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Safe Harbor | 2

LIGHTWAVELOGIC®

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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The Achilles Heel IO

Existing solutions require excessive amounts of power to scale

Traffic ExaByte & Electricity Usage (TWh) of Data Centers 2015-2030

o Power
. _— Data center power use
é -+ Data Centers Electricity Usage |S grOW|ng
2500 (TWh), Best Case . .
Data enters ety Usage exponentially with
\ = _Expected Case .
2000 (~ Gibaraa G increased traffic levels
Traffic, Best Case
1500 (ExaByte, EB/year)x100 | ] an d
Global Data Center IP . h | | f
1000 - B e, BB /year)e100 d Major challenge 1or

\

data centers,

e i - | / | \1?72 exagyte| Traffic
---- 798 Exabye ' hyperscalers, and
0
2015 2018 2021 2024 2027 2030 SerViCe prOViderS

Source: Publication: Walnum, HJ et al
© Lightwave Logic, Inc.



New frontiers in electronics and photoni

»

LIGHTWAVE
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Generative Al Changes Everything
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Megatron-Turing
NLG (5308B)

o PalM
(5408B)
Gopher
LaMBDA (2808B)
(137B)

GPT-3‘17SB)

T5 (1B)

GPT-2(1.5B)

# of dense parameters

meam  ~10x/yr
trajectory

®
BERT(340M)

ELMo
001 (93.6M)

A 10X Gap

LLM Sizes Growing 100X / 2 Years

Al Cluster Performance 10X / 2 Years
v Meemsiawax/2vews
To accelerate Al we need “More than Moore”

Source: Lightwave Logic (LWLG), Arista (2023)
© Lightwave Logic, Inc.

ChatGPT 4.0 Model
Size > 1T Parameters

Large Language Model sizes have been increasing 10X per year

G-Al is driving
new frontiers in
both
computational
electronics and

photonics
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LIGHTWAVE

Perkinamine® Electro-Optic polymers

Our polymers are world-class and proven by third parties

Electro-optic polymers can be used to
fabricate optical modulators

We create organic

end, negative at the

B - ™ chromophores...
\ CN
: N A~ _ __CN
, O CN
‘ ' : —  Designed, simulated and
1 (FOSItive ot one modeled in Denver, Colorado

« Manufacturing chemistr?/
facility that can scale volume

Heat/voltage applied

)

Disordered state Alignment state

» Deep experience with material
characterization, testing,
lifetime, and reliability

- -

© Lightwave Logic, Inc.
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LIGHTWAVE

Polymer modulator opportunities

Electro-optic polymer
modulators for }
transceivers suppliers

.

Electro-optic —_— e = =) EO pOlymerS
el ) -, LI It higher
platforms o T ey

performance data
Electro-optic polymer modulators for = / Communlcatlons

“Other”
platforms including optical/quantum
computing, HPC, and RF applications

Electro-optic polymer engines for fiber optic communications

Source: Ethernet Alliance, OSFP MSA,
https://www.researchqate.net/figure/Schematic-of-an-on-chip-optical-network-with-various-components-illustrated-including

© ligAne3292884 6nePIXfab, corning



https://www.researchgate.net/figure/Schematic-of-an-on-chip-optical-network-with-various-components-illustrated-including_fig2_239929876
https://www.researchgate.net/figure/Schematic-of-an-on-chip-optical-network-with-various-components-illustrated-including_fig2_239929876
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Design philosophy: optimized reliability & performance | o

LIGHTWAVELOGIC®

* World class chromophore design

» Very high glass transition temperature (T ) LI increases Key Parameters
EO material lifetime Current LWLG Chromophores vs Competition
* ~100°C delta between industry spec and T, @LWLG @ Competitors
« Eliminates need for cross-linking "
 Protects material from de-poling (occurs when T, is close Electro -optic efﬁ‘qency (r3)

to industry specification high limit)

fglass Transition
T (Lightwave Logic polymers) Temperature (T )

1800 L] L] | I ] L |

100°
70°

Pecomposition
Temperature

(Ty)

Photostablllty

0°C

Typical transceiver spec for datacenter

Electro-optic material designed for reliability, stability, and overall operational performance
NB: These are qualitative analyses only: i.e. on a scale of 1-10, how “good” is the material in terms of the particular parameter.
© Lightwave Logic, Inc. 10



