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Overview

| Micro LED Application
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Overview

| Micro LED Application
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Overview

| Chip Size Vs. Application
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Overview

| LED Vs. MicroLED

[ Mini-LED] [ Micro-LED]
5 ym. 100 gm S 24m

* EBL : Electron Blocking Layer SPSL : Short-Period SuperLattice



Overview

| Market Trend & Cost Road Map

TE 2023 2027 2032 2037 2045
LCD 768.5 812.5 734.7 611.6 454
OLED 467.3 577 498.8 624.1 659.4
Micro LED 0.3 19.6 160.1 415.7 799.8
Others 5.6 5.8 294 52.4 63
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Overview

] Cost: OLED Vs. MicroLED - Efficiency & Quality

= Determination of adaptable Cost

* Source : Yole 2022
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MicroLED Display

| Manufacturing Process : Maturity

= Needs new a technical solution below the middle level of maturity profile

Backplane Manufacturing Pixel Bank

* Thin Film Transistor circuits Pixel bank a + Pixel bank structure: bonding pads, reflectors,
(LTPS or IGZ0O) on large (up N — black matrix, planarization, top contacts.
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MicroLED Chip Production

| Micro LED o] U £EXI
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MicroLED Chip Production

| Micro LED & M= =23

= Lateral Type

¢ Then epitaxial layers are formed from undoped low dislocation density GaN, n-GaN, active
multiple quantum well layers (MQW), p-AlGaN to p-GaN.

¢ Taking a later LED structure as an example, then the epi-wafer goes through photolithography
and etching to form mesas. Then after ITO deposition, contact formation, substrate thinning,
reflection layer deposition, the final LED arrays are formed.
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Acceptor contact layer SRS RLET -
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Electron blocking layer SN EETIRPN R TR N )] N-GaN / =h
MW structura /
InGaliGaM MW
tructure 1 N XInGaN Well Isolation Mesa Transparent
s N X GaN Barrl MOCVD GaN
. aN Barrler Dry etching Dry etching conductive layer
M-type current spreading layer M-GaN (GaMN:Si)

+— M-glectrode

~ .
VNI Low dislocation densify GaN - N ohmic
= — —
Substrate g g

MW Buiple quantum wall -
TEL: Transparent conductive layer

Contact Bond pad Passivation



MicroLED Chip Production

| Micro LED & M= 23

= Vertical Type

¢ After epitaxy, GaN epi-films are grown on sapphire wafer. P-contact is also deposited on top.
Another substrate (e.g. metal) with better electrical and thermal conductivity is bonded to the
p-contact. Then KrF excimer laser beams scan across the device. As sapphire is transparent to
the wavelength of the excimer laser (248 nm), laser beams are absorbed by the interface

between GaN and sapphire

¢ Sapphire substrate is then removed from the epi-film. Finally, the device is flipped for the n-

contact (back contact) to be deposited on top.

Epitaxial GaN films Bonding of Laser-Lift-Off Removal of Back Contact
on Sapphire Wafer  Metal Wafer Processing Sapphire Wafer Formation
and Front Contacts
M
p-GaN p-GaN p-GaN p-GaN n-GaN
n-GaN n-GaN n-GaN n-GaN
p-GaN + Contact
Metal Wafer
Sapphire Wafer Sapphire Wafer Sapphire Wafer

Physics Procedia 41 (2013 ) 241 -248

Laser lift-off (LLO)

Laser-induced breakdown at
i beam focus: GaN - Ga + N,

Laser il
A=1030nm p-GaN
1p=350fs InGaN MOW

0.24 pJ

n*-GaN
Objective
NA=1.25

=



MicroLED Chip Production

| Micro LED | M= 2H

= Flip-Chip Type
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MicroLED Chip Production

| Micro LED | M= 2%

= Flip-Chip including anchor for transfer & bonding

N-GaN - —_—
Substrate Substrate

Epitaxy Mask #1: Mesa definition

s

Substrate

Dielectric mirror deposition

Substrate Substrate

Mask #2: Dielectric mirror patterning Conductive contact deposition

Mask #3: Contact patterning

Sacrificial layer deposition Mask #4: Sacrificial layer patterning

Handle Substrate

Handle Substrate
Flip structure

Substrate

Laser Lift-off + bonding of the handle
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Handle Substrate
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Epi. / Chip Fabrication

