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Safe Harbor e

The information in this presentation may contain forward-looking statements
within the meaning of the Private Securities Litigation Reform Act of 1995. You
can identify these statements by use of the words "may," "will," "should,"
"plans," "explores," "expects," "anticipates," "continue," "estimate," "project,"
"intend," and similar expressions. Forward-looking statements involve risks
and uncertainties that could cause actual results to differ materially from
those projected or anticipated. These risks and uncertainties include, but are
not limited to, general economic and business conditions, effects of continued
geopolitical unrest and regional conflicts, competition, changes in technology
and methods of marketing, delays in completing various engineering and
manufacturing programs, changes in customer order patterns, changes in
product mix, continued success in technological advances and delivering
technological innovations, shortages in components, production delays due to
performance quality issues with outsourced components, and various other
factors beyond the Company's control.
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. A new technology that
A el

[ELatest Press Release [E3Latest Media Coverage

2 Jun 19,2019
Lightwave Logic Makes the Case
for its Energy-saving Designer
Molecules at ECOC 2019

PIC International 2019
Surpasses Expectations, Sets
New Benchmarks (LWLG wins
one of the awards)

ABOUTUS TECHNOLOGY INVESTORS NEWS&MEDIA RESOURCECENTER CONTACTUS CAREERS

E3Resource Center Updates

World Technology Mapping Forum
Presentations & White Papers

2019 Annual Meeting of Stockholders

Creating Solutions For Moving More Data. Faster, Easier And Simpler.

|| be pOSted at Wébs_ite LIBHTWAVE LOGIT.

www.lightwavelogic.com

Sit back...relax...
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LIGHTWAVE LOGIC

1 Key trends
L Target Markets: large & facing a growing gap

. Market environment
J Market gap
J Market technology opportunities
) Faster devices,
J Lower power,
J Lower cost,
J Robustness

J Roadmap update
J Summary

NB: These green bars give a summary of each slide
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Network cost and energy have
pecome the new hot spot for data
providers. This is the problem we
seek to address,

| =

LIGHTWAVE LOGIC

Cost and energy are now focus areas...
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The problem is the speed limit of the optics. ..

* The Network is falling behind the traffic growth

100
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@ 440 c
0
E 22%/
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O
Data center traffic (AU)
0.001 Switch chip capacity
Per-lane interface rate
0.0001
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Source: Peter Winzer, Nokia, “Scaling Optical Networking Capacity: Options and Solutions”

Huge data volumes are enabled by low cost and energy for computation and
storage. Thank you Moore’s Law for semiconductors.

The big data pipes inside datacenters, between datacenters, and from datacenters
to end-users are fiber optic. The problem? No Moore’s Law for optics.

Radical innovation is needed...
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Delivering radical innovation. ..

Faster devices® Lower Power

Photonics must deliver solutions:

(Low voltage)

L

LIGHTWAVE LOGIC

Lower cost Robust
(Easy fab) (Stable)

To enable faster, lower power, lower cost internet...

Source: Lightwave Logic (LWLG)
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Delivering radical innovation. ..

Photonics must deliver solutions:

Lower cost Robust
(Easy fab) (Stable)

Faster devices}! Lower Power
(100GHz+) (Low voltage)

To enable faster, lower power, lower cost internet...

Source: Lightwave Logic (LWLG) 8/19/2020 Page 8 | © Lightwave Logic, Inc.
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Faster devices. ..
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LIGHTWAVE LOGIC,

Modulation

1
Complexity // p
L~
//
1Gbps: 1 lane x 1Gbps 5 A
(1990s) Fasy wd
i
10Gbps: 1 lane x 10Gbps // _
(circa 1999-2000) Tougher /
40Gbps: 4 lane x 10Gbps 2 — '
(early 2000s) 1Gbps
Tougher 1

100Gbps: 4 lane x 25Gbps

‘ (early 2010s) -
Difficult
‘ 400Gbps: 4 lane x 50Gbps PAM4

400Gbps: 8 lane x 25Gb
(2015 onw

Much more difficult

800Gbps
1600Gbps

Things get tougher with increasing data rates l

Source: Lightwave Logic 8/19/202 Page 11 | © Lightwave Logic, Inc.



LIGHTWAVE LOGIC

Good roads: Faster cars: More lanes: more traffic capacity

more traffic capacity

Already did the easy things like paving the road and adding more lanes
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LIGHTWAVE LOGIC

More symbols per bit is
effectively piling vehicles
on top of each other

Industry has already done the harder stuff like ‘higher order modulation’
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10 mph = 60 mph

| still ~60 mph

LIGHTWAVE LOGIC

Speed has hit a plateau...
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Speed imitea by conventionai DNOTONICS

Modulation
A /
// 16QAM

s G | :
o :
3
3 3 —/
-
.;:n’

2 _/ T .

50 Gbaud is very

difficult for conventional

In optical analog . . optical devices
metrics of GHz, (55, S N
>35GHz (50Gbps) Tl 0Ty, ke
things get tougher. .. ’ ey
Speed limited by device physics l
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LIGHTWAVE LOGIC

Polymers are faster than
other technologies

Polymers double the native data traffic to 100Gbps (before counting multiple lanes, stacking...)
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Innovation to break the speed barrier

Bits/Sample

In optical analog
metrics ~70GHz
(100Gbps, NRZ or

200Gbaud, PAM4)
is a challenge

LIGHTWAVE LOGIC,

Au Pad Via Lower Ground Electrode

Modulation | 640QAM

Optical Input

1 | 16QAM
5 1.,
/ 2" PAM-8, 8QAM
800 Gbps = 100Gbaud, PAM4, 4 lanes
4 — hL .
/ _ PAM-4, QPSK
3 —

e .
-
.=

Au Upper Electrode

Optical Output

»  Options can be:
100G, 1V

400G, 1V

e 800G, 1V

Source: Lightwave Logic (LWLG)

— 100Gbaud, NRZ, OOK

— 4 Channel x 100G NRZ, OOK

— 4 Channel x 100G, PAM-4

Renewed ability to grow traffic capacity
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Electro-Optic Response on Lightwave Component A_n_alyzer

In optical analog
metrics ~70GHz is
more than the
equipment can
handle. ..

