH CYCLE (YEARS) )

CISCO

6T y <
MODULES AEC + CWDM4 200G EMLs
L |
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First, conglomerate discount. The 4-position names are all diversified large caps. Cisco has
a market cap around $270B but optical networking is under 20% of revenue. Nokia’s core is 5G
wireless networks, with optical split into the Nokia IP Optical division at roughly 15% of the
total. Sumitomo has automotive wire harnesses at more than half of revenue. The Al photonics
cycle benefit gets diluted in the corporate-level numbers.

H— , SR8y, NREEEAWHAZTHEK. BRTEL 2700 Z£75T , {EXMLEY
FURNE PEAR R 20%, EETAZ O S Z 56 TTEML , H IP ML ER 1Nl BAKE IR
15%. FRBLEFHMAREIRELRWSE . ATERENF BRI FFE 4 b BRI R 45 /%
.

Second, the size beta effect. The 4-position names are all large caps. Cisco $270B, Nokia
$30B, Sumitomo $30B. Unlike small-cap pure plays, their stocks don’t move as violently. The
same NVIDIA earnings surprise that sends AAOI ($2B) up 20-30% moves Cisco 2—3%.

HT, I sNy, PR eWIE AR - BRL 2700 23T, %ET 300 {2%7T. {E&KBAT
300 {Z%TT. MERT/NEANEHR , HRMIENENFE, RSFETREERVSHRETUE
AAOI (20 {Z3EJTTi{E) FIRERI%K 20-30% , MERHMUES) 2-3%.

Third, no discovery premium. Cisco, Nokia, and Sumitomo are decades-old companies.
“Leader in optical communications” is already priced in. Innolight, Yuanjie, and AAOI, on the
other hand, were names most investors didn’t bother with until 2023. The Al data center optical
module story broke in 2024 and the discovery premium exploded.

F=, ARG, BRL wETMEAEBERERTFRLHAT. WRERTE HHLRE
EHTIAES. MAFRES. FAREAR AAOI , 7E 2023 F£2Z BT R KZ ¥R EERAR L KT
BT, Al BT ONERINEIE 2024 F1BK , RILRNTEZ ATt

Fourth, vertical integration may not be the growth driver. This is the core point. Sumitomo’s
InP substrate business and fiber business are just the sum of decades-old legacy businesses.
Nokia’s Infinera acquisition is technically impressive, but the actual revenue contribution comes
from a single product, the ICE-D 3.2Tb/s intra-DC module. Cisco’s Acacia and Luxtera
acquisitions were defensive M&A, not aggressive growth bets. Innolight, AAOI, and Lumentum,
on the other hand, are companies that went all in on “this cycle’s core product.” Innolight’s
800G/1.6T modules, AAOI's AEC + CWDM4, and Lumentum’s 200G EMLs are exactly what
NVIDIA is buying right now.

%0, EEESTREIFREKIREN N, XEZOVR. ERNBHCRE RSN R E K
THEESFHEREN, HWETNEIERHNBBERA LS AENFRIRZ] , {BKFREW TR
kB8 —7=i——ICE-D 3.2Tb/s ¥ah [:NEbER , BHRIT Acacia M Luxtera BRI J& T-31E
MEFY , TAESEEUEKIRE. Mz , FEREA). AACIF1 Lumentum &£ NE" 44 fF
k% O F=aR b, JBAIR) 800G/1.6T #k. AAOI 1) AEC+CWDM4 FERIUK Lumentum f]
200G EML #tes , IER IR LA KM% DT,

Fifth, cycle timing. Cisco’s structural depth is overwhelmingly greater than Innolight’s, but
stock prices follow cycle timing. This cycle is 800G/1.6T modules and InP lasers, and the pure
plays that went all in on that are capturing the returns.

o, AR, EREMEREITREE , RN EREREATR. KRN EREE
800G/1.6T AR SRIVIRMGES | ArLee NI ATRE AT (EFEBGR FRILLF,
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Optical DNA: How long have they been in this business?

HFER : MVIFXMIFNEL X ?

Just as important as the depth of integration is the question of when each company started
doing optical. This determines product maturity and technical depth. Re-sort the 22 companies
by when they entered optical and a different picture emerges.

s GLOBAL OPTICAL INDUSTRY LEADERSHIP TIMELINEZINDUSTRY ENTRY_& MATURITY

1st-GENERATION

R I '
SUMITOMO ' ) 1P G i E 0
g0 Qeowesewt | LE@ | CORNING e - & N
Optical fiber R&- optical Founded 1966 as 1 Founded 1990, ! Led fiber S= I@ ; Z
ber R&D since 1960s laser specialist vertical integration ' commercialization —
5 ; -

2nd-GENERATION NATIVE : UCT gu—
= : i) 7 NOKIA ||||||||| i ==
JLUMENTUM  AADl | maAcom. P e EISER Lo
IDSU1979spunoff 2015 | Founded 1987 | UP“C;}H;;E&"“S- : (Ecozese]  integration
an

3rd-GENERATION NATIVE (10-20'YEARS) {21\ GRI H & EMERGING PIONEERS \ N

() Innolight ‘ Coptolink ‘ Wyuanijie nLi’(;-HT‘ SEM;'!:'ECH Si‘\lbers POET ‘~~‘f;.—-j;.
Foundedzﬂﬂﬁ w04 2 200 | enlored 2025 ’Aelumazum _ potmotel ALY N D M
LATE ENTRANTS (5-10 YEARS) C M&A INTEGRATION A N

NOKIA > @ cisco * ﬁ ‘cisco’ é -ﬂ ) \ .
current optical Alcatel-Lucent 2016 optical Luxlera 2018 Acacia 2021 i Steady growth Complex integration

Strong technical foundations Potentially differing maturity
20205

TECHNICAL DEPTH

NEWCOMERS (5 YEARS OR LESS) SITIONS & NE'W TECH deep @ shallow

» PRODUCT MATURITY
JPwee HCREDO A Asteralabs  NOKIA QCi ) LWLG refined @I recent
Inphi April 2021 I]ulehotunlcs 2026 aiXscale 2025 Infinera integration QCITFLN foundry ~ commercial push & ACTUAL PRODUCT CAPABILITIES
Feb 2025 Meyjlss i integrated joined

1st-generation native (50+ years): Sumitomo Electric (optical fiber R&D since the 1960s),
Coherent (founded 1966 as a laser specialist), IPG Photonics (founded 1990, originator of fiber
laser vertical integration), Corning (led fiber commercialization in the 1970s).

