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Fiber communications have2incumbent ‘

PICs, however... ICHTWAVE

Incumbent Incumbent

All InP All SiPh

Limited attributes InPlaser ¢/ Silaser  [] Limited attributes

InP passives / SiP passives /
InP modulator ¢ (limited) Si modulator  (limited)

InP electronics /(Iimited) Si electronics

Incumbent technologies can’t do everything monolithically...

Source: LWLG NASDAQ: LWLG e 3



New hybrid PICs

Incumbent Incumbent

Polymer, dielectrics
(Additive to SiPh or InP)

Limited attributes InPlaser ¢/ Dielectric AWGs etc Silaser  []

Limited attributes

InP passives v o (high performance) SiP passives v
InP modulator ¢ (limited) Polymer modulator Si modulator  (limited)
InP electronics /(Iimited) (fast, low power) Si electronics

Hybrid solutions

Hybrid PICs can boost performance of PICs
Source: LWLG NASDAQ: LWLG e 4



Trend towards hybrid PICs... LICHTWAVE

* PIC incumbent platforms:
* InP (Indium Phosphide) [J e.g. Hybrid PIC [J InP + Si ICs
* SiPh (Silicon photonics) [] e.g. Hybrid PIC [J SiPh + InP Laser

/ * New platforms for Hybrid PICs \

* Polymers (modulators)

 Dielectrics (passives)

* Silica (passives)

* Glass (passives)

* Thin Film Lithium Niobate (TFLN) (modulators)
* Metal/plasmonic, (modulators)

e Barium titanate (BTO) (modulators)

* Germanium (detectors)

* Gallium Nitride (GaN) (LEDs)
\ * Many others... /

Mix and match to optimize the best performance...
Source: LWLG NASDAQ: LWLG e 5



+ We need roadmaps:

Just like Nostradamus...
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LICHTWAVE

2020

Roadmap

Modules/TxRx
Data rate density

Form factor P I t Ye a r S

Typical link reach r O u C
Ind wish (@400Gbps)
Industry plan

°
Typical link reach
Ind wish (@400Gbps)

Industry plan

2019 2020 2026

InP Monolithic

SiP & InP/SiGe
hybrid

fvud Technologies

Dielectric
Photonics

GaAs (VCSEL)

Simple metrics

NASDAQ: LWLG e 8

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta



LICHTWAVE

2020 2019 2020 2026
Roadmap

Modules/TxRx
Data rate density
Form factor

Typical link reach
Ind wish (@400Gbps)

Major

Typical link reach
Ind wish (@400Gbps)
Industry plan

—— iInvestment
e iIn R&D to

Polymer

o achieve

Dielectric

Photonics g O a | S
GaAs (VCSEL) \ /

Red means major industry efforts needed for commercialization
NASDAQ: LWLG » 9

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta



LICHTWAVE

2020

Roadmap

Modules/TxRx
Data rate density
Form factor

B Purple brick

Industry plan

2019 2020 2026

Typical link reach

= wall =
e Technology
cost barrier

SiP & InP/SiGe
hybrid

Polymer
Photonics

Dielectric
Photonics

GaAs (VCSEL) \ /

We may have photonics technology [ but not at a cost for commercialization...

NASDAQ: LWLG e 10

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta



Roadmap 2020
<(OLD)

Wa rning - Eye-chart!
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_(can b?ﬂei at www.lightwavelogic.com)