Electro-Optic Response [dB]

—

P e e e e e e e e e o e e e e e o o

Electrode Length = 5 mm
® Experimental
Calculated

Upper limit of _
Equipment
67 GHz (LCA) |

>

0 10 20 30 40 50\ 60
Optical Modulation Frequency [GHZz]

LIGHTWAVE LOGIC,

1.5dB reduction
at 67GHz
(upper limit of LCA)

Other optical
modulators:
LINbO; = 40GHz,
Si = 30GHz,

InP = 60-70GHz

Off GHz Lightwave
cfimponent analyzer (vector
twork analyzer+
ahotodetector)

b dB reduction (VNA)
3 dB reduction (LCA)

f VNA: Vector Network
Analyzer 110GHz

LCA: Lightwave Component
Analyzer 67GHz
(commerdially

available)

Extrapolated 3dB bandwidth of ~120GHz for EO response l

Source: Lightwave Logic (LWLG); Yasufumi Enami (University of Kochi, Japan; University of Arizona)



EO frequency reSpOnse measuremﬁe—hté____ LIGHTWAVE LOGIC

Port1: RF input
Port2: RF output

Keysight PNA
110GHz Freg. Port3: EO response
Extenders
(3 port) ~ 11 A o
module
W1(1mm) Cables T
\\\
Optical
W1(1mm) Probes filter
(or connectors)~_ |
\E Fiber
DFB LD
. 1=1550nm Fiber EO modulator Fiber EDFA
New equipment for
110GHz optical
analog bandwidth: PNA: Vector network analyzer
designs can be EDFA: Er doped fiber amplifier Port 1 and 2 for EE S21 and S11
ontimized OE : Opto-electric Port 1 and 3 for EO S21
P DFB LD: Distributed feedback laser diode

State-of-the-art 110GHz measurement set-up
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LIGHTWAVE LOGIC

* Polymer modulator analogue optical bandwidth

50 ohm  Terminated on Probe 50ohm Terminated in PNA
o 10
D Opove oty g 5 g, , 00 -ﬁzwa-z ; o .
= R R ST e .
™~ 10} f}‘ﬁ,‘g‘iﬂ.‘ﬂ? — _10l s "fr}',,:‘“-" o
v I 1 % R it s
o 20} . .
bl ! L
3 a0l o 20 §
A T9Vr e ]
i — i® |
S i . .38 GHz | KHGHZ, ] E —A0| /—\
0 20 40 60 \80 100 S |6 . R N
Frequency [GHz 0 20 40 60 \80 100
Frequency [GHz '
Vpi = 2.5V Vpi = 2.5V

Measurement at >70GHz is very sensitive
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E|eCtrica| C haraCterization LIGHTWAVE LOGIC.

* £E S21 linear magnitude and phase
* With small calibration glitch at ~/5GHz

50ohm  Terminated in PNA 50ohm  Terminated in PNA
of.. ' ' ' e 200} B o L 1 b \ '
B T —— _ O A30F b f b b | —ta ]
10} o oL AT TN
EE S21 magnitude 20! M & 100} vy MO Lo ] EE S21 phase response
response is very smooth =) = 0r VLV IING Y A is very linear and
. < 30} 1 & ok VL L N ——] L] .
and predictable © YRR YR YR predictable
& 40¢ T SOF G| b A A Y
50y ~ 1oop | ‘*.: :JJ IR
—60} ] E -150F ! ‘ ' I R
—70 : : : : : “-200r
0 20 40 60 80 100 0O 20 40 60 80 100 120

Frequency [GHz] Frequency [GHz]

Smooth EE S21 magnitude
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LIGHTWAVE LOGIC,

65GHz
PPG

Connector

RF A
mp 2. 4mm(1m

RF Cable
2. 4mm(1mm)

[T1 l
“Ra - = Sampling
LD he T S— BT 0SC
EO Modulator

Fiber Fiber

Packaged device

LD: Laser diode
PPG: Pulse generator (BERT)
OSC.: oscilloscope

Packaged devices group A :1mm and 2.4mm connectors
Packaged devices group B : 2.4mm connectors

Packaged modulator set-up l
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Eye diag ram Status : LIGHTWAVE LOGIC

* Using DCA/BERT system
* Careful measurements of packaged polymer M/
* Optical eyes follow input electrical signal well

* Open eyes at 65GHz (NRZ)

Eye diagram partly limited by input signal

8/19/202 Page 23 | © Lightwave Logic, Inc.
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TDR measuremeﬂt Capabllity re\/iew_ LIGHTWAVE LOGIC,

+— RF pulse signal
Reflected RF pulse signal ———»

Connector RF Cable
2. 4mm(1mm) 2.4mm(1mm)

| | TDR
[o] T[] [o] |e module
—_— Sampling
osc

EO Modulator

TDR: Time domain reflectometry
Packaged devices group A :1mm and 2.4mm connectors Examine impedance matching in packaged
Packaged devices group B : 2.4mm connectors device

Checking measurement capability through reflected signaling

8/19/202 Page 24 | © Lightwave Logic, Inc.