2nd-generation native (20—40 years): Lumentum (JDSU 1979 — spun off 2015), AAOI
(founded 1997), MACOM (1950s RF lineage, optical from the 2000s), Ciena (founded 1992).
FEZARAELTN (20-40 F£A%) : Lumentum (FTE JDSU REILTF 1979 4F , 2015 43154
3L) . AAOI (BALT 1997 4F) . MACOM (JREB 1950 RSB |, 2000 AP E FFM
18,) . Ciena (OXLTF 1992 &)

3rd-generation native (10-20 years): Innolight (founded 2008), Eoptolink (2004), Yuanijie
(2013), nLIGHT (2000), Semtech optical (entered 2026 on HieFo acquisition basis, but
Semtech itself has long experience in module ICs), Sivers, Aeluma (2021), POET (older but
with a current business model pivot).

HE=REERN (10-204F) : TEBIRIBL (2008 EARAL) . IRABEL (2004 4F) | IBARH
(2013 £4£) . nLIGHT (2000 ££) . Semtech J6IB{5EBI] (FETYa W HieFo T 2026 Fi# A ,
1B Semtech B S 7EFEH4E AR I ﬁﬂz ZUoFEE) . Sivers, Aeluma (2021 4) . POET (RRAL

REELUFNEH TR |
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Late entrants (5-10 years): Nokia’s current optical business (Alcatel-Lucent acquisition 2016),
Cisco’s optical business (Luxtera 2018, Acacia 2021).

JERR#AE (5-104F) : HETWHFIHEFS (2016 FWHT/RRAFRAR) | BRI
% (2018 FEY My Luxtera , 2021 WK Acacia) .

Newcomers (5 years or less): Marvell (Inphi acquisition April 2021), Credo (DustPhotonics
2026), Astera Labs (aiXscale 2025), Nokia’s Infinera integration (Feb 2025), QCi TFLN foundry
(opened May 2025), LWLG’s actual commercialization push.

HiEE (5 EUA) : Marvell (2021 48 4 Y& Inphi) , Credo (2026 Ut
DustPhotonics) , Astera Labs (2025 ZEYg4 aiXscale) , &I 4 Infinera (2025 4E 2
A) ,QCITFLN RIJ" (20254 5 AFF\k) , LWLG FORRRea b et

Why this classification matters. A company that “assembled” vertical integration through M&A
and one that “built” it organically over decades have different actual product capabilities.
MMAXFHNEEXRTE, —RETHWPIEEEREHNAR , S—FXUTFRAFH MR ER
BENNT] , AXFFF-mie N FaEESR.

Cisco has 4-position integration at L3+L4+L6-A+L6-C, but the whole stack was stitched
together from 2018 to 2021 M&A. There was no internal optical R&D organization; they brought
in Luxtera and Acacia engineers. Integration takes time, and the technology roadmap is
piecemeal. Nokia is similar. Infinera has only been part of the company for a year. Coherent
has been doing optical for 60 years, Lumentum for 45, AAQOI for 27. Same “L1+L2+L6-A" 3-
position label, but the depth of technology is in a different league.

FEBHE L3+L4+L6-A+L6-C UM ERIMES |, BENERIZE 2018 £ 2021 FRIEI I
MPtEmAL. HIEBRBNFHAAL , MR35I AT Luxtera # Acacia I ITFEIT. & FEN
B , FAREZENBSTE., WETFNI. Infinera FA AT {X—ERE], 1M Coherent jx
HOEE4UE, 60 45 | Lumentum 45 £ , AAOI thELA R 27 &, BRRFEARIEL1+L2+L6-
N=AEER , BRARRETRENER—ER.

Credo and Astera Labs follow the same logic. Both are classified as L3+L4, but their optical
track record is barely a year long. The DustPhotonics acquisition closes in 2026, and the
aiXscale deal happened in 2025. For now, these are companies that “have acquired optical
assets,” not companies that “do optical.” The DustPhotonics PIC share of Credo’s revenue is
still minimal.

Credo 1 Astera Labs E1EEREZHE. MEHHIALEHM L3+L4 k71 , BEHBEWVFICFNL
—4%E, DustPhotonics W 2026 £E5Ch% , M aiXscale ZZ R A4S 2025 £, AT, XL
B BT EWMYERER e , MIE NEHIEEL S Kk, DustPhotonics i PIC Mk %5
£ Credo Bt PADGCFE4.

Marvell is in the same category. Inphi acquisition (April 2021, $10B) brought in optical DSP;
Celestial Al acquisition (2025, Photonic Fabric) added L4. A 5-year optical company, in effect.
The parent Marvell is still a storage/networking IC company, and optical is a minority.

Marvell BFR—351, Inphi ] (2021 4E 4 B , 100 1Z35T) 3k T Y% DSP A ; Celestial
Al (2025 4F |, SF45H)) WFNRET L4 Bk, Kfrt , XE—RIWALENFVFTHL
8], BATF] Marvell AT 277 ME/MS SRR |, el S a TRV,
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Investment Lens: Structural Moat vs Stock Returns

REAA St S RRE R

The conclusion: vertical integration is a “structural quality” indicator, not a “stock performance’
indicator.
L0 EEHEGEEMMERE RN , AE RERRINTEMR.