HTWAVE

2020
Roadmap

Modules/TxRx | HIETTCT RN ' 800Gbps | 1600Gbps ! ! ! 3200Gbbs ]
Data rate density | IS prs/lIU ! | 100Tbps/1U ! | 400Tbps/1U1 160pTbps/1U :
Form factor | eV 2! OSFP/OBO/CP !  OBO/CP ! Co-Pkg/CoB 1 Micro-Co-Pkly/CoB ! 1
1 . . . 1
. . 1 N N N 1
Typical link reach || IEERST/ NS N <10km <2kpn ! 1<2km ! | <2km | !
Ind wish (@400Gbps) [l [IEYLEIS S : 1 $1/Gbps | 1 50.5/Gbps | 1 <80.2/Gbps 1 :
UELEUZLIEEN |1 >$5/Gbps (<ekm) : <$2/Gbps : 1 50.5/Gbps, 1 $0.2/Gbps ! |
T ' ' ' T
Typical link reach : 10-100m : | 5.50m ! : ' 1-25m : ! : :
Ind wish (@400Gbps) [ ESV/CI TR 1<$0.5/Gbps : [ rupieoia | <$0.25/Gbps I <so. 05/Gbps 1 .
Industry plan : 1 $1/Gbps ! i ' | s0. 25',/Gbps ' J|$0.15/Gbps 1
1 . . L . L L 1 .
InP Monolithic 1 100 devices : 1000 devices ! MS 1 100 000 devices ! 1 1
125GHz.  50GHz, 70GH} ' 90GHz GHz ' 1 .
I PICWDM Tx & Rf (30GHz) |0EIC Int drlver/TIA 50Gbps (50GHz) [ er/TlA 100Gbps (7DGH4) OEIC ASIG 50Gbps (50GHz) | 1
| NRZ/PAM4  NRZ/PAMA4-8 ] NRZ/PAMA4}16 Coherent cli i ! 1 .
| 3" wafer/fab 4 486" ' purplebrice N OSNIPTD . 1 .
SIRAIZSETEN [110 devices 100 devices 1000 devices ; 10,000 dev/ LI | ' 1 1
| 25GHz.  50GHg 1 70GHz (100Gbps 70GH (400Gbps) 1 ' 1 1
| PIC WDM Tx & Ry (30GHz) QEIC Int driver/TIA 50Gbps (50GHz) I OFIC Int driver/TIA 1D0Gbps (serial) | 1 |
| NRZ/PAMA4 & NRZ/PAMA4-8 INRZ/PAM4-16 | Coherent client-side Coherent D§P-less 1 1 |
Mb ] 8 Wafdr/fab 88 12" Wafer/fab___ ! : 15 ! ! ]
1q devices 100 deviceg | 1000 devices | LCCCRND devices | I 1
2l e el e [! 25GHz.  50GHz (Laser-Mod) | 70GHz (laser-Mdd) 1 100GHz (150Gbpk serial) 1 ! 1
| PIC WDM/MZ Mpd Tx & Rx  OEIC Int driver/TIA ( s|P/|nP) 50GHz ! OEIC Int dnver/T}A (Sip/InP) 7OGHz'(ser|aI) msm 1 1
| NRZ/PAMA4 & NRZ/PAMA4-8 | NRZ/PAM4-16  Coherent clieht-side | H roviesic [N 1 1
3-4” Wafer/fab | 1 4” Wafer)fab 4 & 6” Waferyfab ! 8”\Wafer/fab 1 1
| 100 devices ; 1000 {jevices 10 000 devices 1do, 0 (R ' } I ;
. ‘ : | 25GHz.  50GHg purple Brick __ TcTR7) ! 7OGHz (400Gbps) I 1 .
Dielectric Photonics | |1 M- M. OFIC Int driver/TIA soeﬂz Iht driver/TIA 70GHE ! 1 1
| NRZ/PAM4 & NRE/PAMA-8 ! NRZ/PAMA4416 Coherent cl/e_ H 1 .
| 6” Wafer/fab 8” Waferyfab 8 & 12” Wafer/fab 15" Wa er/fab 1 1 1
| 100 devices ; 1000 devices Iuoom 1 100, 00(? devices : ; :
el A6 7H |1 25GHz.  50GH Purple Brick ! 70&Hz (VCSEL-Mod) I |
( ) | VCSEL PIC 25GHJ VCSEL PIC 50 ' | VCSEL PIC|706HZ (100Gbps) : 1 !
| NRZ/PAM4 & NéZ/PAM4 8 | M-ls Coherentc/leht side 1 | 1 \ !
o & water/ion ! : e L !
Normal Black Font . Slanted Red Font
= Reasonably expected based on Purple Brick Wall = Major industry effort required for
current efforts = Technology cost barrier commercialization

Years vs product vehicles vs technologies

NASDAQ: LWLG e 12

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta



2020

LIC

HTWAVE

Tough to design
>1600Gbps TxRx
modules...

InP Monolithic IR 1000 devices

100 000 devices

2019 2020 2026
Roadmap
Modules/TxRx | HIETTCT RN ' 800Gbps | 1600Gbps! ! ! 3200Gbbs ]
Data rate density [ 25prs/lIU ! | 100Tbps/1U : | 400Tbpg/1U! 160pTbps/1U 1 :
Form factor ' Q/OSFP 1 OSFP/OBO/CP ! 0OBO/CP | ENZSTZEE ' Co-Pk 1 Micro-Co-Pk§/CoB ! 1
1 L L
Typical link reach : <10km ! <10km! <2k !
Ind wish (@400Gbps) | IEEEPICEIENNNN 1 $1/Gbps | i S0.5/Gbps
Industry plan : >$5/Gbps (<2km) : <$2/Gbps |
: "
Typical link reach : 10-100m : | 5.50m ! i ! : .
Ind wish (@400Gbps) [ [EESIV/c1 0N 1<50.5/Gbps : [ pusiesice | <50.25/Gbps | <$0.05/Gbp3 1 .
Industry plan : 1 $1/Gbps ! i | | .25/Gbps | J|$0.15/Gbps 1
1 T siz Brick
1

| 25GHz.  50GHz, 7OGHk

I

Tough to design
>70GHz
bandwidth

1
1 PICWDM Tx & R; (30GHz) IOEIC Int driver/TIA 50Gbps (50GHz) [T er/nA 100Gbps (70GH3) OEIC ASIG 50Gbps (50GHz) | d .
| NRZ/PAM4  NRZ/PAMA4-8 ] NRZ/PAMANE  Coherent cliet ! i ! 1 evices...
13" . 4~ Wifer/fab 486" Wafer/fab er/fab? . 1
SIRAZSENTIEN [110 devices (100 devices 1000 devices ; 10,000 deviER i ] 1
| 25GHz.  50GHg 1 purple Brick 70GHz (100Gbp# 7OGH}I (400Gbps) 1 : 1
| PIC WDM Tx & Ry (30GHz) QEIC Int driver/TIA 50Gbps (50GHz) I OFIC Int driver/TIA 100Gbps (serial) | 1
| NRZ/PAMA4 & NRZ/PAMA4-8 INRZ/PAM4-16 | Coherent client-side Coherent D§P-less 1 1
| 6" Wafer/fab 8" Wafdr/fab 88 10" Wafer/fab ! . ; !
1q devices 100 deviceg | 1000 devices | 1
2l e el e [! 25GHz.  50GHz (Laser-Mod) | 70GHz (laser-Mdd) 1 100GHz (150Ghpk serial) i
I pic wom/mz Mpd Tx & Rx  OEIC lnt driver/TIA ( SlP/'nP) 50GHz I QEIC Int driver/T’A (Sip/InP) 70GHz!(serial) Frirgle Fick
| NRZ/PAMA4 & NRZ/PAMA4-8 | NRZ/PAM4-16  Coherent clight-side 1 H purviemricc |
4” Wafer)fab 4 & 6” Waferyfab ! SO m e

3-4” Wafer/fab | 1
t n

8”\Wafer/fab

T
1 100 devices ; 1000 {jevices

. : . | 25GHz.  50GHg
Dielectric Photonics [l (YIS MFYM OEIC It driver/TIA 50GH:z
| NRZ/PAMA4 & NRZ/PAM4-8
| 6” Wafer/fab. 8” Waferyfab
| 100 devices ! 1000 devices

| 25GHz.  50GH3
| VCSEL PIC 25GHJ
| NRZ/PAM4 & NI*Z/PAM4 8 I
L 6 Waler/fob !