TDR to CheCk measuremeﬂt Capé | |tyﬂ—ﬂ__ LIGHTWAVE LOGIC

* Using TDR from Keysight

* TDR measurements allows the determination of impedance discontinuities
along the rf path and assists in making improvements

* TDR measurements show reflections that need to be optimized

T T T T T T I'\

w

E | —|Left connector (closer to active region) B
< 125 150 ps ——|Right conneclor

O 8o0f ps <]
o 125 ps

g 75 1 Wire bonds |
(52}

T o 4
g_ Input connector & f

= ceramic circuit J

Qutput connector (open)
& ceramic circuit

Polymer modulator

Time (s) 10-10

TDR response to check measurement capability
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LIGHTWAVE LOGIC,

TDR helps reduce reflections and allows improved designs

8/19/202 Page 26 | © Lightwave Logic, Inc.
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Delivering radical innovation. ..

\st deliver solutions:

Robust
(Stable)

Faster devices@ Lower Power Lower cost
(100GHz+) (Low voltage) (Easy fab)

To enable ! . »lower power, lower cost internet...

Source: Lightwave Logic (LWLG) 8/19/2020 Page 27 | © Lightwave Logic, Inc.
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Lower power
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Importance of Larger rag

* Frequency response is inversely proportional to electrode length
- Shorter electrode =  More Gbps

« BUT Vpi is ALSO inversely proportional to electrode length

Shorter electrode = Larger Vpi

fee variable is rsy

Larger r;5 = Shorter electrode

= More Gbps =2 Same or Smaller Vpi

3dB Bandwidth vs Length

200
3dB Bandwidth 15q H
80+GHZ feri) 100 100 Velvs r33
50
o]

o] 25 5 75 10 125 15 175 20 225 10

5 m m Electrode Length (mm)
Vpi vs Length for r33 = 30pm/V

vpi (V)

1 . Length = 2.5mm

20
1 =fi—Length = Smm
15 === ength = 10mm
vpi (v) 10 0.1

6_7\/ o 50 100 150 200 250 300 350 400 450

5 r33 (pm/v)

o

0 25 5 7.5 0 125 15 175 20 —~ ZOO m/\/
5 m m Electrode Length (mm) p

Large r3; is key to high performance and low voltage
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LIGHTWAVE LOGIC

Vpi_Year_Modulator

* [ower voltage operation save 100 — ————————T———

O\/\/er | =Y. Enam! et al. JLT 21, 2053, 2003
80 | =~ EEZEI St ol SPIE 5351, 28, 2004 )
« Also means the modulators 2 = O Y. Enami ot ol Nature Photon. 1. 180, 2007
. . >l=3 Y. Enami et al. APL91, 093505, 2007
can be driven directly froma g 6ot ]
CMOS chip 2
, , > 401 -
* No driver chips necessary s | _
; [
“ 20} 4
* Saves even more power ¥ | . » |
* Also saves $$% R S
2002 2003 2004 2005 2006 2007

Year

Source: Lightwave Logic (LWLG); Yasufumi Enami (University of Kochi, Japan; University of Arizona)

Polymer modulators are driverless, low power, and save $$$%
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Delivering radical innovation. ..

Photonics must dg

L

LIGHTWAVE LOGIC

Faster devices® Lower Power Lower cost Robust
(Low voltage) (Easy fab) (Stable)

E—"

To enable faster, lower power, - mer” cost internet...

Source: Lightwave Logic (LWLG)
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Simple, low cost fabrication

Fabrication equipment and
process is simple
* No exotic equipment needed
* Standard
photolithography to
pattern
* Wafer scalability
* Minimize cycle time

LIGHTWAVE LOGIC,

Lower costs can be enabled through simplicity in fabs

8/19/202 Page 33 | © Lightwave Logic, Inc.
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Our competitive advantage starts with our materialgm -

* Our Perkinamine™ family of materials are i
proprietary and we control the synthesis in-house. — J

* We have additional advantages through control of .. [y I i 7 )
the whole stack—from materials to device and A i1
package designs. This synergy gives us more knobs o N> 2 “_},‘ﬂ

with which to optimize performance and cost.

Our active molecules are of similar complexity to medical drugs
Their performance characteristics can be tailored for each application

Lower costs can be enabled through chemistry design

8/19/2020 Page 34 | © Lightwave Logic, Inc.



Integrate platforms = Hybrid solutions

Incumbent

InP compound semiconductor Silicon photonics

Polymer/Dielectric photonics

All InP combinations of technology All SiP

InP laser v Polymer Waveguide InP laser
InP photonics Polymer SSC SiP and PP photonics

InP driver/TIA Polymer Modulator Si driver/TIA

InP Semi-custom ASIC 7 Polymer Mux/Demux Si Semi-custom ASIC

Lower costs enabled through integration of hybrid technologies

8/19/2020 Page 35 | © Lightwave Logic, Inc.
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Delivering radical innovation. ..

Photonics must deliver solutions:

Lower cost Robust
(Easy fab) (Stable)

Faster devices@ Lower Power
(Low voltage)

To enable faster, lower power, lower cost internes,

Source: Lightwave Logic (LWLG) 8/19/2020 Page 36 | © Lightwave Logic, Inc.
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PIC semiconductor robustness/reliability

* Jelecommunications always relied on Telcordia testing (GR-468 etc)
* 10-20 year litetime, low FIT rates, accelerated testing

* Datacommunications (datacenters) looked at simplifying R&QA to

reduce cost
* Recent datacenter requirements proposed 3yr fork-lift equipment changes,
and reduced R&QA expectations

* Today's datacenter folks are now looking to re-establish high reliability testing
to reduce failure rates from 1000s of photonics equipment

R&QA is still critical and needs to be taken very SeTi
* Next generation PICs must aim towards Telcordia requirements

R&QA needs to be aimed between datacom and telecom today
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Electro-optic polymers have a negative perception

* Universal agreement on the EO performance of poled polymers
* For example: 100GHz BW, Velocity match, Low Vpi, High r33. ..