| Efficiency

= Mechanism of Light Emission

¢ External Efficiency

% < E Ny A FSEANEE
Nint X Nextr photon = o = o
ox = N -HF A=
V; xq N, SNESS
¢ Internal Efficiency
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Epi. / Chip Fabrication

| Efficiency

= 2RUXRE « HEHERE
¢ Wall Plug Efficiency
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Epi. / Chip Fabrication

| Efficiency

= RS 2E
¢ Epitaxial

I/e _ Pipe/(hv) -MocvD | Ui 20070 & &4 3 (6 ~8 AlZH
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1[1¥ Epi. / Chip Fabrication

| Efficiency

= Defect & Dislocation

[ Dislocation & Thread Defect ]

dislocation

LED dislocation density : > 108/cm?

!

MOCVD+HVPE+MBE
= New Equipment

High Quality Epi.
- Material Issue

il

“
il

I'II I -
'h“nn\ﬁ\ 1’I||h‘|‘l||||| Micro/Nano LED dislocation density :
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(1EA / 1 um pixel > 10%/cm?)
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AIN 200nm
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LED defect density : > 10 EA/cm?

Wafer Topological Epi. Thickness
Defect > GaN < 3 um > GaN
Template Template

Micro/Nano LED Defec density :

< 0.1EA/cm?




Epi. / Chip Fabrication

| Efficiency

= HESA 28

¢ Efficiency Droop : the reduction of efficiency with increasing current or temperature(thermal droop)

> Two of the most recognized mechanisms are poor hole injection efficiency, Auger recombination and carrier
leakage and the efficiency droop in c-plane GalnN/GaN LEDs is exacerbated due to the polarization effect.

> To solve this issue, very low-droop blue GalnN/GaN LEDs have been realized on semipolar and nonpolar
GaN substrates with reduced or eliminated polarization effects.

p+GaN ~20nm

pGaN ~200nm
pEBL ~20nm

MOW
Superlattice

n+GaN ~2um

et

nGaN ~2um

uGaN (undoped GaN) ~2um |

Wetting layer (10~100nm)

Sapphire (c-face) 550~600um
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Carrier Overflow

Polarization
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e
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Point Defect
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Dislocation 4 ¥ + i 4

L]
100

200
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L=
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I!!' Epi. / Chip Fabrication

| Efficiency
= MOCVD (Metal organic Chemical Vapor Deposition)
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Epi. / Chip Fabrication

| Efficiency

= MOCVD (Metal organic Chemical Vapor Deposition)
¢ Plenetary Type (Hybrid) Vs Barrel Type (Vertical)
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carmier + group |l elements
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Epi. / Chip Fabrication

| Efficiency

= MOCVD (Metal organic Chemical Vapor Deposition)
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Epi. / Chip Fabrication

| Efficiency
= MOCVD (Metal organic Chemical Vapor Deposition)

Phsophine (PH ;) molecules

react on surface, Mismatch Si SiC
leaving phosphorous o 2 act
WAl M Dl Crystal Structure FCC HCP
~ i [ Tattice Constant (A) 5.43 3.08_|
Trimethylindi um( TMIn) Reaction By-Produwcts Lattice Mismatch (%) -16.9 3
[swﬂéﬂﬁéﬁﬂﬂm J ( (CHy) Leave Reactor | Thermal Expansion (10~ ° K) 3.59 43
subspecies. / Thermal Mismatch (%) 55 30
Eﬁ?ﬂ:;ﬁ;:%g‘ / Mismatch Sapphire AIN GaN
Crystal Structure HCP HCP HCP
- | Lattice Constant (A) 4.758 3.112 3.189 |
= Lattice Mismatch (%) 16.08 24 -
Thermal Expansion (10 ° K) 7.3 4.15 5.59
Thermal Mismatch (% —-23 34 -

i

; o Common metallic crystal structures
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Epi. / Chip Fabrication

| Efficiency

= Lattice Structure

[ GaN 0001 axis C-Plane ] [ Sapphire 0001 axis C-Plane ] [ Si 111 axis ]
foooy) 4 C-plane
a;[001]
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110) _
c-ixus 0 Ga atom N
O N atom | al010]
a,[100] i