GaAs (VCSEL)

' NRZ/PAMA4416 Coherent cl/e

Purple Brick
vesE} pic soSREETTTN

10 000 devices
Purple Brick

1q0,0 I I
GHZ i 7OGH1

Iht driver/TIA 70GHE

8 & 12” Wafer/fab

1100 (TN

100,000 devices
70&Hz (VCSEL-Mod) '

15”7 Wa ‘er/fab

1
1
1
| VCSEL PIC0GHz (100Gbps) 1
1
1

(400Gbps)

Normal Black Font
= Reasonably expected based on
current efforts

Purple Brick Wall

= Technology cost barrier

Slanted Red Font
= Major industry effort required for
commercialization

Where we penetrate the ‘Purple Brick Wall’?

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta

higher
performance...

technologies have

NASDAQ: LWLG e
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Hybrid PIC roadmap - datacom CHTWAVE

2022 Roadmap 2024

Modules/TxRx i 800Gbps ! : 1600Gbps : 3200Gbps 6.4Tbps 12.8pr:vs 25.2Tbps | 50.4Tbfis :
Data rate density 25 Tbps/1U | ! 50Tbps/1U , 100Tbgs/1U 400Tbps/{U 800Tbps/1U ! '
Form factor Q/OSFP | OS{P/OBO/CP 1 OSFP/OBO/CP| Micro-OSkP/0BO/CP : :
Typical link reach <10km <10km | <2k | 1<2km i | <2km ! i
Ind wish (@800Gbps) <$1/Gbps ' ! $0.5/Gbps | 50.25/Gbps i ! <$0.1/Gbpsi ! i
1 N 1
Industry plan $1-5/Gbps (<2!<m) : <$1/Gbps: <$0.5/Gpr§ <$(?.2/Gbps : <50.1/Gbps : :
1 1 1 1 1 1 1 1 1
Typical link reach 10-100m 1 | 5-100m | \ 1-100m | | ! i
Ind wish (@800Gbps) <$0.5/Gbps i 1<$0.25/Gbps | <S0.1/Gbps i | <$0.05/Gbps i ' i
Industry plan $1-3/Gbps 1 <$1/Gbp:s <$0.5/Gbps $0.25/Gbps i <50.15/Gbps, i !
! 1 T T T T T I T
ACTIVE PLATFORM
Silicon Photonics
Modulator
Indium Phosphide
Laser/Modulator
EO Polymer
Modulator
Metal/plasmonic EO polymer
Modulator
BTO
Modulator
TFLN
Modulator
PASSIVE PLATFORM
Silicon Photonics
WG/SSC/Mux/Coupler
Dielectric/Glass/Silica
WG/SSC/Mux/Coupler
InP
WG/SSC/Mux/Coupler
Polymer
WG/SSC/Mux/Coupler
Normal Black Font Slantgd Bed Font .
= Reasonably expected based on current = Major industry effort required for
efforts = Technology cost barrier commercialization

NASDAQ: LWLG e 15

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta
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Hybrid PIC roadmap - datacom CHTWAVE

2022 Roadmap 2024 2026 @ 2028 = 2030.....c.eier eennn

Modules/TxRx i 800Gbps 600Gbps : 3200Gbps 6.4Tbps 12.8Tb;:vs 25.2Thps

1 1

1 1

Data rate density 25 Tbps/1U | | 100Tbgs/1U 400Tbps/{U !

s e Q/OSFP | OSFP/OBO/CP} Micro-OSkP/OBO/CP |

Typical link reach <10km ' <10km ! <2knh ! 1<2km ! | <2km :

Ind wish (@800Gbps) |Gl | ~Q/cbps | 20.25/Gbps | <o01/6bps, :

Industry plan ; E <$1/Gbpsi | Purple Brick wall | , <$0.5/Gbp:§ <$l?.2/Gbps i <50.1/Gbps i

] 1 ] 1 ] 1 ] 1

Typical link reach 10-100m 1 | 0om | \ 1-100m | | i

1

Ind wish (@800Gbps) <$0.5/Gbps | 1<s0f5/Gbps ! <$0.1/Gbps | ! <$0.05/Gbps | :
1 1 1 1

Industry plan $1-3/Gbps 1 <$1/Gbps $0.5/Gbps 50.25/Gbps i <50.15/Gbps, !

T T T T T

ACTIVE PLATFORM
Silicon Photonics
Modulator
Indium Phosphide
Laser/Modulator
EO Polymer
Modulator

Enlarged next-slide

Modulator
TFLN
Modulator
PASSIVE PLATFORM
Silicon Photonics
WG/SSC/Mux/Coupler
Dielectric/Glass/Silica
WG/SSC/Mux/Coupler

InP
WG/SSC/Mux/Coupler
Polymer
WG/SSC/Mux/Coupler

Normal Black Font Purple Brick Wall Slanted Red Font
= Reasonably expected based on current = Major industry effort required for
efforts = Technology cost barrier commercialization

NASDAQ: LWLG e 16

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta
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Hybrid PIC roadmap - datacom CHTWAVE

2028 2030....