The two are actually inversely correlated.

P& KR EETAEX.

Strengths of deeply integrated companies:

RERSRMARE

» Resilient to supply shocks. Lower dependence on external wafers and lasers.

AR P RESISR. SFSMIDEREIATFOCAR AR BUE AR,

o Stable long-term margins. Intermediate margins are internalized.

FREMKAIFIER, FHFIERENEM.
o Accumulated R&D assets. FRERIFARF".
e Hard to be an M&A target (large, complex).

Weaknesses of deeply integrated companies:

Valuation multiples are lower due to conglomerate discount.

Pure-play growth gets diluted by diversified businesses.

Limited re-rating headroom (already well-known names).

BIRMEFFERTE (EEXTEAMNET) .

Size beta is low, so they move less in a cycle rally.

MAR DU ERAR , FUTE A R I SN
What made money in this cycle was focused pure plays.
K AP HRENE TR —FRERAEITR.
Innolight went all in on 800G modules. AAOI focused on DCI and AEC.
Innolight 4 11387 800G #&#k. AAOI &i+T DCI 1 AEC,

Lumentum focused on EML lasers.
Lumentum EJFTF EML ¢85,

Paradoxically, Cisco has a much deeper structural moat than Innolight, but Innolight’s stock has
outperformed by more than 20x.

FERZE  REEBREMMEPIITIZILPIREERE | B FRESIRK RS RILADE L B1# 20
AL,
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My take: there are two points in the 2026—2027 cycle where this dynamic could flip.
AN RZ © 7E 2026 = 2027 FREHT , BRI E R A AL K Tiz& B AL,

First, once CPO adoption gets real, vertical integration’s edge comes back. CPO isn’t a single-
module product; it's a systems integration game, which favors full-stack players like Cisco,
Nokia, and Sumitomo.

B4, —BE CPORARREIEFRINVA , EEESHNABRKENEIM. CPO FHIFE—1EHR ™ , M
E—HAGERNET , XEEFTER, BETMEAXLELHKR /.

Second, if the pure plays fail to transition to the next cycle product, their current premium
bleeds out.

HR , tREERAREL EE T —AT=m B , HArhiersZ k.

If AAOI can’t secure the next product after 800G and 1.6T, multiple contraction follows. This is
a call that needs to be made on roadmap signals, not on reported financials.

% AAOI 7£ 800G # 1.6T Z faRfediE T —R7r=dn , AEESEEmIEYYE. X—FIEET
ANER&ARESIEL , MAFE A MR FEE.

Cycle Diagnosis: Is it still investable?

A - REMARENE?

| think this is the section most readers will care about. Optical-related names have run up to
+1,700% in a year. People thinking about entering are wondering “am | too late.” People
already in are wondering “should | get out.”

FIANAXBRZEOLE R OIS . SR AR IE—FIKIE =X +1700%., ZEBAZH
AN KB ERMG T, EERADHANELE A RNAES .

Straight to the point: EAFM :

Valuation is Late, Fundamentals are Mid, Product cycle is Early.

HECA SN , EFELTHR , FRAREERR.

Every name has a different combination of these three axes. Judging “the sector” on an
average number will mislead you.

GAPRAER =M LA A AR (VS FHMERSIT T SR SRS,

The 3-Axis Diagnosis of This Cycle
R AR =42 W
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OPTICAL COMPONENTS MARKET CYCLE ANALYSIS: MULTI-FACETED ASSESSMENT

\_ VALUATION AXIS: LATE STAGE /
LUMENTUM  AAOI INNOLIGHT ; : REASONING

w w MOST OPTICAL NAMES
) /\ f A y LARGE MATURE NAMES CONGLOMERATE ]_,
90th PERCENTILE [msco NOKIA, SUMITOMO) J __ DISCOUNT H

50th PERCENTILE
] | [DIvERSIFICATION \
__ DILUTION

EXPLODED REVENUES NO DECELERATION
STARTING Q4 2024 INNOLIGHT: LUMENTUM: AAOQL: 2026-2027
2 2024 REV +123% Yoy FY26 Q1 REV +58% YoY. | | 2025 Pid55M (+82% YoY),
(STILL+57% IN 03 2025) | | (CLOUD/AI=60%MIX) | | 2026 GUIDANCE:S1B " |

BACKLOG VISIBILITY
TO 2027

ROADMAP SINGLE-PRODUCT FOCUSED
COMPANY STRATEGY  (DIVERGENCE AT CYCLE END)
(CONNECTS TO 2030)
ONTINUOUS SUCCESS 88

GENERATION 8006: 1.6T: : : SINGLE-PRODUCT FOCUSED

098) (DIVI CE AT CYCLE END) A
INITIAL HIGH-VOLUME RAMPS IN EARNEST (2028) (2028-2030) (DIVERGENCE AT CYCLE END) A

SHIPMENT (NOW) (2026-2027) STATUS: PRODUCT-GENERATION: EARLY FRONT-END! |

Valuation axis: Late stage

{8 - FRAMER

Forward P/E for most optical names sits above the 80th percentile of their own 10-year
histogram. Lumentum, AAOI, and Innolight are above the 90th. On valuation alone, this is late
cycle. That said, the large mature names (Cisco, Nokia, Sumitomo) are still around the 50th
percentile. They trade below the cycle average because of conglomerate discount and
diversification dilution.

REFLBEOWVAITIITRREETBS TFEHENHK 80 Bz, HF Lumentum, AAOI
A Innolight 25K 90 B uzk. MMNEEREE el TRAMSANR. AIEFTE
KE , ARG BR WEE. FRET) MEEMAHNAE 50 B, XEmvE
SEIFNHBNY S F L TR | AR SEERTITL AKX,

Fundamentals axis: Mid stage

EAHEH - PR

Optical revenues actually exploded starting in Q4 2024 through 2025.
FIBEITARNSKFR M 2024 G280 EFFIAZE 2025 FEIBRAIEK.