A-plane
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W |
/f
=

Y+ige'cl=*




Epi. / Chip Fabrication

| Efficiency

= Lattice Structure

Lattice Mismatch Thermal Mismatch
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Epi. / Chip Fabrication

| Efficiency

= Polarization & Electric Field
¢ OEJEI-OIE(Wurzite)
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Epi. / Chip Fabrication

| Efficiency

Polarization & Electric Field
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1[1¥ Epi. / Chip Fabrication

| Efficiency

= Polarization & Electric Field

& Usually the barrier and QW regions have different polarization values, producing a discontinuity at the
heterointerface. The polarization discontinuity manifests as a bound interface charge, which density is usually of
the order of 1013 cm resulting in large electric fields in the quantum well of the order of ~ MV/cm

¢ Quantum Confined Stark Effect (QCSE) = Reduction of IQE, Increase of threshold voltage

» The polarization-induced field in the QW reduces the transition energy from the first electron subband to the
first hole subband resulting in a red-shift of the emission

Without field With field 5r

E. Qw E. 45

|/ \}— Electron _ Electron 4r

= = wave function wave function a5

E
Polarization s 3
hv, | v < hv. ] field e s 2.5

2 < IV N> T <7

1 = 15

. N N it

EV \ Hole EV HOle 0.5
wave function wave function 0 - ; - - |
0 0.1 0.2 0.3 0.4 0.5

InGaM composition x

Takeuchi et. al., 1997; Deguchi et. al., 1999, https://www.sciencedirect.com/topics/chemistry/quantum-confined-stark-effect
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| Efficiency

= Polarization & Electric Field

& Usually the barrier and QW regions have different polarization values, producing a discontinuity at the
heterointerface. The polarization discontinuity manifests as a bound interface charge, which density is usually of
the order of 1013 cm resulting in large electric fields in the quantum well of the order of ~ MV/cm

¢ Quantum Confined Stark Effect (QCSE) = Reduction of IQE, Increase of threshold voltage

» The polarization-induced field in the QW reduces the transition energy from the first electron subband to the
first hole subband resulting in a red-shift of the emission

Without field With field 5r

E. Qw E. 45

|/ \}— Electron _ Electron 4r

= = wave function wave function a5

E
Polarization s 3
hv, | v < hv. ] field e s 2.5

2 < IV N> T <7

1 = 15

. N N it
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Takeuchi et. al., 1997; Deguchi et. al., 1999, https://www.sciencedirect.com/topics/chemistry/quantum-confined-stark-effect
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| Efficiency

= =) R . . . .
= LB UXISE : Polarization & Electric Field
& Oscillation strength of polarization & electric filed

> The rate at which an electron in the conduction band state |c) relaxes to an empty state (hole) in the valence
band |v,> by emitting a photon is given by Fermi’s golden rule for optical transitions

» The optical radiative transition rate is proportional to the strength of the interaction between the electron and
photon systems.

» The spatial separation of electron and hole envelope functions due to the field in the QW reduces the radiative
recombination rate, thus allowing non-radiative processes an upper hand in the competition for carrier
recombination, leading to reduced IQE of light-emitting devices.

Without Field With Built-in Electric Field After Current Injection -
F=25MV
E, Qw E, Qw E, Qw 5 MV/em
% Electron I o~ | )
E1(t) - \f/a[c!eglrv(:ztron \|A Wave Function . ! ;:, F =0 M\Vicm
Vave Func i -
L I-/”l .g -
Polarization Field i Polarization Field g | °
V ho, in QW : in QW < v
ANANANA e g
1 £ 11;.1
- ' EL
E2(t) ~ " HpO'O 2
) Hole Wave Function
M Wave Function - (5
E, E, v ) ‘
Upon application of forward bias, excess carriers are injected into the QW, which screen part of the polarization -5 5 10 15 20
field, leading to blue-shifting of the spectrum with increasing current density Thickness (nm)

Im et al., 1998, https://www.sciencedirect.com/topics/chemistry/quantum-confined-stark-effect
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| Efficiency

= Multi-Quantum Waell

¢

Non radiative recombination : At a side of the edge, partially filled electron orbitals, or dangling

bonds, are electronic states that can be located in the forbidden gap

Auger recombination : dissipated by the excitation of a free electron high into the conduction
band, or by a hole deeply excited into the valence band.