LWLG EO polymer materials have significantly improved... |

LIGHTWAVELOGIC®

Box plot of Perkinamine®

B o pre-2018 2021 2022 2023 2024
260 | :
d o o
H - Red line at T = 225°C
220 H = (T4: Decomposition ten‘\jperature)
ﬂ 1 -
= .
S 180 | N
L ‘ Blue line at composite
= T =170°C
:a (Tg. Glass transition temperature)
€ 140 Tg
- Color by:
. H Year
@ 2017
100 @ 2018
% © 2019
"""" © 2020
60 33 @ 2021
@ 2022
@ 2023
20 @ 2024
Reference points:
-=== Average
Tracking r,,, decomposition temperature, and glass transition temperature
A box plot or boxplot is a method for graphically demonstrating the locality, spread and skewness groups of numerical data through their quartiles 11

© Lightwave Logic, Inc.






Polymers are ideal for silicon foundries... | =

LIGHTWAVELOGIC®

High/Logical/simple

Silicon Silicon
Photonics (SiF Photonics
depletion mod Ring Resc

Electro-optic polymers

Indium Electro-optic
Phosphic Polymer

(InP)  Barium Slasmonics Figure of Merit
Lithium Titanate: Thin Film (low V, high
Niobate (BTO) " Lithium bandwidth, small
Niobate size, ease of PDK,
(TFLN) fabrication)

Silicon Foundry
Compatibility

Low/Difficult
Low Hig

Polymer positioning for heterogeneous integration is aligns with silicon foundries very well
13

© Lightwave Logic, Inc.



Silicon foundry 200mm Silicon wafers LGHTWAVE

@By W
Ly ALE

R i [

Dol [ sy [ P ) L e e | [l i it )
- e - ———— s - . ————

- e e - ——

- | - v_‘l,‘q e |l o

| e [ By o —
e e e o i i IS —— . o - b
| i WOO (T T

= ~;L~A‘~_L-;;;—~;-:.;,- .1 AN S NS | E TR
| : 0 i .I

Volume scale silicon slot designs on 200mm wafers o

© Lightwave Logic, Inc.



»

Heterogeneous Polymer Slot Modulator B

Our polymers are easily fabricated in silicon fabs [J ideal for
heterogenous integration

MM | of polymer on Silicon

Splitter G I

T Optical In Optical Out l

Photonics Platform

Low drive voltage and

 Encapsiation small form factor for

and

high density

Very high bandwidth

EO polymer heterogeneous integration onto silicon wafers

© Lightwave Logic, Inc.



Cross-section of fully etched slot waveguide -

LIGHTWAVELOGIC®

Depth ~ 200nm

SU8230 5.0kV 6.2mm x13.0k SE(UL)

Clean, sharp silicon slots with width <100 nm, sidewall angle > 86°

© Lightwave Logic, Inc.



Heterogeneous integration of polymer and
silicon

© Lightwave Logic, Inc.

»

LIGHTWAVE

E-field simulation

Optical mode simulation

17



»

Low voltage drive polymer slot modulator I CHT WAV E

Modulator Transmission Function
vV =08V

o —

2 2

o cmm

£ 5 .

o 2 drive voltage
2 <

o

Can be directly driven
from CMOS

Drive Voltage

Fabricated onto 200mm

quired to drive the modulator through a full cycle; optical

V_isthec
Cally driven through about half of V_ where the function is

modulators are
linear

silicon wafers

Designed for very low power consumption (<1V)

© Lightwave Logic, Inc.
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LIGHTWAVE

Packaged slot modulator performance

:E;‘ | *  Uniform
| /\ | across 4 packaged
o@ & devices

A A Uniform across 4

Uniform ex-coupling loss and V_ polymer performance

1L
© Lightwave Logic, Inc.



»
High BW MZ Polymer Slot™ Modulator LIGHTWAVE

EOS,,
BW=86 GHz

EO Bandwidth=86 GHz
EE Bandwidth>110 GHz

Enables optical signaling
for >200Gbps lanes

0 20 40 60 80 100
Frequency (GHz)

© Lightwave Logic, Inc.