' 3200Gbps 6.%1pr5 12.8Tbés 25.2Thps :
100Tbgs/1U 400Tbps/{U 800Tbps/
OSFP/OBO/CP Micro-OSFP/OBO/CP |

: :<2km :

| $0.25/Gbps | :

<$1/Gbps <$0.5/Gbp} <$Q.2/Gbps
|

Purple Brick Wall

<$0.1/Gbps

1-100m
<S50.1/Gbps

|
|
|
|
|
|
|
s

Purple Brick Wall
|
.25/Gbps

NAAA/

N . (RPN N




Hybrid PIC roadmap - datacom CHTWAVE

2022 Roadmap 2024

Modules/TxRx
Data rate density
Form factor

Typical link reach

Ind wish (@800Gbps)
Industry plan
Typical link reach
Ind wish (@800Gbps)
Industry plan
ACTIVE PLATFORM . i . i | | . ! | |
Silicon Photonics ! TW carrier inj, TW carrier|inj iMicro Ring resofator iMicro Ring resohator ' ! '
Modulator : 25-35GHz (4-6V) 35GHz (3|-6V) 50GHZ (2-6V) : 7OGH2: (2-6V) : : :
Indium Phosphide ' PIC DD/Cohereht DFB/DBR/SOAI 1310/1550nm : OEIC Tx/Rx DD/Coh with Sl ! OEIC Tx/Rx DD{Coh with LS| ! !
EEIYVEEDEIA |1 30-40GHz (1-4V)  35-50GHE (1-5V) 60GHz (2-8V) 1 80GH:z (3J10V) ! :
EO Polymer 1 Slot wavegmde'1310/1550nm | Integrated PIC élot W/G 1310/1550nm ! 1
e [ 70GHz (<1v) . ! 100GHz (<O. 5vI) 110Gz (<0.5V) I 150GHz (<1V) ! 170GHz
Metal/plasmonic EO polymer || S AN AL 1310/1550nm | Coh/DD slot L/E PIC 1310/1550nm : L | |
EENEEA ! 100GH: (5-10\) | 150GHz (3-8V): ! 200Gt (1-5V) 300GHz (1-3V) + 400GHz
BTO | Integrated W|th|S|Ph/CMOS | Integrated PIC with cMOs | | ' i
Modulator ' 20-30GHz | ' 30-40GHz | SOGP(z 170GHz : ! :
TFLN : Multi-channel array 'Integrated PIC with SiPh !Integrated PIC with CMOS ' ,_" ' |
WL |1 50GHz (3-8V) ! I 70GHz (2-5V) ! I 90GHz (2-5V) ! 100GHe ! !
PASSIVE PLATFORM T T T T T T T T 1
Silicon Photonics
WG/SSC/Mux/Coupler
Dielectric/Glass/Silica
WG/SSC/Mux/Coupler
InP
WG/SSC/Mux/Coupler
Polymer
WG/SSC/Mux/Coupler
Normal Black Font Slantgd Bed Font .
= Reasonably expected based on current = Major industry effort required for
efforts = Technology cost barrier commercialization

NASDAQ: LWLG e 18

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta
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Hybrid PIC roadmap - datacom CHTWAVE

2022 Roadmap 2024

Modules/TxRx
Data rate density
Form factor

Typical link reach
Ind wish (@800Gbps)
Industry plan

Typical link reach
Ind wish (@800Gbps)

Industry plan

ACTIVE PLATFORM

1
Silicon Photonics TW carrier inj | TW carrier inj 1Micro Ring resofator IMicro Ring resohator '
Modulator 25-35GHz (4-6V) 35GHz (3p6V) SOGHz (2-6V) ! 70GH2 (2-6V) !

Indium Phosphide PIC DD/Cohereht DFB/DBR/SOAI 1310/1550nm : OEIC Tx/Rx DD/Coh with Sl ! OEIC Tx/Rx DDJCoh with LSI
Laser/Modulator 30-40GHz (1- 4V) 35- SOGHz (1-5V) GOGHz (2-8v) ! 80GHz (3J10V) !

EO Polymer Slot wavegmde'1310/1550nm | Integrated PIC élot W/G 1310/1550nm ! !
Modulator 70GHz (<1V) ! 100GHz (<O. svb 110Gz (<0.5V) | 150GHz (<1V) 170GHz
1 1
Metal/plasmonic EO polymer Slot L/E PIC 1310/1550nm | Coh/DD slot L/E PIC 1310/1550nm ! L [
[EEITER |\ 100GH: (5-10V) | 150GHz (3-8V): ! 200Gt (1-5V) 300GHz (1-3V) 400GHz
1
1
1
1

BTO 1 Integrated W|th|S|Ph/CMOS Integrated PIC with cMOs | |
Ve || 20306H 30-40GHz | s06Hz ' 70GHz !
TFLN : Multi-channel array 'Integrated PIC with SiPh !Integrated PIC with CMOS ' |
1
1

WEEDTEEI |! 50GHz (3-8V) ! 1 70GHz (2-5V) ! 1 90GHz (2-5V) [T

Silicon Photonics
WG/SSC/Mux/Coupler
Dielectric/Glass/Silica
WG/SSC/Mux/Coupler
InP