Thread Defect =

Carrier by-path > Leakage Current
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| Efficiency

= Multi-Quantum Well
¢  Why multi-quantum well (MQW) ?

» Non-radiative recombination by non-linear electron & hole pair wave function = Narrow matching range = Thin
multi GaN/InGaN well structure

» Poor Hole Injection 2 AQW (Asymmetric multi-Quantum Well) : 15t Well < 2" Well < 3" Well ...
Quantum Confined [ Thick QW ] [ Thin MQW ]

A

Stark Effect _
\ » InGaN MQWs
I
P li -
Electron
\\/// N E. fuwnz;zn\l/ \ [ Asymmetric MQW ]

a 6 10 0w b ] E
@ ] n =y
S A 5 A EBL b 2.GaN
- ‘ ¥~ wave = Jl:. l
\J k\ Thick QW \\J functlon . (
\ - s 3 : “.”»:‘l
" E, = Higher polarization, N\ E, . E
Electrical Field
- Smaller electron & )
" Normal direction for hole pair Normal direction for
polar surface (c-plan) polar surface (c-plan)
(c-axis direction) (c-axis direction)

Chia-Lung Tsai et al., Materials 2014, 7, 3758-3771; d0i:10.3390/ma7053758
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| Efficiency

= Multi-Quantum Well

¢ Reduction of the stress by polarization & electric field

» Epitaxy growth on m-Plane(non-polar) GaN template - less strain as lower stress between Ga and N atom >

lower the simultaneous polarization and piezoelectric polarization

Polar (0001
'"0.1;)(;;0(.85"‘/(;3"‘ [ C-Plane Polar ] [ m-Plane non-polar ]
3 nm/15 nm
(@) <—<0001> | C(k?rgg{:)e , . High
polar Surface) . . .
S id B \ ! | SiC = Dislocation
- e | o
P [ (] (< | | or
sz m-plane(1100
Wt e GaN = Good
k] 8 8 ‘ S ' Lattice
8 = 3 ' \ . ' Matching
= o = \
© O ©
151 = (] \\/
\4
1 1
0.5 1.74 MV om— - Polarization charges appear at the interfaces of the polar-
or Fool ;> oriented QW and induce electric fields that spatially separate
__ —os} : electrons and holes in the QW.
> . . . .
2 ol - In nonpolar orientations, polarization charges do not affect the
% 30=’ band structure. Because of the internal electric fields in a polar-
[ = e
u oriented QW, the transition energy is lower than that of a
B | nonpolar-oriented QW (due to the QCSE). When a QW is
—4.0f embedded in a common + c-oriented LED structure, the internal
45 - = = e electric fields increase as the LED positive bias increases

Z(nm)

Chichibu et al., 2006; Masui et al., 2010
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| Efficiency

= HFSA=E

: Polarization & Electric Field

- It is seen that in the Ga-faced structure,
there is a barrier hindering the electron
injection into the MQW active region.
Substantially lower barrier is formed in
the non-polar and semi-polar structures

- The distributions of charge
concentration in quantum wells of the
non-polar and semi-polar structures are
more homogeneous and recombination is
more efficient

1.0 | Ga-polar i

L Semi-polar (11-22) |

0.8l Semi-polar (10-1-1) ]
Non-polar

Internal quantum efficiency

0.0 PR | P | PR | L 1 PR | 1 PR |

10" 10' 10°
Current density (A/cmz)

[ m-Plane non-polar ]

m-plane(1100)

non-polar surface]
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r-plane(1122)
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| Current Status

= Wavelength Uniformity

< >< > >€ >€ > Wavelength Dy Mk
Bin 1 Bin 2 IN SPELC. Bin 4 Bin & gt Py 3
| homogeneity requirement:
013 ' 2nm bi 1-2 nm across <2 nm
nm oin > =
EE!E! across
o1 . : wafer
0,11
0,10 ’ -
0.09 4 " .
Best in
4 nm
0.08 - class results
S across i
0.07 on existing L
‘ tools I g \ across