Innolight 2024 revenue +123% YoY (with +57% still running into Q3 2025).
FRFRIER) 2024 SEENRIELIEK 123% (BE 2025 58 =FEMREF 57%HRILIEK)

Lumentum FY26 Q1 revenue +58% YoY with cloud/Al expanding to 60%+ of the mix.
Lumentum 2026 M4ESE—FEERRILILK 58% , =/ AL EsEN & b AZE 60%RL L.

AAOI 2025 full-year revenue +82% YoY to $455M, with 2026 guidance at $1B.
AAOI /AT] 2025 FELFEWRILIGK 82%Z 4.55 23T , 2026 £E 53|15 10 {Z3£TT.
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The numbers are still accelerating. No deceleration signal has appeared for 2026—2027 growth
rates. Backlog visibility runs into 2027.

WFDEMRBK, 2026-2027 FHIEKREGARHINBRIRES ., FAUEITHAN AHECEHZE 2027
EO

Product cycle axis: Early stage

PR ¢ FHIMTER

The main product is the 800G module. It's only just starting high-volume shipment. 1.6T ramps
in earnest in 2026—-2027, 3.2T in 2028, CPO in 2028-2030.

FEFE 800G YAk, BRTHISEARMARE SEMER. 1.6T =i ¥4E 2026-2027 FIERAR
€, 3.2T T 2028 4 #H , CPO ARTRIT7E 2028-2030 4F[A)SRILA A

In product-generation terms, we’re fully at the front end. Even if 800G peaks, transition to 1.6T
should happen naturally. This is conditional on having a roadmap, though. Companies with a
roadmap out to 2030 and companies that went all in on 800G will diverge at cycle end.
FEFEmBEAE , KTl Tarm . BIF 800G XEITHlE , M 1.6T KITEHNEBAK
A, BEXERT BB AMRISARELE. #H 2030 FRTFLEK 52 N7E 800G K
MV, RERILE R I 1.

Mapping the three axes by name changes the investment calculus. Putting all 22 companies
into a single table:

B EERMRG =KD, X TIREMETEAR. BHH 22 RATESE|I—PRET
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INSTITUTIONAL RESEARCH INFOGRAPHIC DASHBOARD 1) jemiiiy
Cycle Diagnosis Matrix — Where Every Optical Stock Sits on 3 Axes

Company Valuation Fundamental Product Cycle Read

Lumentum LUM ate (85t Mid Early-to-Mid TS eI QLG NG
Coherent cii G € “ Sustains through late cycle
Marvell MAR | i I By I - -rati i
Credo CRO Laﬁtﬁi

AAOI AAT Late (95th)

Innolight Y

Eoptolink EPO

Yuanjie YUA

nLIGHT ITH | Late (85 90th)

Cisco CIC CPO transition re-rating candidate

Nokia (/O Mid (55-65th) ““ CPO transition re-rating candidate
Sumitomo I/ Mid (50- 60th ““ Conglomerate discount persists

Ciena CIN i ~ Early | Early Vesta 200 ramp
Astera Labs BSC | Late (85- 901h) Early ] L6 entry is the catalyst

Semtech (LI Mid-Late (75th) [ | | HieFo integration early stage

Sivers SVR  Late (85-90th) ' -Mi CPO ramp beneficiary candidate

| LWLG N/A N/A Pre-cycle | Very Early  Outside normal cycle framework
QCi N/A N/A Pre-cycle Very Early Outside normal cycle framework
Aeluma NLU - Late (90th+) [ Pre-commercial = VeryEarly  Tech validation stage

POET RET Late (90th+)  Pre-commercial ' Very Early Story premium driven
MACOM 7Yl Mid (65-75th) Mid VIGEGEIEIER Stable growth, limited upside
IPG Photonics  IPG RVIGNEIEII)] ! Late l Mature Industrial cycle mature, weak Al

Valuation percentile estimated from each stock’s 70-year Forward P/E histogram. Pre-revenue names marked N/A.

Group A — Quality Leader Group B — Max Upside, Late Risk Group G — Re-rating Candidates
Sustains through late cycle Strong now, fragile later Underappreciated quality
Lumentum, Coherent, Marvell, Credo AAQI, Innolight, Yuanjie, nLIGHT Cisco, Nokia, Sumitomo

Valuation already elevated but Product Fundamental Mid + Product Early, Valuation Mid/Early + Fundamental Mid.

Cycle sits at Early-to-Mid with roadmap 800G revenue exploding but next-gen Pressed by conglomerate discount but

visibility into 1.6T and CPO. Likely roadmap thinner than Group A. Post- could re-rate as full-stack plays when

leaders in the next cycle transition. 1.6T visibility is both catalyst and risk. CPO transition accelerates. Marvell
Eoptolink is more durable within the partially shares this character from a
group thanks to 6.4T NPO roadmap. pure-play angle.

Group D — Early Integration Group E — Outsule N01 mal Cycle Group F — Mature, Limited Al Exposure
Waiting for catalyst Story-driven, size limit required Outside this photonics wave

Astera Labs, Semtech, Sivers LWLG, QCi, Aeluma, POET IPG Photonics, MACOM

Acquired photonics assets in the last 1-2 Pre-commercial or Very Early. Already in mature product cycle with

years but revenue impact still minimal. Stock price driven by narrative and tech limited direct Al datacenter exposure.

Re-rating catalyst lands when integration validation rather than fundamentals. Dependent on industrial laser / telecgm

completeness is proven. Pasition sizing discipline matters most cycles, so this Al photonics cycle o
here. constrained elasticity.

Source: Company filings, LightCounting, Yole, Dell'Oro, industry checks | Damnang Investment Research | 2026-04-17
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Traps to Avoid When Entering Now
WETA T T AL KRR

Trap 1: “Up a lot, so expensive” as a simple read.