WG/SSC/Mux/Coupler
Polymer
WG/SSC/Mux/Coupler

Normal Black Font Purple Brick Wall Slanted Red Font
= Reasonably expected based on current = Major industry effort required for

efforts = Technology cost barrier commercialization

NASDAQ: LWLG e 19

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta



Hybrid PIC roadmap - datacom | CHTWAVE

2022 Roadmap 2024

ACTIVE PLATFORM
Silicon Photonics

. ; . i i | | |
| TW carrier inj | TW carrierlinj \Micro Ring resohator \Micro Ring resohator i
VLl |1 25-35GHz (4°6V) 35GHz (3:%(/) 50GHz (2-6V) ! 70GHz2 (2-6V) !
Indium Phosphide : PIC DD/CohereD)t DFB/DBR/SON 1310/1550nm : OEIC Tx/ﬁx DD/Coh with MISI : OEIC Tx/Rx DD}’S&I’J with LSI
EO Polymer | Slot waveguide! 1310/1550nm ! Integrated PIC glot W/G 1310/1%50nm I
|

|
| |
Modulator 70GHz (<1V) | 100GHz (<0.5 110GHiz (<0.5V) : 150GHz (<1V)
| | | | [ |
LSRR el LT | Slot L/E PIC 1310/1550nm Coh/DD slot L/E PIC 1310/1550nm ! '
Modulator i 100GHz (5-10M) 150GHz (3-87}! ! 200GHz (1-5V) Dialaaicdil 300GHz (1-3V)
BTO i Integrated withSiPh/CMOS Integ'rated PIC with CMOS : '
Modulator | RENCT LI 30-40GHz | 50GHz

|

|

|

TFLN | Multi-channel array Integrated PIC with SiPh :Integrated PIC with CMOS |
Modulator | HESIIER:VR 70GHz (2-5V) 1 Y | 90GHz (2-5V) IFITIIT !

DACCNIC DI ATENDAA

70GHz

|

I

|
100GHz

|

NASDAQ: LWLG e 20

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta
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Hybrid PIC roadmap - datacom CHTWAVE

2022 Roadmap 2024

Modules/TxRx 800Gbps ! : 1600Gbps : 3200Gbps 6.4Tbps 12.8Tbés 25.2Tbps 50.4Tbps !
1
Data rate density 25 Tbps/1U | ! 50Tbps/1U , 100Tbgs/1U 400Tbps/{U 800%bps/1U ! '
Form factor Q/OSFP OSEP/OBO/CP | OSFP/OBO/CP! Micro-OSFP/OBO/CP 1 ! |
Ind wish (@800Gbps) <$1/Gbps | : $0.5/Gbps ple Brick Wall ' $0.25/Gbps : bo<so. l/Gbps: i :
Industry plan $1-5/Gbps (<2!<m) : <$1/Gbps <$0-5/Gbp|§ <$l?.2/Gbps | <50.1/Gbps : :
] 1 ] 1 ] 1 ] 1 1
Typical link reach 10-100m 1 | 5-100m : \ 1-100m | | ! i
1
Ind wish (@800Gbps) <$0.5/Gbps 1 1<$0.25/Gbps | <$0.1/Gbps | | <$0.05/Gbps | ' :
1 1 1 1 1 1 1
Industry plan $1-3/Gbps 1 <$1/Gbps  <50.5/Gbps $0.25/Gbps ! <50.15/Gbps | !
1
T T T T T T T 1 T
ACTIVE PLATFORM 1 | 1 | 1 1 ! i :
Silicon Photonics TW carrier inj | TW carrierlinj iMicro Ring resofator iMicro Ring resohator ' ! '
Modulator 25-35GHz (4-6Y) 35GHz (3t6V) 50GHz (2-6V) ! 70GHz (2-6V) : : !
Indium Phosphide PIC DD/Cohereht DFB/DBR/SOA!1310/1550nm | OEIC Tx/Rx DD/Coh with MSI ! OEIC Tx/Rx DD{Coh with LSI ! !
BEJZLENTEICIS |1 30-40GHz (1-4Y)  35-50GHE (1-5V) BOGHz (2-8V) ! 80GHz (3410V) ! !
EO Polymer Slot waveguidei1310/1550nm | Integrated PIC slot W/G 1310/1550nm 1 \ | .
Modulator 70GHz (<1V) | ! 100GHz (<0.5V) 110GHiz (<0.5) | 150GHz (<1V) ! 170GHz
Metal/plasmonic EO polymer Slot L/E PIC 1330/1550nm ! Coh/DD slot L/E PIC 3310/1550nm | ! ' !
Modulator 100GHz (5-10\)) ! 150GHz (3-8V)! ! 200GHz (1-5V) 300GHz (1-3V) 1+ 400GHz
BTO Integrated with\SiPh/CMOS | Integrated PIC with CMOS . ! . !
Modulator [ HEELCEIN ! 30-40GHz ! 50GHz 170GHz ! !
TFLN | Multi-channel afray lIntegrated PIC With SiPh ! Integrated PIC with CMOS ! ! !
Modulator 50GHz (3-8V) ! ! 70GHz (2-5V) ! ! 90GHz (2-5V) ! 1006‘”:2 :
PASSIVE PLATFORM T T T T T T T T
Silicon Photonics Coherent/DD P!C w/Mux/SSC/PIII)/GC + LD sourcér' 1 SSI OEIC IC+SiPI:I w/LD/MRR : MSI OEIC IC+SiP|h +LD/MRR :
WG/SSC/Mux/Coupler 30-40GHz i i 50GHz ! 70GHz 180GHz i |
Dielectric/Glass/Silica PIC w/Mux/SSG'/PD/GC + LD soyrce I SSI PIC with SiPh w/LD/Hybrid modulator | MSI PIC with Sirh w/LD/Hybrid fhodulator
WG/sSC/Mux/Coupler || RSN | S0GHz | 70GHz i 100GHz | 120GHe i
InP Coherent/DD PiC w/Mux/SSC/PIID/GC +LD sourcclz | SSI OEIC w/HybIrid modulator 1 MSI OEIC w/HyiJrid modulator 1
WG/SSC/Mux/Coupler [ HENEIVE LI, 50GHz | | 70GH: |\ 100GHz | 120GHy !
Polymer Integrated PCBJinterposer w/Miix/SSC/PD/GC + LD source ! PCB/Interposel w/Mux/SSC/PDJGC w/LD/Hybrid modulator !
WIS | 30-40GHz ! 50GHz ! 70GHz 80GHz ! 90GHz ! :
I 1 1 1 1 !
Normal Black Font Purple Brick Wall Slantgd Bed Font .
= Reasonably expected based on current = Major industry effort required for
efforts = Technology cost barrier commercialization
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LICHTWAVE