* Universal skepticism on the stability of that performance.
* "Organic isn't as stable as inorganic’
* The same arguments were made against LCDs and OLEDs also. ..

* A key technical challenge facing EO polymers:
 Stabilizing the meta-stable state. ..

Stability is one of the keys to build positive perception in polymers
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Stabilizing a meta-stable state

The lowest energy state 3 is for all the snow to be at the
bottom of the mountain. The system will relax (spectacularly)
from [ to 3 if sufficient energy (h) is applied.

* Yet we ski down mountains safely all the time because ski
resorts can manage the barrier height of h:
* Avalanche h can be set off by; skier triggering, sound, mortar, ski patrol

* Many materials we encounter every day are metastable (e.g.,
diamonds, glass, chocolate)

e Metastability is not something to avoid, but rather control. ..

Diamond = Graphit
Glass = Quartz
Chocolate = Chalky, crummbly >

Metastable Stable X

(lowest energy)

We've engineered polymers to be more stable in a meta-stable

Engineering polymers for stability in a meta-stable state
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Engineering the barrier height for stability

 Poled polymers will slowly relax to 3 at a rate metigt;tjte”;ate Relaxed state
controlled by barrier height h

* Engineering challenge is to make barrier h large Energy t\ff N :\\ =/
* No laws of physics need to be broken. .. A
n can be controlled by careful molecular design anc O/ Ih
the power of synthetic organic chemistry
>
X
_|_

» = molecular dipole

Barrier h can be engineered by molecular design
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Optimizing the molecular design for stability

* The higher the rigidity of the polymer composite, the higher barrier h is (more stable)
* The more surrounded the chromophore dipoles are, the higher barrier h is (more stable)

Guest chromophore

-

! .F";{?’ /
XY ""5',;,.’:_‘ i %t/ﬁ;\\*/ ?
L, S =a% 1, gt
o

A

\ 95> LN (é;svi 2. E=pole
[ = 5 3. w
i’%“’?’%“"*ﬁ«/ 4 eSesova ‘ m,ﬂ

=

.

) i # Pl
et ) I s I\
¢ » L
. Random R ;S( Allgned
* EO polymers are prepared by adding * The composite is heated to the glass e The sample is cooled with the field
high concentrations of a "guest” transition temperature to liquify the polymer applied to trap the poled order in the
chromophore to an amorphous “host’ and the poling field is applied to align the glassy state.
polymer. chromophores within the polymer matrix.

Barrier h is optimized by mix of chromophore and polymer
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Design strategy for increasing barrier h at the molecular level s

* Chromophores can be modified via synthetic organic chemistry to act as anti-
plasticizers and increase the rigidity (and barrier h) of the composite polymer.

+ -
/ Chromophore > \

donor acceptor

bridge

Rigid isolating groups reduce dipolar interactions
and increase rigidity of polymer composite (h)

Host polymer

Rigid, high glass transition
temperature (T,) /ncreases h

Rigid, high glass transition
temperature (T,) /ncreases h

Molecular design is critical

Plasticizers typically softens or reduces h
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LIGHTWAVE LOGIC

Absorption

3.0

2.5

2.04

1514

Density (g/cm?)
Oscillator Strength

0.5 4

0.0 T T T T T T
100 200 300 400 500 600 700 800

Excitation Energy (nm)

350 400 450 500 550 600 650
Temperature (K)

* Many interdependent parameters (besides rigidity of the composite)that need consideration: Dipole,
Hyperpolarizability, Loss (absorption), Thermal stability, Poling efficiency, Solubility

* All of these are calculable with a combination of quantum mechanical (DFT) and molecular dynamics methods.

* Apply the same tools the pharmaceutical industry uses to engineer drugs and the display industry uses to engineer
OLEDs to electro-optic polymers.

Molecular design through simulation tools increases cycles of learning
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Higher stability of meta-stable state  wmee

* Improved temporal stability of r33 @ 85°C

r33 stability 85°C

r33 stability 85°C
120
120
100 %\F [
—~ % 100
< &0 ° I b J\ [
=X < 80 X 1
- (@)}
S 60 =
S < 60
g £
o 40 o
%2 % 40
20 =
20
0
0 50 100 150 200 250 0
‘ 0 100 200 300 400 500
time (h)
time (h)

Result of increasing the barrier h of meta-stable state
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Higher stability of meta-stable state  wmee

* Improved temporal stability of Vpi @ 85°C

1.20 —=4—B08 1.200 —¢— AVERAGE
—B-B11

E 1.15 B13 E 1.150 =+ STDEV
£ 110 —>=B14 £ 1.100 . = -STDEV
o - —=B15 o = n
% 1.05 81s % 1.050 ﬁ ¢ S —2
£ 1.00 ===B18 £ 1.000
9 —B19 9
Z 095 - Z 0.950

0.90 ——C12 0.900

0 500 1000 1500 2000 C13 0 500 1000 1500 2000
Time (h) El6 Time (h)

Result of increasing the barrier h of meta-stable state
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L atest Press Release E3Latest Media Coverage E3Resource Center Updates

Sep 19,2019 Jun 19,2019 World Technology Mapping Forum I I
Lightwave Logic Makes the Case PIC International 2019 Presentations & White Papers
for its Energy-saving Designer

Surpasses Expectations, Sets
Molecules at ECOC 2019

New Berichmirks (LWLC Wins 2019 Annual Meeting of Stockholders
one of the awards)

Creating Solutions For Moving More Data. Faster; Easier And Simpler..