0.06 | w‘vb wafer
MicrolLED

o
0.05 - | ! Typical 6:“'2 \//
0,04 4 LED

mass
production

across

0.0 production f
002
[3]: 5=0.5 nm on 6" sapphire at 451 nm (Aixtron, 8x6” multiwafer wafer)
0.01 - =057 nm at 446 nm on 8" silicon (Allos/Veeco, |1x 8" single wafer reactor)
4= 5nm bin e Source: SID 2019 symposium
000 ! | I— ——a, Time
452 454 456 458 460 462 464 466 468 200 2020 2021 2022+
Wavelength binning distribution Wavelength homogeneity roadmap. (for 6” wafers)

Source: Veeco / Yole Développement
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| Current Status

4 )

= Wavelength homogeneity & Defects

~ ™

s EEZTTTEE
S0 [Toeenczenm o7 [ IR Fordetects | <0Jt0002am= | orearices
ez e | o 63

The ultimate goal is a “1 bin” capability 0.2 um defects could be killers.
in 8” wafers to eliminate wavelength For 1 um or less size, It needs that over-

binning. specifying would increase epi-wafer cost.
\- J y,

S s | Epi | CR Envionment
X X

Stains
Particles X X X
Scratches X 4
Pits, etc.... X X
Other defects X

* Source : Yole Development, IDTech EX Research
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| Material & Manufacturing Issues

= In standard LED production, defect densities fall into a 0.5-10/cm? range(1/cm?
typicalin tier 1 fabs)

= Defect density for Micro LED can be brought down to the 0.1-0.15/cm? range

- Defect size is 1/5th times smaller than conventional size about 1 um

p++ GaN
p-GaN

i-AIGaN EBL

InGaN/GaN SPSL

LED epistructure

3.75 um

Si(111) substrate

AIN nucleation

Si (111) substrate

| | | | |
Epi. Wafer Epi. Materials Particles Epi./Chip Defect
Quality (Precursor) Control Equipment Inspection
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| Wafer (Template) for epitaxial
= Wafer Defect > Epi. Defect > Dead Pixel

¢ Traditional LED Wafer optimized with typical dimensions ranging from 250 to more

than1,000 um not suitable for MicroLED

Figure 3. Defect types: (a) center, (b) local, (c) random, and (d) scrape.
Epi. B g f» v iR
Wafer ‘ e 's»-f\‘“-: gt
Quality - . ] SN
- . - ,'. d 4
(a) (b) (¢) d)
/ Small pits \ Large pit “'-EP';
: S —— ——— ml ‘—TDJ ’
Epi. .
High In SLs .
Defect Sapphire
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| Epi. Equipment
= MOCVD

NH;
Cooling Water Cooling Water

1
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R TN R VRS NGNS S
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[Shower Head]
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Low
[Susceptor]
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/ = Non-uniform heat transfer / Wafer holder

‘ﬁﬁﬁﬁﬁﬁﬁﬁiunﬁomhealﬂw ’ \ ./
e M

™ I
Heater element Heater element



1[1¥ Epi. / Chip Fabrication

| Epi. Equipment
= MOCVD : AXITRON G10-AsP

Peak Lambda

E
=
o
o
~
>
N

nm

627.2
626.6
626.0
625.3
624.7
624.1
623.5
622.8
622.2
621.6
621.0
620.3
619.7
619.1
618.5
617.8
617.2

>99.7% within 3 nm range

1 floating WL

Bin Yield
=Y
o
xR

w
o
R

0 2 4 6 8 10
Bin Width [nm]

PL Plot — Fully Loaded microLED Run (5 wafers)

* Source : AXITRON

Bin Yield (%) for all wafer area (21 x 200 mm wafers)
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| Epi. quality by epi. materials
= Gallium & Indium precursor in 6N purity level (99.9999%)

¢ The purity level and the process capability has been not verified for high qualified

production of Micro LED and Nano LED

[ Epi. Structure ]

p++ GaN

p-GaN
i-AIGaN EBL

InGaN/GaN SPSL

* Source : Yole Development, IDTech EX Research

[ Ga > TMGa(130 ~ 136 pm) ]

[ Quality & Capablity ]
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| Efficiency Droop
Side Wall Effect > Non-Radiative Recombination Emission

¢ Open bonds, chemical contaminations, and structural damages from the dry-/Wet-
etching process

¢ Sidewall effects can spread over distances similar to the carrier diffusion length,
typically 1-10pum. pLEDs which have similar dimensions are therefore very sensitive