2022 Roadmap 2024

Modules/TxRx 800Gbps ! : 1600Gbps : 3200Gbps 6.4Tbps 12.8Tbés 25.2Tbps | 50.4qus !
Data rate density 25Tbps/1U | | 50Tbps/1U | 100Tbgs/1U 400Tbps/}U 800tbps/1U ! !
Form factor Q/OSFP 1 OSEP/OBO/CP | OSFP/OBO/CP Micro-0Skp/0BO/CP ! |
Typical link reach <10km ' <10km | <2krh ! 1<2km ' | <2km ! |
Ind wish (@8OOGbps) <$1/Gbps ' : $0.5/Gbps ple Brick Wall ! 50.25/Gbps ! ! <$0.1/Gbps: ! :
Industry plan || ek | <$1/Gbps IIIUITINN  <50.5/Gbos <84.2/Gbps | <$0.1/Gbps | |
] 1 ] 1 ] 1 ] 1 1
Typical link reach 10-100m 1 | 5-100m : | 1-100m | |
Ind wish (@800Gbps) <$0.5/Gbps ! :<$0.25/Gbps -~ <50.1/Gbps | : <50.05/Gbps : PU rpl ere gl on
Industry plan $1-3/Gbps 1 <$1/Gbps  <50.5/Gbps $0.25/Gbps ! <50.15/Gbps
I [ T 1 T T T
ACTIVE PLATFORM i ! i ! i ! : shows trends Of
Silicon Photonics TW carrier inj | TW carrier inj 1Micro Ring resofator 1Micro Ring resohator ' p
Modulator 25-35GHz (4-6Y) 35GHz (3L6V) 50dHz (2-6V) : 70GH2 (2-6V) ' t h e p ur p | e
Indium Phosphide PIC DD/Cohereht DFB/DBR/SOA!1310/1550nm | OEIC Tx/Rx DD/Coh with MSI ! OEIC Tx/Rx DD}
Laser/Modulator 30-40GHz (1-4Y) 35-50GH% (1-5V) BOGHz (2-8V) ! 80GHz (3410V) ! : ’
EO Polymer Slot waveguide:1310/1550nm | Integrated PIC slot W/G 1310/1%50nm ] . | b rl C k Wa I I D
Modulator B HRACAGNIIN | 100GHz (<0.5V) 110GHiz (<0.5) i 150G
Metal/plasmonic EO polymer Slot L/E PIC 1330/1550nm ! Coh/DD slot L/E PIC 3310/1550nm | ! ' areas t h at nee d
- 100GHz (5-10\)) ! 150GHz (3-8V)! ! 200GHz (1-5V) !
BTO ! Integrated with\SiPh/CMOS | Integrated PIC with CMOS i ! . t 0o b e
Modulator [ HEELCEIN ! 30-40GHz ! 50GHz 170GHz !
TFLN ' Multi-channel afray 'Integrated PIC with SiPh 'Integrated PIC with CMOS ! !
Modulator JHESGACE YR | 70GHz (2-5V) | | 90GHz (2-5V) | 1006+ | Q ddressed
PASSIVE PLATFORM T T T T T T T .
Silicon Photonics Coherent/DD PIC w/Mux/SSC/PIII)/GC + LD sourcé 1 SSI OEIC IC+SiPI:| w/LD/MRR ! MSI OEIC IC+SiR Se r | 0 u S Iy
WG/SSC/Mux/Coupler [ EILIC s AN I 50GHz 70GHz 180GHz |
Dielectric/Glass/Silica PIC w/Mux/SSd/PD/GC + LD soyrce : SSI PIC with SiPh w/LD/Hyh'>rid modulator | MSI PIC with Sip o '
WG/sSC/Mux/Coupler || RSN | S0GHz | 70GHz i 100GHz | 120GHe | i
InP Coherent/DD PiC w/Mux/SSC/PIID/GC +LD sourcclz | SSI OEIC w/HybIrid modulator 1 MSI OEIC w/HyiJrid modulator 1 |
)M 7e I |1 30-40GHz 50GHz ! 70GH: | TN 100GH: | 120GHy ! |
Polymer Integrated PCBJinterposer w/Miix/SSC/PD/GC + LD source ! PCB/Interposel w/Mux/SSC/PDJGC w/LD/Hybrid modulator ' y
WG/SSC/Mux/Coupler 30-40GHz ' 50GHz ! 70GHz 80GH:z ! 90GHz ' ! '
1 1 I 1 I 1 1
Normal Black Font Purple Brick Wall Slantgd Bed Font .
= Reasonably expected based on current = Major industry effort required for
efforts = Technology cost barrier commercialization
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LICHTWAVE
2022 Roadmap U 024 026 025 030 '
410
Modules/TxRx 800Gbps ! ' 1600Gbps : 3200Gbps 6.4Tbps 12.8Thp, 5 Qudeaia AN
Data rate density 25 Thps/1U | ! 50Tbps/1U | 100Tbgs/1U 400Th U Challenge for prS
Q/OSFP OS§P/OBO/CP | OSFP/OBO/CP} urple Brick Wa Mi . .
I (L / ; , ; e ik transceivers — is
Typical link reach <10km ' <10km | <2krh ! 1<2km ' y<2km ; ; ?
Ind wish (@800Gbps) | NG | 50.5/Gbps | $0.25/Gbps | : /Ghps| this possible
Industry plan $1-5/Gbps (<2km) : <$1/GbPS| <50.5/Gbpls <50.2/4 | <80.1/Gbps | :/
Typical link reach JETENE D | 5100m | | | 1-100m Challenge for cost per
Ind wish (@800Gbps) [HRSEVCLN 1<$0.25/Gbps 1 <50.1/Gbps | Gbps (@800Gbps) —
Industry plan $1-3/Gbps ! <$1/Gbpls <$0.5/Gbps|. 5q,25/@bp5 )