Sit back...relax...roadmaps are very detailed...
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Roadmaps: What did Weé predietia.2016? | 3

LIGHTWAVE LOGIC,

ORI S QUEIIM = Technology cost barrier

2017 2018 2020 2022 2024 2026

Modules/TxRx : 100Gbps : i 400Gbps | i : i : 70006b%35 :
. 1 1 1

BEIENEICKEUNIVAN 10 Tbps/1U | ' 25Tbps/1U 1 ' 100Tbps/1U | 400Tbps/1U | !

1 1 1 1 1
Form factor |Ee== ! mircoQSFP i DSFP ! \SFP+ (new) ' Micro-SFP I !
W L ! 1 ! 1 ! L W L
Typical link reach | (RSO, <10km <2km ! 1<2km ! L <2km ! !
R R(@Z el $5/Gbps 1 . $2/Gbps 1 \ $1/Gbps | <50.5/Gbps . i
1
Industry plan | EEIIOCSe (:<2km) | <$5/Gbps 5 | $1/Gbps | | $0.5/Gbps | :
1 ! . L . L . L 1 .
. . 1 W 1 B 1 1 1 v
Typical link reach  |[EREOTC/o/y B ! 5-50m : | vo1-25m ! I !
Ind wish (@400Gbps) |RSIVC I <$0.5/Gops | I  <$0.25/Gbps | <$0.05/Gbps : |
Industry plan | i $1/Gbps | ! | $0.25/Gbps | 480.15/Gbps
. 1 1 1 N
. . i ' : ! i ! . .
InP Monolithic | 1000 devices ! | 10000 devices : 100,000 devices i I
! 25Gbps 50Gbgs : 100Gbps ! | 400Gbps ! ! ! ] X
PIC WDM Tx & Rx OBIC Int driver/TIA BOGbps OFEIC Int df/\/@[/ TIA 100Gbps (se}/a/) 1 OFICASIC 502%/95 1
. NRZ/PAM4 NRZ/PAM4-8 i . NRZ/PAM4-16 .em Hient-side : 1 !
! 3" Wafer/fab ! 4" Wafer/fab 1 4 & 6" Wafer/fab 1 g Rl 8 Waker/fab?. - '
SiP & InP/SiGe hybrid | 1 100 devices | ' | 1700 devices [l PuriebrickWal Y 71Q.000 devices 1
1 25Gbps  50Gbys i ! 100Gkps IRl 400Gbps | ! 1 :
' PIC WDM Tx & Rq OBIC Int driver/TIA 50Gbps OEIC Iht driver/TIA 100Gbps (serial) ' OEICASIC 50jbps .
1 NRZ/PAM4 NRZ/PAM4-8 ! 1 NRZ/PAM4-16 ! | {://em‘ -side | i I
16" Wafer/fab___|! 8" Wafer/fab 1 8 & 12" Wafer/fath | 15" Water/fab? ! '
Polymer Photonics : 1 10 devices ; 100 devices i i PurpleBrick Wall i 1000 devices | 7 q 000 gevices \
1 25Gbps  50Gbps (Laser-Mod) | ' 100Ghps (laser-Mod) ! ' 1 1
1 PIC WDM/MZ Mo{j Tx & Rx ' OEIC Int dnver/T\A (SiP/InP) 50Gbps OFRIC Int driver/TIA (Slp/InP) 100Gbps (serial) AS/C 50Gbps :
| NRZ/PAM4NRZ/RAM4-8 ] . NRZ/PAM4-16 ! v TN ent-sice | : 1
13-4" Wafer/fab ! 4" \Wafer/fab 1 4 & 6" Wafer/fab ! : ! 8" Waler/fab 1 !

1 1 1 1 . 1
; ; ; 1100 devices i 1000 devu:es ' 10,000 devices IECRCIN ! 700,000 devices 0 i
Dielectric Photonics :ZSGbps 50Gbps ! i 100Gbps : 40bips ' : 1
IPCTx&Rx ! | OEIC Int diver/TIA 50Gbps | : OEIC Int dnver/T/A 100Gbps .(ser/a/) I !
! NRZ/PAM4NRZ/PAM4-8 | 'NRZ/PAM4-16 1 L IS icn-sice [ i

1
16" Wafer/fab 1 8" Wafer/fab 18 & 12" Water/fat ' 15" Whier/fab . I
GaAs (VCSEL) |IYES 1 190 devices 1000'devices | ' 10,000 devices i 1
1 25Gbps  50Gbds 1 100Gbps (VCSED-Mod) : ! 400Gbps (VCSEl-Mod) 1 :
| VCSEL PIC 25Gbps ~ VCSEL PIC 50Gbps ! | VCSEL P/C 100Gbps (serial)! . |
| NRZ/PAM4NRZ/ FIAM4 8 | PupleBrickWall  BRES H Coherent dlient-side ' 1 1
13:4" Wafeg/fah_ 1 6" Wafer/fab t__________ ! RS S\ Water/fab e ! !
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Actually pretty good = TxRx 400Gbps, <$5/Gbps, 50Gbps+