Plasma
Passivation ama 0,12 L LI L L B
p-GaN/MQW i } X 500 um!ref
~ 0.5 um il ____4‘ 200 Mm
- 0,10 - e S |
n-GaN 4 um \ ./ ' 100 um
(luGaN __________ [RER] ' ’ N 50 um
Sapphire 0,08 20 um 4
15 um
L 10 pm
C 0,06 H -
L 250 um N L
0,04 - i
£ \\\
3 ) Usable area=96.8% . ; R
3 of total area 0.02 4 4o NORN -
1 Hm i £ N,
Usable area=4% of 1 . S P I
- total area 000 =i 0 in il i PP
246 pm 1E-3 0,01 0.1 1 10 100 1000

Current Density [A/cm?]

* Source : Yole Development, IDTech EX Research
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| ALD Passivation
= Atomic layer deposition (ALD)

technique to deposit a SiO:

layer for sidewall passivation,

together with KOH chemical
treatment followed after.

¢ The electroluminescence images of

the pULEDs (sizes from 10 ym to 100

um) before and after sidewall
passivation, as well as the EQE

distribution clearly show the effect of

treatment, which significantly
improved the device performance.

SiO, sidewall passivation

ITO r‘” |
*-GaN
pp-GaN = — 8
AlGaN EBL P ——_
6x InGaN/GaN MQW —
30x InGaN/GaNSL a7

ODR
o — Gold

n-GaN

* Source : Yole Development, IDTech EX Research

Nickel
Aluminum

EQE (%)
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40+

T

T

304

204

—— LED 1: No passivation
—LED 2: ALD and plasma etch
—LED 3: PECVD + HF etch
——LED 4: ALD + HF etch

}
T -

l L
1 1]

20 40 60 80 100
Current density (A/cm’)



Transfer & Bonding

| Transfer Technologies

Process Type

-

Die pick up & Die release &
holding positioning forces

* Source : Yole Development, IDTech EX Research
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Transfer & Bonding

| Transfer Technologies

= Chip structure for assembly
¢ Flip-chip > Vertical chip : Pick & Place > Self Assembly because of smaller size, bonding process

[ Flip-Chip with template ] [ Flip-Chip without template ] [ Vertical Type ]

Roughened n-GaN layer

Metal Mirror n-GaN layer

p- electrode

[ Pick & Place ] [ Massively Pick & Place ]

5.!
f.um_. r_'.'lr.L J_.t'. {4

[
|
[
[
|
[
bl brakipag |
[
[
|
[

* Source : Yole Development, IDTech EX Research




Transfer & Bonding

| Bonding Technologies

Flip-Chip Flip-Chip/Vertical Flip-Chip : < 15 um
Size : > 100 um Size : < 50 um Vertical : < 5 um
| | | 1 | |
l Panel Level ] l Wafer Level ] l Wafer+Panel Level ]
Solder Printing Adhesive Bonding Electroplated Bump

Dactropioted A Mm

ﬁ Passwation

o bap
| - A — . o
B Peonor
| |

Thermal-Compressive / Laser Assist Bonding

* Source : Yole Development



Transfer & Bonding

] Bonding Technologies

= Bonding Solution : Micro bump Interconnect based on solder deposition

¢ The limiting factor in term of die size is therefore the interconnections : The minimum

pad area is 5x5um and the space between pads ~5 pm as well (i.e. :

the pitch is 10pam)

¢ Can be the master solution of all Micro-LED display manufacturing ?

20 - 30 pm —
15- QF‘

30 - E(lum:u —
20 GL).n\p!I ——

10 por S
|m91c 10 pm pitch

o

IMC areas —

Standard flip chip bump  Fine-pitch bump  Solder microbump C.u plar bump IC ndum bump (lit-of)
Evolution of traditional semiconductor packaging bumping
requirements

Source: Sami Yahanen-Advacam/CERN —ESE 2010

o’ i
5 um

Source : Yole Development 2019

[ Plated Bump + NCF + Laser ]

| Carrier wafer ]

Target wafer

[ Pre-Aligned Conductive Adhesive ]

Tak F, et.al., “Non-conductive film and compression molding technology for self-assembly-based 3D integration”,



06 Monolithic Integration

| Panel Fabrication at Wafer Level

= RGB PLED on the wafer or selectively transfer substrate is bonded onto
CMOS substrate