AC VL TLALT VIV 1 | 1 1

iMicro Ring resofator

s0QHz (2:6V) |

TW carrier inj | TW carrier inj

5-35GHz (4-6Y) 35GHz (3L6V)
PIC DD/Cohereht DFB/DBR/SOAI1310/1550nm |
0-40GHz (1-4Y) 35-50GH {-5V) BOGHz (2-8V) !
lot wavegu|de|1310/1550nm 1 C slot W/G 1310/1550nm i
70GHz (<1V) 1 |

110GHiz (<0.5) i
lot L/E PIC 1330/1550nm D slot L/E PIC 3310/1550nm
100GHz (5-10V)

tegrated withSiPh/CMO
20-30GHz !

Silicon Photonics
Modulator
Indium Phosphide
Laser/Modulator
EO Polymer

Modulator
Metal/plasmonic EO polymer
Modulator
rated PIC with CMOS |

Purple Brick Wall

BTO
Modulator i
ted PI§with SiPh

TFLN

Modulator ! 90GHz (2-5V) !

Trend for higher

1
1
iMicro Ring resohator '
1
1

OEIC Tx/Rx DD/Coh with NS

80GHz (3110V) !
1

! ZOO}GHz (1-5V)

50GHz
lntegrated PIC with CMOS !

cost metrics?

70GH2 (2-6V)
' OEIC Tx/Rx DDJCoh with LSI

Purple Brick Wall

1
150GHz ' 170GHz
1

: 70GHz

100GHz

Purple Brick Wall

ATCNADAA T T T

integration with a

LD sourcé
\ . 1 urple Brick Wal 7OGH
8 || hybrid PIC — are we | :
5C/Mux/Coupler going to see i 70GHz ]
. LD source
/e i ir~ypler electronics, and L 706H | T,

PD/GC + {D source :

Hybrid modulators

higher integration

1 551 OEIC IC+SiPH w/LD/MRR

SSI PIC with SlPh w/LD/Hybrld modulator | MSI PIC with Sll{’h w/LD/Hyb

|

|
| SSI OEIC w/HybIrid modulator 1 MSI OEIC w/Hybrld modulat
100GHz ! 120GHy
PCB/Interposet w/Mux/SSC/PDJGC w/LD/Hybrld modulator

80GHz
1

Hybrid
technologies with
natural speed/low
power —when will
they be
implemented?

: MSI OEIC IC+S|Ph +LD/MRR
|SOGHZ

100GHz !

120GH, ;

| 90GHz

— will they be key levels with — I
for PICs this mix/match Purple Brick Wall
decade? I technologies? hnology cost barrier

Slanted Red Font
= Major industry effort required for
commercialization

Sources: LWLG, iNEMI, AIM Photonics, Photon Delta
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Company address

369 Inverness Parkway, Suite 350
Englewood, CO 80112

lightwavelogic.com
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LICHTWAVE

2022

Roadmap
Packaging) 400Gbps 1 i 800Gbps ! 1GOOGbps: 3200(1'5;:5 ! 6400Gbps
25 Tbps/1Y i ' 100Tbps/1U | ! 400Tbps/1U; 1600Tbps/1U |
Q/OSFP_1 osFp/oBo/cP ! 0Bo/cP | IEEZIZEE ' Co-Pkg/CoB | Micro-Co-Pkg/CoB 1
1 1 ) T ) T T
<10km ! <10kmy <2kn : '<2km | ' o<okm !
$2/Gbps ! ! $1/Gbps 1 ! 50.5/Gbps ! ' <$0.2/Gbps X
1 1
>$5/Gbps (<gkm) I <$2/Gbps ! | 50.5/Gbpd | 50.2/Gbps 1
1 1 1 L
10-100m ! | 5Som ! : '125m ! :
<$1/Gbps 1<50.5/Gbps ! EEISEE  <50.25/Gbps | <$0.05/Gbps 1
| $1/Gbps ! . ! $0.23/Gbps | %0.15/Gbps
' | T | i [ . .
Butterfly ! micro-butterfly 1 PurpleBri:k nuno-butterfly ! 1 H
50GHz. 100GHz l? 1150GHz | ' | 200GHz ! :
Form factor: PIthlps <10 functlon! 10-50 functions I 140-200 functions : 500functi0ni

SOIC (<50 lead) | | micr{:-smc (<50 lead :
25GHz. 50|GHZ : 1 70GHz (1OOGbps NRZ 1
Connectorized SI\‘I/MM fiber Fiber gibbons 1x12/24 ! \ ! 2D fiber ribbons Ix24/48
Flip-chip bumplni to pcb <100 bumps <250 bumps 1 <1000 bumps
Thermal passive heat management ! advanced thekmal designs

1

(1 OUﬂ/ead)

1
100GHz (.zsosbps NRZ)
2D fiber ribbops >500 fibers

<10,000 bumps
1

———-fd---

1

1

1

1
1000 devices

1

!
Flip-chip bump (§00) : 10000 devicéls 100,000 gevices 1
Interconnect bandwidth 25GHz. | 50GHz 70GHz 100GHz Purple Brick 1 200GHz
Wafer format 15pmm 1 200mm 1 300mm 450mm 1

Fiber to PIC packiging (grating/edge)
2D Integration |

Purple Brick
micro- optlcs to PIC packaglig (grating/edge) Iter;user to PIC packagmg (edge/evanesclfnt)
Purple Brick

2.5D ptegratlon 3[5 integration 1

2 chips lli chips 1 30 chips : 50 ch/ps 1
25GHz. 5QGHz ' 1 1OGHz purple Brick 1506‘ 7 1
2D Integration (glectronic IC on PIC] 2.5D |nteérat|on (electronlcic and PIC on carrl!r PICon /nlerposer (Optical) |
Active cooling (sfandard TEC) Custohized TEC/controlfer Purple Brick mjcro-TEC pkg with P/C TEC mtegrared directly PIC |
Passive cooling (§td heat spreaders), Purple Brick ! Graphene basedmaterials. /n egrated with PIC Pkg.  Integrated wiith PIC

T 10 devices [} 100 d!lzvices . 1 : Purple Brick 1000 devices ]

1 25GHz. 50GHz , 70GHz ! , N ! !