devices

I JENE T QYVEU = Technology cost barrier

2022 2024

odulesTxRx  |RIE N : | T 1000Gbps i
1 . 1 : 1 1
Data rate de 1 10 Tbps/1U ' 100Tbps/1U | 4007bps/1U I !
1 1 1
orm factor | resisy ! \SFP+ (new) + Micro-SFP ! !
W 1 1 ! L W 1
pica S <1Okm | 1<2km ! L <2km ! !
a 400Gbp 1 $5/Gbp$ 1 7/Gbp5 ! ' <S0. 5/6 nS 1 1
1
0 JEUM[! >%$10/Gbps (< | $1/Gbps ! $0.5/Gbps ! |
: : 1 ! : u : : :
; . ! . ! ;
pica ea 1 10-100m ! i\ 55U : i v 1-25m : ! 1 !
d @400Gbp 1 <$1/Gbps 1 <$0.5/Gops | I  <$0.25/Gbps | <$0.05/Gbps : !
1 1 1 1 1 1
0 pla X $1/Gbps : : : $0.25/Gbps : <80.15/Gbps !
. : I : I i ! . .
P Mono 1100 devices |1 1000 OWges ! \ 10000 devices : 100,000 devices | !
! 25Gbps 50Gbgs : 00Gbps . | 400Gbps ! ! ! ] X
PIC WDM Tx & Rx OBIC InigMer/TIA BOGbps OFEIC Int df/\/@[/ TIA 100Gbps (sekial) 1 OFICASIC EOzﬁbps 1
7 /PAM4NRZ/PAMA4-8 . NRZ/PAM4-16 W ! dient-sice : 1 !
I3 4" Wafer/fab 1 4 &6 Wafer/fab 1 ! Purple Brick Wall 8" Waker/fab? ! X
P & InP z bria ; 10 devices 1 100 devices 1 ' i 1d00 devices Purple Brick Wall 71Q.000 devices 1
1 25Gbps SOGb;!s i ! 100Gkps IRl 400Gbps | ! 1 :
' PIC WDM Tx & Rq OBIC Int driver/TIA 50Gbps OEIC Iht driver/TIA 100Gbps (serial) ' OEICASIC 50Gbps .
1 NRZ/PAM4 NRZ/PAM4-8 : t NRZ/PAM4-16 | : ;//em -side | i I
16" Wafer/fab___|! 8" Wafer/fab 1 8 & 12" Wafer/faty | 15" Water/fab? ! X
-0 er Photo i 1 10 devices 1 ; 100 devices 1 | [ ] 1000 devices | Q000 devices 1
1 25Gbps  50Gbps (Laser-Mod) | ' 100Ghps (laser-Mod) ' ' 1 1
1 PIC WDM/MZ Mo{j Tx & Rx ' OEIC Int dnver/TIA (SiP/InP) 50Gbps ORIC Int drlver/TIA (Slp/InP) 100Gbps (serial) AS/C 50Gbps :
| NRZ/PAM4NRZ/RAM4-8 ] . NRZ/PAM4-16 ! v TN ent-sice | : 1
13-4" Wafer/fab ! 4" \Wafer/fab 1 4 & 6" Wafer/fab ! | ! 8" Water/fab I !
1 1 : 1 . 1 . 1
o 1100 devices ! 1000 devices ! 10,000 devices ITEaIN 700,000 devices : :
2 OlO : 25Gbps  50Gbps ! i 100Gbps : 40bips ! : 1
1PIC Tx & Rx ! | OEIC Int dfiver/TIA 50Gbps 1 ! OFIC Int dr/ver/T/A 100Gbps ,(sef/a/) 1 !
I NRZ/PAM4NRZ/PpAM4-8 | 'NRZ/PAM4-16 | [ Puvesrick Wl Qe , : i
1 6" Wafer/fab 1 8" Wafer/fab '8 &12" Wafer/fab ! g2 Ehle ' 15" Whfer/fab 1 1
aA 1 10 devices 1 100 devices 1000'devices : ' 10,000 devices i I
1 25Gbps  50Gbygs 1 100Gbps (VCSEL-Mod) | ' 400Ghps (VCSEL-Mod) ! g
| VCSEL PIC 25Gbps ~ VCSEL PIC 50Gbps ! : VCSEL P/a‘ 100Ghps (serial)! . i
| NRZ/PAM4NRZ/ F‘AM4 8 | Purple BrickWall /S NS Coherent dlient-side ' 1 1
13:4" Wafeg/fah_ 1 6" Wafer/fab t__________ ! | T o s b e ! !
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New draft in 2019 > Where ar “going e -