B — : KRR ={h{E S " R A

Stock returns are a composite of earnings, multiple, and theme, so the return alone can’t
diagnose overvaluation. Marvell is up +183% and still at a 70th-percentile P/E. Cisco is up
+59% and still in a cheap zone.

BEREIRERF], AEESMEBRRLREERN , VEKETTEFWESSE. Marvell _Eik
183% M A ZANBATF 70 73z , Cisco Lk 59% fe {4 G {EEM .

Trap 2: “Up less, so cheap” as a simple read.

Beab — : i =B IR ) B dEsa

Cisco, Nokia, and Sumitomo are up less for structural reasons, mostly diversification dilution.
Without a clear optical-transition catalyst, this discount persists.

BR BETMEABETHREMMHERZREAR , TRWVSZ TRV ENE, ERZH
MHEREF R RMEIRT |, (EITNRIFETFLE.

Trap 3: Entering at a 52-week high.
faRt= : 7 52 AER A,

Optical names have high fundamental beta, so corrections tend to be 20-40%. Pure plays like
Innolight, AAOI, and Eoptolink can gap down 20% on a single hyperscaler capex guidance
print. If you’re entering, scale in gradually and wait for corrections.

YRR AT R NEAR IUEE , FENANREEIEE £ 20%-40%XE, nFrEe),
AAOI, FZBELLIEAMN , BB KA R AT &S AT AT AES | K 20%MBk= Tk, Fit
XEE , BXSMAIZFFERFERE L.

Trap 4: Names running on narrative without fundamentals.

PERFED - AR RMEMRZ EAESHERBLE .

LWLG and QCi move on story, not earnings. When the theme cools, those names drop more
than 50%. Position size has to stay limited.

LWLG 1 QCi KR EBEUR T @M AR L. Ui aFal)  XIERRIER 8 50%.
FF ML= AEITH,

Game-Changers for the Next Five Years

KRAFRITLEEE

Current optical names ran on the 800G module ramp story. But returns over the next five years
are more likely to come from places that aren’t yet in focus. Following on to names already up
+1,000% gives you less asymmetry than finding the next wave’s game-changers in places
where the theme premium hasn’t yet been priced in.
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FTER S B EEISE 800G A FHEMEBIT. BARKAENREOIRE JAERA Mk
BHIHRED FENSUE, BEIPLEE LR Lk iBIT 1000%HFRH , EARXTFRMWNS 5 AT a0 1E
FHRN AT EMRSUBI R T 0L E S,

Five directions are visible.
A RAENKEAE.

1. The real beneficiaries of CPO adoption

1. CPO AN RMERR &

UNMASKING THE REAL WINNERS OF CPO VOLUME PRODUCTION (2027-2028)

CURRENT MARKET PERCEPTION: CPO REALIZATION CHALLENGE: THE PROBLEM
CPO INITIAL PREMIUM (2024-2025) Warket Expectation

ation for Early
Beneficiaries

S
At

CPO beneficiaries tagged.
Premium already in these stocks.

Photonic
Integrated N -
A Circuit (PIC) X 2N </ micrometer

A Manual Active Alignment }| Thermal
can't scale for volume production
FUTURE VALUE CREATION: CPO VOLUME PRODUCTION (2027-2028) & THE REAL WINNERS

o PASSIVE ALIGNMENT TECHNOLOGY: o LENS ARRAY & MICRO-OPTICS: o THERMAL MANAGEMENT: o ADVANCED PACKAGING EQUIPMENT:
THE SOLUTION FOR SCALE FOR PRECISE OPTICAL PATH ALIGNMENT IMPACTING GPU PERFORMANCE CHIP-ON-WAFER & WAFER-LEVEL BONDING

e} Coherent (formerly I1-vI) g) a Vertiv Holdings
e I (VRT)
@ 7 /J' Listed flagship, CPO

Thermal cooling

[P POET Technologies

£= BESI (8ESLAS)
> /\’ Optical Interposer S
| platform

Near-monopoly in
hybrid bonders,
applied in CPO

small for own re-rating

Leader but lens share too
Independent suppliers '|.I momentum less priced in

> /\ AyarLabs

2 German diversified [l Jenoptik (JEN.DE) Laird Thermal
4}‘” Lightmatter E,;?I?Ssl Ir:;;rileie [Erard Fisba (unlisted) Systems @ ASMPT (0522.HK)
IPO Candidates CPO premium 0Z Optics (unlisted) = Boyd

The current names tagged as CPO beneficiaries are Marvell, Cisco, and Fabrinet. The CPO
premium is already in those stocks. But CPO actually enters volume production in 2027-2028.
The real winners at that point are likely to come from component and process companies that
aren’t getting attention right now.

BaT# MK CPO %28 E M/ 5] 84% Marvell, Cisco #1 Fabrinet, XLEA§ZEf) CPO i B4k
. 1B CPO KFrEF~E%E 2027-2028 47, JRITEIEMMIRIR AT RESK B & BIAR R I ALE 440
TZF,

Passive alignment technology. CPO requires aligning laser, PIC, and fiber with micrometer
precision. Manual active alignment can’t scale for CPO volume. Whoever solves this problem is
whoever actually makes CPO real. Among listed names, POET Technologies implements
passive alignment through the Optical Interposer platform. Ayar Labs and Lightmatter are
unlisted but IPO candidates. One more to watch is Fabrinet, which is the most likely candidate
for fiber attach and module assembly in NVIDIA CPO production.