Packaged polymer modulator demo schematic -

LIGHTWAVELOGIC®

SHF 100 GHz RF E0) bttt C-Band Tunable Laser

p— Modulator in — S|V fiber

Amp (2 Vpp max) Hich-Speed Package (Polarized) RE 110 GHz
BERT 90:10 | 9o Tunable
Remote Head optcica| EDFA = Bandpass
(0.9 Vpp max Splitter Filter
single-ended
output) 10 %
‘ Optical Power 90:.10 10 % Optical
_ Sensor/Meter Optical ===  Spectrum
Keysight Splitter Analyzer
120 Gbaud BERT
90 %
I Keysight 120 GHz DCA
Desktop Computer Sampling Oscilloscope 9010
with BERT and DCA 90 % " 10% | Optical Power
Optical =
Software + _ Sensor/Meter
: Splitter
Licenses

© Lightwave Logic, Inc.
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200Gbps packaged polymer slot

90 Gbaud, 180 Gbit/s,V, <2V

© Lightwave Logic, Inc.

100 Gbaud, 200 Gbit/s,V, <2V

»

LIGHTWAVE

Drive Voltage <2V

Up to 100GBaud PAM4
(200Gbps)

Open eyes...

Open eyes...

22



3" party use of Perkinamine® LWLG polymers

w

LIGHTWAVELOGIC®

* EO polymers used for
400Gbps lanes in plasmonic
slot devices

» Paper to be presented this
week at OFC (W4H.5)
 Potential for 4 channel x
400Gbps pluggable
transceiver at 1.6Tbps
(1600Gbps).

NB: Paper to be presented at OFC 2024: Presentation ID: W4H.5 Paper Title: Single
Carrier net 400 Gbit/s IM/DD over 400 m Fiber Enabled by Plasmonic Mach-Zehnder
Modulator

Sources: ETH Zurich, Kulmer et al, OFC 2024 (W4H.5), LWLG Perkinamine™ chromophore series 3 material
© Lightwave Logic, Inc.

(c) 176 GBd PAM 8 back-to-back
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Symbol rate [GBc]
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Symbol rate [GBd]

lig 2 Back-to-back experimental results are split into 6 subplots (a-d) Respectively detailing the achievable information rate (AIR), net-data

rate (NDR), normalized general mutual information (NGMI) as well as bit-error rate (BER) for the back-to-back measurements (e-t) Showing
the achieved eye-diagrams for the 176 GBd PAM 8 signal reaching the highest AIR and the 200 GBd PAM 4 signal

() 1
0.95 ;
o
_ o)
5 09 Py
(0] R
‘ L . |
8250 " ram 2 S PAMZ [
g - PAM G e
200 PAM 4 0.8} —o—paus |31
s PAMS: oot |—25% spFEC| 37

150 200
Symbol rate [GBd)

100 150 200
Symbol rate [GBd]

250

Fig. 3 Comparison between back-to-back and 400 m fiber transmission is detailed in (a & b). Respectively showing the net-data rate and
normalized general information (NGMI) for the back-to-back (solid lines) as well as the 400 m fiber transmission (dashed lines). (c) Showing
the achieved eye-diagrams for the 160 GBd PAM 8 signal reaching the highest data rate after fiber transmission of 404.5 Gbit/s.
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LIGHTWAVE

Modulator Thermal Stability (TS)

04

- TheV_on 20
modulators is stable
over 6000hrs.

- The average shift over ~
6000hours is 1.2% and
it is within the margin of
error of the test setup.

Shift in Vpi

Time (Hrs)

Modulator V“ stable after 6000 hrs

© Lightwave Logic, Inc.



Photostability vs Voltage and Insertion Loss

»

LIGHTWAVE

100%

Photo-Induced Change in V_

Average % shift for 8 packaged
modulators.

Opfical Intensity = 0.5MW/cm?

No obvious degradation after 4300

hrs in high optical intensity beam

0

500 1000 1500 2000 2500 3000 3500 4000 4500
Time (Hrs)

10F

-No obvious degradation after 9000 -
hrs in high optical intensity beam

0 2000 4000 6000 8000 10000
Time (Hours)

© Lightwave Logic, Inc.

Photo-Induced Change in IL

Average |l shift for 8 packaged modulators

Optical Intensity = 0.5MW/cm?

Chan i in{L (dB)

No obvious degradation after 4300

hrs in high optical intensity beam

1000 2000 3000 4000
Time (Hrs)

Long and
short-term

photostability does

not seem to be an
Issue with LWLG
EO chromophores
when protected
from O,
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LIGHTWAVE

Implementing a new technology platform...