1 Single die twlin die multiple die 2D I multipie d/q 3D/fan out interdonnect mu/tible die 3D/double dded
Optical platform k50mm Optlc#l platform ZOOmmI Purple Brick optical p/atform 300'{nm 1 !

Electronic and pHotonic PIC 2D package electronid and photonics PIG 2.5D pack 1 C 3D pac’gge platform

Purple Brick

CoC = Chip-on-Carrier

A PIC Packaging roadmap...trends towards chip scale packaging/Testing-Assembly-Packaging (CSP-TAP)

Source: Lightwave Logic, EPIC
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2022

LICHTWAVE

Roadmap
Packaging) I 400Gbps I i 800Gbps | 1600Gbps! 3200@;%;:5 ! 6400Gbps I
| 25Tbps/1y i ! 100Tbps/1U | IEZZXZZMM ' 400Tbps/1U; 1600Tbps/1U | !
1 Q/OSFP | OSFP/OBO/CP ! 0BO/CP | ! Co-Pkg/CoB i Micro-Co-Pkg/CoB 1 1
1 | 1 n 1 n 1 1 1
| <iokm ! <10kmy <2kn : '<2km | ' o<okm ! !
| $2/Gbps 1 $1/Gbps i EXICTEl | 50.5/Gbps ! ! <$0.2/Gb;75 i .
1 >$5/Gbps (<gkm) ) <$2/Gbp>s | EIIETEM . 50.5/Gbpd \ S0.2/Gbps 1 1
L 1 1 1 L 1
T I [ 1 \ 1 1
10-100m 5-50m ! I 1-25m '
1 1 ! 1 { 1 1 1 1
| <$1/Gbps 1<50.5/Gbps : EEISEE  <50.25/Gbps | <S$0.05/Gbps | ; AS per the
1 I $1/Gbps ! i ! purple Brick $0.23/Gbps ' 480.15/Gbps 1 oy
: : . : . : j : : - silicon
; gggﬁzﬂy I'OGHZ micro—l?utterfly :15OGH nlnnn—bunmf/y : o : ; : .
1 1 GHz
: Form factor: PIthlps <10 functlon! 10-50 fur]lctions : 1[')0—2L'/L/functions : 500functi0nil e I e Ct ro n I CS

| "SOIC (<50 Iead)
| 25GHz. 5

1
I Hz !
| Flip-chip bumplni to pcb <100 bumps
| Thermal passive heat management !

micr{:—SOlc (<50 lead .
1 7OGHz(1OOGbps NRZ 1

| Connectorized SI\‘I/MM fiber Fiber rlbbons 1x12/24 !

T

2D fiber ribbons 2x24/48
<250 bumps | <1000 bumps !
advanced thekmal designs

(100+lead)

100GH: (130Gbps NRZ)

i
R
1

I Fiber to PIC packhging (grating/edgh)
| 2D Integration I

1

1

1

1
1000 devices

1

1
1

1 1 ! ! . .

1 Flip-chip bump (300) : 10000 devicéls 1 Purple Brick 100,000 gevices

I Interconnect bandwidth 25GHz. 50GHz 70GHz lt?OGHz

I Wafer format 15pmm 1 200mm 1 300mm 450mm

3[:) integration

Furplu!lld( |
micro- optlcs to PIC packagirlg (grating/edge) Ircroscr to PIC pa(/(ugmg (cdgc/cvanescl’nt)
Purplenrlck

2.5D ptegratlon

industry [
Chip scale
packaging
(CSP-TAP)

n

1 2 chips IQChlps 1
| 25GHz. 5(GHz '
1 2D Integration (eiectromc ICon PIC]

30 chips :

2.5D |nteérat|on (electromcic and
I Active cooling (s{andard TEC) Custommized TEC/controljer

70GHz

l 50 rh//)s: 1

Purple Brick 150GHz i 1
PIC on carrigr PICon /'nllerposer (Optical) |

mjcro-TEC pkg with PIC

TEC integrated directly PIC |

Optical platform k50mm
Electronic and pﬂotonlc PIC 2D package

Optlc#l platform ZOOmmI
electronid and photonics PIG 2.5D package

Purple Brick
1

optical platform SOUIrnm 1

| Passive cooling (§td heat spreaders) Purple Brick N Graphene based\materials. Infegrated with PIC Pkg. Integrated whth PIC
T10 devices 1 100 d!lzvices 1 : Purple Brick 1000 :devices 1 I

1 25GHz. 50GHz , 70GHz : i FrRE | ! !

1 Single die twlin die multiple die 2D Purple Brick multipie dig 3D/fan out interdonnect mu/tible die 3D/double sided

1 C 3D package platform !

Normal Black Font
= Reasonably expected based on
current efforts

Purple Brick Wall

= Technology cost barrier

Slanted Red Font
= Major industry effort required for
commercialization

CoC = Chip-on-Carrier

A PIC Packaging roadmap...trends towards chip scale packaging/Testing-Assembly-Packaging (CSP-TAP)

Source: Lightwave Logic, EPIC
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