WK AR AR, CPO FERIFNES. PIC A UMAKBASEXIHE, FAAENXSHETTIEHE
CPO WEF=FHKR, WREMERX/NEM , A BEHRIERI CPO, £ LM/AgF , POET
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Technologies BId Y FF N EFE I T Hshxi e, Ayar Labs #1 Lightmatter & _ET{EAE%&
IPO &5 . H—MEFXKEHIE Fabrinet , BB AJBERCATAEE CPO A=yt aE e AiE sk
BTN NIV

Lens array and microoptics. To align the optical path precisely inside a CPO module, micro
lens arrays are essential. Coherent (formerly 11-V1) is a leader here but the lens array business
share is too small to be re-rated on its own. Among independent lens array suppliers, Jenoptik
(JEN.DE), Fisba (unlisted), and OZ Optics (unlisted) are the names. Jenoptik is a German
diversified optics company that hasn’t yet gotten the CPO premium.

B ST . AT IE CPO BRINERFEHIXT I |, HUBSIESZRXEE., Coherent (A
FH7 1I-VI) BX—4UspnSE , BHBEHEMAEINL SR/ , ELRIRGE[E, EHIKIE
EERERIMV BT |, Jenoptik (JEN.DE) . Fisba (Zk_tty) #1 OZ Optics (k_t) BFE
M. Jenoptik B —HIEE L T NFAE] , HFREKIF CPO EH.

Thermal management. CPO modules sit inside the GPU package, so thermal performance
directly impacts GPU performance. Liquid cooling solutions and thermal interface material
suppliers benefit. Names like Laird Thermal Systems (unlisted) and Boyd (unlisted), and on the
listed side, Vertiv Holdings (VRT) is the data center cooling flagship. VRT has already run a lot
but the CPO momentum is less priced in.

WEE, CPO R T GPU H3NED , FUtEMEREEHR2Im GPU MaE. RIAIRIR T AN
REAEMANV A Z28, BIINS/RERAL (kEm) MBHE (kb)) |, EhdlsmEs
A (VRT) 2RO EM4USM ke, VRT M EFBAKIE , 18 CPO X B KM
MRS ARIL.

Advanced packaging equipment. CPO demands difficult processes like chip-on-wafer and
wafer-level bonding. Leaders here are BESI (BESI.AS, Netherlands) and ASMPT (0522.HK).
BESI has a near-monopoly in hybrid bonders, and hybrid bonding is very likely to be applied in
CPO as well. BESI is classified as a semiconductor packaging equipment stock and hasn’t
been awarded the optical premium.
SRR %E . CPO FEME LS MGREREFSMETS., AR MS ¥ 2 BESI
(BESIAS , i) #1 ASMPT (0522.HK) ., BESI fEiRARATAVRIETZERT , MESHRER
ARBETREN AT CPO 4ius, BESI #IFZENFFAEFRER , B RRFHFHM .

2. 3D Photonics and Heterogeneous Integration
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EVOLUTION OF SILICON PHOTONICS (SiPh): 2D TO 3D

CURRENT 2D SiPh FUTURE 3D SiPh STACKING
EXTERNAL LASERS FLIP-CHIP LASERS

COUPLING VIA FIBER PHOTONIC DIES
/ / | 7 STACKED VERTICALLY
-;- /=~ PHOTONICDIE | ON ELECTRONIC DIES
; ELECTRONICDIE.|
-=. (eg GPU compute)

— Y ( PACKAGE —»
EXTERNAL @ S @ © CHIP-TO-CHIP OPTICAL
SASERS LASER SIT NEXT OR FLIP-CHIP ON SiPh S L

TSMC SolC PHOTONICS PLATFORM& ROADMAP
STACKING — [N OGICI VOLUME ERA
LOGIC, MEMORY — MEMORY TSMC ROADMAP _ 2027-2028

P”OTON'CS"“ PHOTONICS St FORMALIZED TARGET PRODUCTION

ROADMAP
LEADER TSMC SOIC PLATFORM CPO VS. OPTICAL I/0 DISTINCTION BECOMES MEANINGLESS

MULTIPLE WAVES OF BENEFICIARIES
PHASE 1: MANUFACTURING & MATERIALS PHASE 2: DESIGN TOOLS & VERIFICATION  ¢,c pHoTonics
BESI ‘: ?‘"é-j EQUIPMENT cadence PHOTONIC SIMULATIONS  PHOTONG . (1520%)

EV Group F S RSHARE

e E | THaY I #1 FOR HYBRID SYNoPsys > }
ASMPT == BONDING L —— T

-~ ||‘- ; i ii] UNDERFILL I\nsys protonic 020 [

Nam'cs MATERIALS EDA SIMULATIONS TODAY SolC PHOTONICS
(unlisted, Japan) - £y PMENT DRIVES MATERIALS VOLUME EXPANDING INTO PHOTONIC EDA VOLUME ERA

Most SiPh today is 2D. Laser chips sit next to the SiPh chip and couple via fiber, or are flip-
chipped on. The next step is 3D stacking. Stacking photonic dies vertically on electronic dies
brings chip-to-chip optical connections inside the GPU package.

The leader here is TSMC’s SolC platform. TSMC formalized the SolC Photonics expansion
roadmap in 2024, with production targeted for 2027-2028. If TSMC pulls this off, the distinction
between CPO and Optical I/O becomes meaningless. Photonic dies get stacked inside the
GPU package itself.

Beneficiaries: BESI, EV Group (unlisted), ASMPT, Namics (unlisted, Japan). Namics is the
world’s #1 for hybrid bonding underfill materials. When BESI/ASMPT sell the equipment,
Namics sells the materials.

The moment TSMC SolC Photonics enters production, another group of winners appears:
design tools and verification companies. Cadence and Synopsys have roadmaps to expand
into photonic EDA. Ansys is building position in photonic simulation. Today, photonic revenue at
these three is 1-2% of the mix. In the SolC Photonics volume era, that could rise to 15-20%.

