Low Warpage Solution for MicroLED Displays
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Facilities in UK and Asia
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@ Turn-Key technology transfer support
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What is heeded

Process a
temperature

LTPS 1GZ0 a-Si
Smart OTFT

Smartkem is offering a Low-temperature semiconductor platform

Solution-coated ( )
frontplanes, OLED and EQD

A manufacturing process
compatible with amorphous
silicon infrastructure with
higher performance

Low temperature
processing that enables
backplanes that are
solution-coated on low-
cost substrates
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MicroLED Backplane requirement: Low [R drop
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Fig. 4 lllustration of Vpp voltage drop. a System schematic of an AM panel. b Voltage drop on a Vnp line Huang et al. Light: Science & Applications (2020)

9:105
In addressing panel performance while minimizing heating issues, adjusting the driving scheme
through duty adjustment is a visible approach.
* Reducing IR drop necessitates increasing metal thickness, leading to the implementation of
panel-level RDL (Redistribution Layer) processes.
- RDL processes require a thicker dielectric thickness (>10um) compared to the conventional

Tum or 2um dielectric (PFA) used in TFT-LCD
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Physical properties for Conventional Dielectric vs. Warpage
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Fig. 11.  Effect of glass carrer thickness on wafer warpage. Dielectric thickness (um)

Article in IEEE Transactions on Components, Packaging, and Manufacturing Technology - December 2018

DOI: 10.1109/TCPMT.2018.2889308

Effect of PID (photo-dielectric material) on glass warpage :

When PID thickness Tor carrier thickness | >> Warpage 1T
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Temperature effect
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Low Warpage Solution via Low Cure (Low-Temperature)

TRUFLEX® Product SPEC: Cu sheet resistance <=0.002 (/o) Substrate dimension : 370mm x 470mm

w/ Stress
Compensation

Low Warpage

0.65mm

0.65mm

High Warpage

©2024 Smartkem. All rights reserved

0.65mm

0.65mm
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Smartkem’s TRUFLEX® Materials

TRUFLEX" Organic Gate Insulator

TRUFLEX*Organic Semiconductor

TRUFLEX" Base Layer

Ease of

TRUFLEX® Passivation Layer

TRUFLEX® Sputter Resistant Layer

Solution processed

TRUFLEX® Carrier Injection Modification

Drop in technology

Technology Transfer

Chemistry, process and stack owned

At 80°C

Formed on low-cost glass & plastic

for today’s fab lines

(and ready for next gen printing)

World leading
electronic performance

Meets industry critical
test standards

©2024 Smartkem. All rights reserved

Outperforms market leader a-Si
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Mobility and current uniformity - overlaid on same graph

Mobility Calc & |_Drain Abs vs. V_GATE

Mobility uniformity' = 4.1%
Max/Min? U%=8%
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Where((Sweep Direction = FORWARD) and (Substrate ID = X4UNI0702-03) and (Device Name = D1_L5 W1115) and (Regime = Vd=-2V))
Variability Summary for Mobility
Mean Std Dev CV Lower 95% Upper 95% Minimum Maximum Range Median Observations
Mobility 2.5 0.1 4.1 2.5 2.6 2.3 2.7 0.4 2.5 41
Variability Summary for Vto Forward
Mean Std Dev CV Lower 95% Upper 95% Minimum Maximum Range Median Observations

Vto Forward 4.6 0.4 8.5 4.5 4.7 4.0 55 1.5 4.5 41




Monolithic MicroLED Via OTF s

OTFT

backplane' % ‘ ‘;H: a

+ Process can be scaled from 10ppi to >1000ppi with ED I j

appropriate lithography tools

Nature Communications 14, Article number: 6985 (2023) ‘ Cite this article

3591 Accesses | 1 Citations ‘ 544 Altmetric ‘ Metrics

Tmm pitch bottom emission (27x48) 100 micron pitch bottom emission (48x48) - 254ppi
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Mass Transfer Process for MicrolLED Displays

Diode Laser Beam

PP PEP After LAB

Individual LEDs Bonded
to Final Substrate

Laser Assisted
Bonding (LAB)

Major Yield Loss steps, Required mass repair !

©2024 Smartkem. All rights reserved



MicroLED via Chip First RDL Process

Conventional Smartkem approach
LAB (Laser Assisted Bonding /E £ &%) RDL Process Via PID materials

MicroLED

MicroLED

Low melting point metal Mo/Al/Mo
Or Or
' Thick Au Cu
Or or
Solder ..etc Ti/Al/Ti
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Overall MicroLED via RDl_ Process

o

Chip on Sapphire Lift-off sapphire via blue tape Lamination on COC2

N

= /
P —> -~
e ——— et COC2 with target pitch

Laser re-pitch

©2024 Smartkem. All rights reserved
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Smartkem MicrolLED Displays

|—> OTFTs array
-- m

©2024 Smartkem. All rights reserved

i—> Catch layer

oC
72.6um AFf  OC 21.6um

T {E#E Cu3.8um

123 Ouml OC 235.0um

S4700 10.0kV 12 5mm x1.00k SE(V)
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Our Offerings

Via Smartkem Chip-first approach

« Cost of micro-LEDs will be about $10 for an 8x15 die size (maybe
S7 for 8x8 dies) - based on S1000 cost of source wafer
Termination of Micro LED Apple Watch !! 7= TRENDFORCI
« Remainder of COC cost will be the cost of die sorting, testing,
pitch adjustment (S39) - assume same as for 8x8um Apple case

Apple 2.12-inch Micro LED Watch BOM Cost Analysis

A 8 « Stamp transfer/Repair cost could be substantially reduced if the
. = = = chip-first approachis used (no transfer and 1st time yield
e vnaon e - R increase of 99.99% —99.999%) - <S5 repair cost
S oo wgmees | fSXIE 250 o OTFT backplane cost will be <50% of LTPO cost
« Total cost would therefore be $72 (vs S119) - %40 reduction
T 08x08um RGB Micro LED (COC) T Potgntlal further rgductlong WOUlC! come from greater efficiency
L stampTransfer/Repair (99.99%) s % ||  Indiesorting, testing and pitch adjustment
eion...... OLEDDrveriC(Onm) . 10 . 8% (maybe blue + QD-CC approach would be lower cost)
______________________________ 212-nchLTPO M0 8%
______________________________________ CoverGlass . ...l....83 ... %%
Total 119 100%
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An Introduction to the Monolithic
OTFT-on-uLED Process

Exploiting Smartkem’s Ultra-Low Process Temperature
to unlock novel methods of micro-LED backplane manufacturing

Smartkem



Smartkem

Thank you

For more information contact us:

Manchester Technology Center
Hexagon Tower, Delaunays Road,
Blackley, Manchester M9 8GQ UK

+44 (0) 1617211514

enquiries@smartkem.com
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