LIGHTWAVE LOGIC,

ORI S QUEIIM = Technology cost barrier

2022 2024 2026 2028

1 1
Modules/TxRx | EEEICCCECRE ! 800Gbps | 1600Gbps : : 3200Gbps !
Data rate density I 25 Tbps/1y : ' 100Tbps/1U i 1 400Tbps/1U | 1600Tbps/1U : [
1 1 1
Form factor | eYelS 0 OSFP/OBO/CP 1 OBO/CP ! \Co-Pkg/CoB | Micro-Co-Pkgy/CoB [ :
W L ! 1 ! 1 ! L W L
Typical link reach | [SESIOAI. <10km <2km ! 1<2km ! L <2km ! !
Ind wish (@400Gbps $2/Gbps 1 » $1/Gbps 1+ R | $0.5/Gbps . <$0.2/Gbps ]
p ! P P . PS P ]
1 1
TeNE Al ! >%5/Gbps (<2km) 5 <$2/Gbps i | $0.5/Gbps! ' $0.2/Gbps ! i
1 : . L . L . L 1 .
. . 1 1 1 H 1 1 v
Typical link reach | [EREORTCUy I i 5-50m : | vo1-25m ! I !
Ind wish (@400Gbps) |HRSINES I <$0.5/Gops | I  <$0.25/Gbps | <$0.05/Gbps : |
Industry plan | . $1/Gbps ! i ! i $0.25/Gbps i <80.15/Gbps '
I i 1 [ 1 [ ; ! u i
InP Monolithic | 1000 devices ! | 10000 devices ' 100,000 devices i I
! 25GHz 50GH; I 70GHz ' 90GHz ! ! 100GHz ! ] X
; PIC WDM Tx & Rxi (30GHz) OBIC Int driver/TIA BOGbps (50GHz) OBIC Int driver/TIA 7620613/35 (70GHz) v OFEICASIC 502%/95 (50GHz) 1
1 NRZ/PAM4 NRZ/PAM4-8 ! . NRZ/PAM4-16 1 : Coherent tlient-side : 1 !
13" Wafer/fab | 4" Wafer/fab ' 4 & 6 Wafer/fab 1 I PuroleBrickWall . S’ Waler/fab?. I n
SiP & InP/SiGe hybrid IHEEEE S 1 100 devices i 11000 devices 1 Purple Brick Wall 1 70,000 devices " . 1
y 1 1 1
1 25GHz 50GH} i LAl 70GHz (100Gbps U 70GHz (400Gbps) ' 1 !
! PIC WDM Tx & Ry (30GHz) OHIC Int driver/TIA 50Gbps (50GHz) | ! OEIC Int dmver/T\A 100Gbps (serial)! '
1 NRZ/PAM4 NRZ/PAM4-8 NRZ/PAM4-16 1 Coherent dlient-sifle Coherent PSP less | i I
1 6" Wafer/fab ' 8"\Wafer/fab 1 8 & 12" Wafer/fab . 15" Water/fab? 1 '
Polymer Photonics : 1 10 devices ; 100 devices i : LGOI 1000 devices | 7 OIOOO devices \
1 25GHz  50GH? (Laser-Mod) 7dGHz (laser-Mod) : i 100GHz (15QGbps serial) i Purple Brick Wall 1 1
1 PIC WDM/MZ Mo{j Tx & Rx ' OEIC Int driver/TIA (SiP/InP) BOGHz OEIC Int driver/TIA (S|p/InP) 7OGHz (€ PurpleBrick Wall OFIC ASIC 70GHz :
| NRZ/PAM4NRZ/RAM4-8 ] . NRZ/PAM4-16 ! Caherent dlient-side EEEE : |
1 3-4" Wafer/fab ! 4" Wafer/fab 1 4 & 6" Wafer/fab ! i 8" Wafer/ziab i !
1 1 1 . 1 u 1
. . ; 1100 devices i 1000 devu:es | 10,000 devices I ECRCIN ! 100,000 devices 0 i
Dielectric Photonics : 25GHz 50GHz i l Purple Brick Wall 70GHz ' i 70GHz (4OOGbpS) : |
1 PIC Tx & Rx ! i OEIC Int dtiver/TIA 50GHz . : i OFEIC /}7[ driver/TIA 70GHx |
I NRZ/PAM4NRZ/PAM4-8 I ' NRZ/PAM4-16 Coherent client-side | | '
1 6" Wafer/fab 1 8" Wafer/fab '8 &12" Wafer/fab FigplolE e ' 15" Wafer/fab 1 1
GaAs (VCSEL) X ! 1000 devices ' 70000 devicas ! 100,000 devices | I
| 25GHz  50GH peorcvs : : 70GHz (WCSEL-Mod) | ! :
| VCSEL PIC 25GHz  VCSEL PIC 50GHz gt i ! VCSEL P/C 70GHz (7006b,0$) . |
| NRZ/PAM4 NRZ/ FIAM4 8 | b DEEET NRZ/PAM4-16 : ' Coherent c//em‘ Side ' 1 1
16 Wateg/fab_ _ ! | —— | |8 Wafersah) | ' Lo
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800 and 1600Gbps; very high bandwidth 70GHz,

co-packaging, low power, hybrid integration, low $/Gbps

2019 2020 2024 2026 2028

1

Modules/TxRx : 400Gbps : 800Gbps i 1 6OOGbpS : ! : 32006bp5 :
Data rate density | [EEFERISSHAIV \ ' 100Tbps/1U 1 ! ; 1600Tbps/1U | !