3. Optical I/0 and Direct CPU Coupling
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OPTICAL INDUSTRY RESHAPED: THE ASCENT OF OPTICAL I/0 AND ITS ECOSYSTEM IMPACT

CURRENT OPTICAL MODULE ECOSYSTEM OPTICAL I/0 TRANSFORMATION STRUCTURAL RISKS FOR EXISTING
MODULE COMPANIES (e.g., Innolight, Eoptolink)

o o INTERMEDIATE N A2 Package-Internal :
¢ MODULE STEP > S Conversion TODAY POST-2030:
SAPPEARS N (NEKTF?’:I%WS)A | SHRINKING TAM

O—-\é

’ RISK NOT
i REFLECTED
TRADITIONAL ¢ IN STOCKS

MODULE TAM

Total Addressable (TAM)

Plug-in Dptical\\k!‘\

Module Package-Internal Chiplet -

(E-to-0) Conversion Integration Tne

KEY PRIVATE PLAYERS & INVESTMENT LANDSCAPE OPTICAL 1/0’S REVERSE EFFECT:
NEW BOTTLENECKS & WINNERS

OPTICAL I/0 - HIGH DEMAND FOR = COMPACT LASER
ADOPTION COMPACT LASERS SOURCES NEAR CPU

» I\‘ (gnyt’el—backed)

2026-2027
.. nghtmatter IPO Candidates /"/ LASER CHIP SUPPLIERS
(< 4
O I ‘ 7 LUMENTUM

Y €} COHERENT.
(=~ Celestial Al (" Already Priced-in Applied ;
= » (Acquired by Marvell, 2025) G HG I A cpicciectonics OPTICAL 1/0 SUCGESS~

Inc. (AAOI) DRIVES LASER DEMAND UP

Corporate Backing

Putting optical 1/0 inside the CPU/GPU package reshapes the current optical module industry.
Today’s optical module converts electrical to optical outside the GPU. Optical I/O pulls that
conversion inside the GPU package. The intermediate module step disappears.

The leaders here are private companies. Ayar Labs (Intel-backed), Lightmatter (NVIDIA-
backed), Celestial Al (acquired by Marvell). Celestial Al was already priced in when Marvell
acquired it in 2025. Ayar Labs and Lightmatter are 2026—-2027 IPO candidates.

From an investor perspective, the thing to watch is the risk to the existing module companies. If
Optical 1/0O takes off, the TAM for Innolight and Eoptolink could shrink. The next three to five
years are fine, but post-2030 there’s a structural downside risk. This risk isn’t yet reflected in
the stocks.

On the flip side, it pays to look at the layers that become the bottleneck for Optical I/O. For Ayar
Labs and similar companies to succeed, they need compact laser sources that can sit near the
CPU, and the companies that supply those are, again, Lumentum, Coherent, and AAOI. The
more Optical I/O succeeds, the more laser chip demand goes up.

F—AH , FAAAEEN AL RN ERORENE. Fil Ayar Labs KU T EIF A

Ih , I HEREBEE CPU MHILAZRIRIYHCEIR , TR AEXLROEIRIAE] B2
Lumentum_ Coherent #1 AAOI, M N\AGHIRARBAT , BOES ANFEKME K,

4. Quantum Communication Infrastructure (2028~)

4. B FIB{SEAERHAE (2028 £F~)
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QUANTUM COMMUNICATION COMMERCIALIZATION ROADMAP
™) EARLY COMMERCIALIZATION STAGE (Today) ~————————————» 2028-2030 (EXPECTED INFLECTION POINT)

(’ff} THREE MAJOR GLOBAL CATALYSTS

TEST LABS

MICius SATELLITE QKD EuroQCl PROJECT U.S. DoD QKD TESTBEDS
(NATIONAL INFRASTRUCTURE rollout) (€5B+ COMMITMENT) (Operational)

CORE TECHNOLOGY: ENTANGLED PHOTON SOURCE ———®-

LEADING TECHNOLOGY: TFLN-BASED PIC ) DIRECT BENEFICIARY CANDIDATE (Sole U.S. TFLN Foundry)

B 7 | THIN-FILM Q' SOLE U.S. TFLN FOUNDRY
o o ' HTFELU)“&%'SOBATE " I CANDIDATE FOR THIS WAVE

GUANTUM COMPUTING INC.

]EE A\ PRE-REVENUE STORY STOCK (BET SIZE SHOULD BE LIMITED UNTIL FUNDAMENTALS ARE VALIDATED)

ADJACENT WINNERS: SINGLE-PHOTON DETECTORS
SPECIALTY PLAYERS (UNLISTED) LISTED LEADER: HAMAMATSU PHOTONICS (6965.T, JAPAN)

P MOSTLY NO QUANTUM
"" =Y SINGLE (@ > COMMUNICATION
@ e elanieli= | ”;\ QUANTUM (\,@ A THEME PREMIUM YET .
= [ (Leaderin SPADs) ¥V

Quantum communication is still at an early commercialization stage, but 2028-2030 is the
expected inflection point. Three catalysts. China is rolling out Micius satellite-based QKD as
national infrastructure. The EU has committed more than €5B to the EuroQCI project. The U.S.
Department of Defense is operating QKD testbeds.

The core component of quantum communication is the entangled photon source, and TFLN-
based PIC is the leading technology for this. QCi is the sole U.S. TFLN foundry, making it a
direct beneficiary candidate for this wave. That said, QCi is a pre-revenue story stock, so bet
size should be limited until fundamentals are validated.

Adjacent winners are the single-photon detector companies. Specialty players like ID
Quantique (unlisted) and Single Quantum (unlisted) sit in this space. Among listed names,
Hamamatsu Photonics (6965.T, Japan) is the leader in single-photon avalanche diodes
(SPADs). Hamamatsu has received almost no quantum communication theme premium yet.