= Passivation and metal circuit is fabricated after the transfer & bonding
process

: T

Bondin, th|F|m LED Epi LED Epi

(@) (b)
| m©@@
: OOO@G@OO & i

¥ 00000006
¥ 0©©©0©0e B deewie

4

* Source : Yole Development, IDTech EX Research




06 Monolithic Integration

| Panel Level : Monolithic Integration
= X-Celeprint & X-Display

¢ The display substrate is pre-patterned with column wires and pLEDs are transferred to the
display substrate by elastomeric stamp. After transfer, standard photolithography and reactive
ion etching (RIE) opens a via and finally the formation of a second metal level connects each

MLED anode to each driver segment and also provides the row wiring to the cathodes of the
MLEDs of the array.

Populated stamp
. PM PLED array fabrication

-
R B source wafer: / - \
Ditferent source for A g -

each colour et

HLED sites on
the target panel

Row wire

1A

: dielecing =
ULEDs on the native Transfer printed pLEDs Interconnected V' e I.:-m
SouoE 1 Culapint source wafer after via formation MLED pixels sy T 5

Source : IDTech 2020 Micro LED Displays



Conclusion

| Disruptive Technologies and Processes

= MicroLED display manufacturing can leverage many existing
equipment and technologies from the display, semiconductor, and

LED industries.

Power GaN

Si Semiconductor

- CMOS foundries : backplanes or
microdrivers.

- Packaging processes : TSV, TGV,
Bonding.

- EOL Inspection and metrology
Tools.

- Munufacturing System : high-
volume wafer processing,
outstanding quality control, and
yield management expertise

LED,
Photonic Semiconductor

- Fairly mature MOCVD epitaxy
tools 2> Need New System

- Chip Process = Higher
Precision Lithography
Equipment

- Wafer inspection, Electric &
photoluminescence, etc

- High placement accuracy chip
bonding (VCSELs, photonics
components assembly), more
bonding techniques.

Flat Panel Displays

- TFT arrays + inspection, testing,
repair.

- Panel testing (chroma, mura...).
Panel repair.

- Driving, compensation.
Modules, SOCs.

- QD patterning and deposition
(likely QD-OLED)




Conculsion

| Disruptive Technologies and Processes

Semiconductor

Micro/
Nano
-LED

Display

Atomic Level Deposition, Nano Scale Lithography(EUV, ArF/KrF/Stepper, ALE,
ICP, RIE), Ultra Thin Patterning & Insulation (Sputter, E-Beam), High Precision
Stacking, Packaging(TSV, Packaging) & Wafer Level Inspection

On Wafer
> 50 um < 30 um < 5um Sk
MOCVD (6", Multi-Wafer in MOCVD (12", Single-Wafer Hybrid

Single Chamber), Mask Aligner, in Single Chamber, Multi-Cluster) MOCVD
ICP, PECVD, Sputter, E-Beam || Stepper, Arf, KrF,

Evaporator, LLO (Laser Lift ALD+PECVD, ICP, Sputter, ALE,

Off), PL Inspection HLO (Hybrid Lift Off), EL / PL Inspection
G/B Stack & Re-growth epi, Core-shell

» Stacked R/G/B Chip » Axial Direction Growth
All GaN R/G/B All in one wafer

R/G/B Single
Chip
LTPS, Oxide TFT CMOS, GaN

TVs, Media Wall, Digital Automotive Vehicle, Smart Watch
Signage Future Mobility Smart Glasses




IIE, Conclusion

| Market

= Driving Forces
¢ New Market : Boundless Display Service - Beyond TVs
© Creation Market : AR & MR - Very Long time, High Brightness Solution
¢ Unique Market : Window Display, Automotive Display, Outdoor Display

= Huddles

¢ Unstable Supply Chain, Mega Investment Vs. Small Cash-Cow
© Needs the cooperation between LED, Semi. & Display Industry

| Technology

= New Technologies

¢ Almost perfect pixel and panel fabrication processes for display such as epitaxial,
deposition, dry etch, transfer, inspection etc.

= Different Fabrication Method by Application (Chip Quality > Over 7N)

¢ Large Display for TVs, Video Wall > Modular and one panel type based on assembly
process

¢ Small and Micro Display for smart watch and smart glasses > Wafer level process



AL C

Not Post-OLED !!
New Market Creator
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