Licensing model provides inherent scalability

Goals

Chromophore & Make polymers ubiquitous
Polymer Matrix 1P (just like OLEDs)

Have device/PIC teams use
Patent
Licensing*

EO polymers in their
device/PIC designs
Technology
Transfer Have foundries use EO
polymers in PIC PDKs

Devices & PIC
Architecture IP

Supply polymer modulator

Fabrication & OSAs for transceivers

Processing

High Speed Package

& Assembly Design IP Polymers in broad market
verticals

*1st commercial material supply license agreement 2Q23 [0 market acceptance

© Lightwave Logic, Inc.



Heterogeneous integration takeaways...

* Our heterogeneous polymer/silicon
platform is poised to béecome
ubiquitous (just like OLED polymer
material)

*We are open to license our material,
do technology transfer, and to
leverage your position in the
market-place...

*EO polymers continue to show
technical progres.s.wr[hé)ol mer
reliability and stability...200G lanes
and performance head-room to go
400G lanes and more...




Marketing Contact: .
Atikem Haile-Mariam

Atikem.haile@ tightaneIo.qicecom
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3" party use of Perkinamine® LWLG polymers -

LIGHTWAVELOGIC®

Data transmission experiment rﬂgl

Digital signal processing (DSP):
Res

AWG
Keysight

Timing recovery
Equalization
M8199A —

Error counting

#*100GBd * 130GBd [+ 140GBd

e
Tl

BER=2.7*107 | BER=1.4"107 | BER=2.4"107
Up,p, =959mV | Uy, =936mV | Uy, =860mV

* EO polymer used in different :
device designs

» Silicon slot, plasmonic slot,
plasmonic ring resonator

* All produced world class .

| — Simulation f148 2 M0 GHz
O 0-110 GHz optical Intermediate-fraquency generator

results* S e—

o 20 40 60 80 100 120
Radlo-frequency (GHz)

» Presentations at industry e i
conferences 5 S

® 140 GBA PAM4, mainly limited by driver electronics
= CMOS compatible sub-1V drive voltage

10?2 10! 10° 10! 102 100 150 200 250
Frequency (GHz) Frequency (GHz)
Fig. 3: Dandwidtn. Dandwidth of
. response of the
‘system showing an EOE banawidth of 250 GHZ respon 100 to 250 GHz scale.

Electro-optic $21(dB)
b & b o w

Norm. optical

power (dB)

o
-30
-60

220 GBd 2PAM

H

[Pt oiil i RN e el e ek

{ 320 Gbps 408 Gbps

' et '

| Transmitted - o @ o - w5 B

| aye diagrams ‘.5,5! xX |l Pk E
M I — 4 "

220 GBd 2PAM 160 GBd 4PAM 136 GBd 8PAM

Sources*: KIT, SilOriX, EU Horizon 2020, ETH Zurich, Polariton, CAU University Kiel (post deadline paper published at ECOC2022 using LWLG EO polymers) 4 Smosae . oaneom. SR ad

Sources*: Nature Photonics: Resonant plasmonic micro-racetrack modulators with high bandwidth and high temperature tolerance (ETH Zurich, Polariton and LWLG EO polymer material)
© Lightwave Logic, Inc. 33






Polymer attributes are impressive... -

LIGHTWAVELOGIC®

Silicon* Indium Phosphide* Lithium Niobate* Barium Titanate*

High speed High speed High speed High speed
5 5

5
M|
Low power Low power Low power Low power

Stability Size \ // Stability ~ Size
( Polymer Slot* \

High speed

Size Stability ~ Size Stability

Size

Stability

NS
Plasmonic N &

K Low power j

Technology spider chart O polymers have strong coverage [0 excellent performance

Source: Lightwave Logic (LWLG), *best estimates
© Lightwave Logic, Inc. 35



How important is glass transition temperature (Tg)?

The thermal lifetime
of an EO-polymer
against thermally
induced depoling
material at 85°C will
increase with
increasing Tg

The lifetime at 85°C
for a polymer with T
=180°C is >107 time$
greater than

that lifetime for one
with Tg= 100°C

© Lightwave Logic, Inc.

Depoling Time Constant (nrs)

100,000,000

10,000,000

1,000,000

100,000

10,000

1,000
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-t

Lifetime at 85°C vs Tg

e

Vv

-

o
N

S S

i LA i L L i el
9 110 130 150 170 190 210

Glass Transition Temperature (oC)

After Organic Electro-Optics and Photonics by
Dalton, Gunter, Jazbinesek, Kwon and Sullivan

»

LIGHTWAVE

Design for
Reliability:
Increasing Tg [

means much higher
lifetime in
electro-optic
HELCES