5. The Second Wave of Chinese Optical
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~——— THE CHINESE OPTICAL MARKET: WAVES, LISTINGS, AND RISK "=

{_THE FIRST WAVE & INCUMBENTS )

ESTABLISHED LEADERS NVIDIA SUPPLY CHAIN INTEGRATED CHINESE DOMESTIC & EXPORT REVENUE MIX
¢ THE SECOND WAVE & LISTING CATALYST »

SECOND WAVE OF COMPANIES PREPARING FOR IPO OR GLOBAL LISTING
Accelink Technologies (002281.57) Hisense Broadband Multimedia Henan Shijia Photons (688313.5H) Bozhon Photonics

/‘\\ — / .w >
[ ‘/ a \ 5 PHOTONICS
\ Private | 3 = = e —

\Gompany /1 |sTED ! S " CABLE-FOCUSED { " LISTED (SSE)
THE HONG KONG SECONDARY LISTING WAVE A-SHARE & HK VALUATION CONVERGENCE
2026 T Innolight 2027 > r"i"" SIGNIFICANT | o precedent

HONG KONG LISTING - HONG KONG LISTING ARBITRAGE Cambricon & SMIC
(PUBLICLY FILED) & %7 Eoptolink (COULD FOLLOW) OPPORTUNITY

~ THE CAVIAT: POLITICALRISK pr———————
U.S.-CHINA FRICTION EXTENDS INTO DEEP TECH INVESTMENT STRATEGY: HEDGING THE MIX

o ™ Innolight (
D Innolight Y Yuanjie /
DJIDIA L — _. & 5 Eoptolink J\/' Pl NoR
Y Yuanjie =¥ BENEFITS HE?E'%%—LE-E-‘

[ PORTFOLIO - ax
EXPORT-EXPOSED NAMES ~ DOMESTIC-EXPOSED NAMES

'ADR
NAMES AT RISK

& % Eoptolink
CHINESE MRS T RISKS TO DOMESTIC
EXCLUDED FROM DEMAND PLAY / SUPPLY SUTC . e
NVIDIA SUPPLY CHAIN CHAIN SUBSTITUTION SLTCUTCH, OPPORTUNITIES ) RIGHT APPROAGH

Innolight, Eoptolink, and Yuanjie are already the Chinese optical first wave. Behind them is a
second wave of companies preparing to IPO or globally list. The list includes Accelink
Technologies (002281.SZ, already listed), Hisense Broadband Multimedia (unlisted), Hengtong
Optic-Electric (600487.SH, cable-focused), Henan Shijia Photons (688313.SH), and Bozhon
Photonics (unlisted).

The most visible catalyst is the Hong Kong secondary listing wave. Yuanjie publicly filed for a
2026 Hong Kong listing, and that becomes the signal. Innolight and Eoptolink could follow with
Hong Kong listings within 2027. As the A-share and Hong Kong valuation gap converges, the
arbitrage opportunity is significant. Cambricon and SMIC showed this pattern historically.

The caveat is political risk. If U.S.-China friction extends into deep tech, Chinese optical names
could be excluded from the NVIDIA supply chain. In that case, Innolight and Eoptolink go down,
while Yuanjie benefits as a Chinese domestic-demand play. If you’re running Chinese optical
positions, splitting export-exposed from domestic-exposed names and hedging the mix is the
right approach.

Closing: Map and Timing

Optical isn’t a single stock; it's a value chain. Seven layers, each with a different revenue
structure, and 22 vertically integrated companies each holding a different structural position.
Understanding this as a map was step one.

Step two is timing. Knowing the map doesn'’t tell you when to enter. Cycle diagnosis and the
next five years’ game-changers are my view on that timing.

Three core messages.
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First, vertical integration depth and stock returns move inversely. 4-position
Cisco/Nokia/Sumitomo average +78%. 3-position group averages +855%. 2-position pure play
tops sit at +900-1,700%. Conglomerate discount, size beta, lack of discovery premium, and
cycle timing combine to produce this. What made money in this cycle was focused pure plays.
Paradoxically, Cisco’s structural moat is much deeper, but Innolight has outperformed the stock
by more than 20x.

Second, the sector overall is Valuation Late, Fundamentals Mid, Product cycle Early. The
three axes need to be split name by name. AAOI is Valuation Late + Product Early but has a
weak roadmap post-800G. Marvell is Valuation Mid + Fundamentals Early + Product Early, with
re-rating room for the late cycle. Cisco is Valuation Early, but the conglomerate structure keeps
the discount in place until a CPO transition catalyst hits. Judging the sector on averages will
mislead you.

Third, returns over the next five years are more likely to come from places that aren’t in
focus yet. CPO adoption’s passive alignment, 3D photonics and heterogeneous integration,
Optical 1/0, quantum communication, and Chinese second wave. Beyond the 50 names
covered in this piece, optical equipment/materials names like BESI, Jenoptik, Hamamatsu,
Aixtron, and Soitec, plus unlisted chokepoints (Ayar Labs, Lightmatter, HyperLight), can end up
at the center of the next wave.

Disclaimer

This article is personal analysis, not investment advice. The author is not a licensed financial
advisor, and any mention of specific securities should not be read as a buy or sell
recommendation. The author may hold positions in some of the securities discussed and may
change those positions without notice.

Market size estimates, 52-week returns, and financial figures are drawn from research firms
and public disclosures, and may differ from actual values. Sections marked as personal
speculation, along with forward-looking statements about product roadmaps, potential
acquisitions, and competitive dynamics, carry inherent uncertainty. Past performance does not
guarantee future results, and every security discussed carries the risk of loss of principal.

Investment decisions should be made independently based on your own financial situation and
risk tolerance. Any gains or losses from investments made based on this article are solely your
responsibility. This article is current as of April 17, 2026, and its contents may become outdated
quickly as conditions change.

Welcome to my Substack. Here, | share in depth analysis of semiconductor technology,
companies, and industry trends in a way that is still easy for non specialists to follow. | hope
you gain many valuable insights along the way.
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