1 I ] ) 1
Form factor {f Q/OSFP : OSFP/OBO/CP 5  upeonocvia ] I Micro-Co- -Pkg/CoB 1 !
W L ! 1 ! 1 ! L W L
Typical link reach | [SESIOAI. <10km <2km ! 1<2km ! L <2km ! !
Ind wish (@400Gbps) | [EEZZClelsSI i $1/Gbps 1 \ $0.5/Gbps | <80.2/Gbps . -
1 1
TeNE Al ! >%5/Gbps (<2km) 5 <$2/Gbps i | $0.5/Gbps! ' $0.2/Gbps ! i
1 : . L . L . L 1 .
. . 1 1 B 1 H 1 1 v
Typical link reach | [EREORTCUy I i 5-50m : | vo1-25m ! I !
Ind wish (@400Gbps) |HRSINES I <$0.5/Gops | I  <$0.25/Gbps inl0 05/Gbps : i
1 1
Industry plan | 1 $1/Gbps | i ! | <90.15/Gbps
. . i ' i . .
InP Monolithic | KRR 1000 devices ! \ 70000 deviceg 100,00 N vices | l
125GHz  50GH} I 70GHz ' 90GHz ! 100GHz ! ] X
: PIC WDM Tx & Rxi (30GHz) OBIC Int driver/TIA BOGbps (50GHz) E/C/m‘ driver/TIA 7C}06bps (70GHz) | ASIC EOzﬁbps (50GHz)
1 NRZ/PAM4 NRZ/PAM4-8 ! . NRZ/PAM4-16 ' RG] Coherem &lient-side . 1 !
! 3" Wafer/fab : 4" Wafer/fab 14 & 6" Wafer/fab 1 I S’ Waler/fab?. : :
SiP & InP/SiGe hybrid | 1 100 devices ' 1000 devices 1 1 10,000 devices ! i 1
1 25GHz SOGH% i LAl 70GHz (100Gbps 70GHz (400Gbps) ' 1 :
: PIC WDM Tx & Ry (30GHz) ORIC Int driver/TIA 50Gbps (50GHz) RRERreHE] 1 OEIC Int dnver/T\A 100Gbps | enal): |
1 NRZ/PAM4 NRZ/PAM4-8 NRZ/PAM4-16 | Coherent client-sife Coherent PSP less i 1 1
1 6" Wafer/fab ' 8"\Wafer/fab 1 8 & 12" Wafer/fab 15" Water/fab? 1 !
Polymer Photonics : 1 10 devices ; 100 devices i Purp'eBﬁckWa" 1 1000 devices | 7 OIOOO devices \
1 25GHz  50GH# (Laser-Mod) 7dGHz (laser-Mod) : i : Purple Brick Wall | 1
I PIC WDM/MZ Mofi Tx & Rx ! OEIC Int diver/TIA (SiP/InP) 50GHz ONIC ASIC 70GHz !
1 ' f 1
; NRZ/PAM4NRZ/FAM4-8 ] . NRZ/PAM4-16 ! Caherent client- S/de ' i . |
1 3-4" Wafer/fab ! 4" Wafer/fab 1 4 & 6" Wafer/fab ! : 8" Wafe//zﬁb 1 !

1 1 1 1 u 1
. . . 1100 devices ! 7000 deviees L 10,000 Qevices IR | 100,000 devicg [ |
Dielectric Photonics : 25GHz 50GHa : l Purple Brick Wall 70GHz ! 70GHz (4OOGbp54I) : |
1 PIC Tx & Rx ! | QEIC Int dtiver/TIA50GHz 1 IR i V/TIA 70GH !
! NRZ/PAM4NRZ/PAM4-8 | INRZ/PAMA-16 It No/ent client-side : i
16" Wafer/fab 1 8" Wafer/fab 18 & 12" Wafer/fab PupkeBrickWall : i !
GaAs (VCSEL) X ! 1000 devices IR nECaC! 70000 devicas ! i I
1 25GHz BOGH# Purple Bridk Wall ' ! ' N 1 :
| VCSEL PIC 25GHg ~ VCSEL PIC 50GHz ] | ! VCSEL Flg T (7006b,0$) . i
| NRZ/PAM4NRZ/ F‘AM4 8 | b DEEET NRZ/PAM4-16 : ' Coherent c//em‘ side ' 1 1
16 Wateg/fab_ _ ! | —— | |8 Wafersah) | . Lo

Slanted Red Font: Major industry efforts are required for commerc:allzatlon , ,
Source: Lightwave Logic / Y eff q f 8/19/2020 Page 52 | © Lightwave Logic, Inc.



»

LIGHTWAVE LOGICw

OTCQB: LWLG

Summary

® Copyright 2019 Lightwave Logic Fastest by D@g/gn



Electro-optic polymer example

(100GHz+)

Au Pad Via Lower Ground Electrode

Optical Input

>100GHz

Au Upper Electrode

Faster devices® Lower Power

(Low voltage)

Optical Output <Y 80, 2007
Y. 7

[ SS— |
Sol-Gel Under Cladding

, =

LIGHTWAVE LOGIC

Robust
(Stable)

Our EO polymers

enable radical innovation...
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Speed today. ..

* We as an industry are struggling with >50GHz analogue bandwidth. Higher speeds has to come from increasing complexity of
modulation schemes and electronics

* We can use polymer modulators for 7OGHz analogue banawidth (for 100Gbps NRZ data, 200Gbaud FAM4 data)
* £.g 100Gbps single lane NRZ, 400Gbps with 4 lanes NRZ 800 Gbps with 4 lanes FAM4
* Power today...
* We as an industry are struggling to bring voltage levels at 70GHz down to 1Volt for any modulator design
 ~71Vmeans we can eliminate drivers, use direct drive from CMOS circuitry
* Cost today...
* MZ modulators are expensive designs using InP, SiPh, LINbO,
*  Spin-on fab compatible Folymer M. fabrication is cost effective Mach-Zehnder fits in OSFP-like transceiver footprints
*  Hybrid integration possible with InF, Si photonics, etc.
* Robust today. ..
* Industry expects standard Telcordia specifications for MZ modulators
» Folymers have achieved GR-468 and are continually improving their stability specifications
* Roadmaps...
* Predictions have been fairly accurate to date...challenging times ahead

S N

Polymers are quickly becoming an important platform...
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OPPO C OWEVE cCU 0D C AVELL
@ C

) ::’ o
* 5G systems . Al @ R
* RF over fiber A"
: B EHE
e Automotive (LlDAR) Telecommgications

» Bio-photonic sensing [
* Medical

cccccccccccccccccccccccccccccc

* Instrumentation S E
e Others... s\ S

High pe ance cgefiputing

Maturity (and robustness) in Fiber Comm enables other markets

Source: Mitsubishi Electric, Luxtera, IBM, Google 8/19/2020 Page 57 | © Lightwave Logic, Inc.
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