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GaN on QST Introduction A/
0 GaN on QST Introduction Sh'ﬁwEtsu

1. Introduction

GaN: excellent material
high breakdown voltage and high switching frequency,
Substrates for epitaxial
*Bulk GaN : Diameter less than 6“ = very expensive
*Other substrates: Si, Sapphire, SiC
The GAP in coefficient of thermal expansion(CTE) = Thick epitaxial is not possible
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GaN on QST Introduction OST® 727 Shiﬁ%tsu

2-1. What is QST® substrate?

QST® : Qromis Substrate Technology
(Shin-Etsu Chemical got the License Package in 2019.)
Basic concept : Matching the Thermal Expansion Coefficient (CTE) with GaN.

(*) Si<111> lattice also expanded to
almost the same width as GaN while
Epitaxy due to the very thin layer.

Capable of growing GaN

BOX (Buried OXide)

Ehgineeréd Layers

Poly-Si (Poly-Si) *For electrostatic chuck
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GaN on QST Introduction -
0 - QST substrate feature Sh’ﬁ/ﬂEtsu

2-2. QST® substrate feature 1

CTE Matching - Realizes high-quality thick GaN growth with small warpage.

Comparison of CTE by substrate material

CTE vs. Temperature Si substrate

GaN on Si warps significantly due to tensile stress because the thermal

(e
' expansion coefficients of GaN and Si are significantly different!

5399

Thick GaN
tpuffer layer

0 200 400 600 800 1000 1200
Temperature, °C

v' High voltage resistance = Thick GaN ( >=20um)
v’ Defect Density 5E6 /cm2 =1/1000 of GaN on Si
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GaN on QST Introduction A
0 - QST substrate feature ShlﬁEtsu

2-3. QST® substrate feature 2

Minimizes thermal distortion - Simplified buffer layer
( Shortens TAT! & Save material resources! *TAT=Turn Around time)

6um
=4 A= A
Thin Si layer naturally matching 2 : :2
while Epi growth. 2 1€
i 1=
bl 1S
- £ |
= O
Buffer layer can be simplified 9 : :w
(G
i i
- | |
Growth time is cut in half! : :
' +

<

Comparing with on Si with 6um GaN growth
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GaN on QST Introduction -
0 - QST substrate feature Sh’ﬁwEtsu

2-4. QST® substrate features 3, 4

Possible to utilize same process line for Si.
Potential for large Diameter for GaN.

Standard substrate thickness Realization of large diameter
1 a o - ~
"""""" i under :
!-@;@ i S sz"*ﬁé;’ag
foGaly 4 | ' From2024
2 ' Sample schedule g
t=1000~1500um 6” t=625um , CooT oo
for warpage 8” t=725um 6”GaNonQST  8”GaNonQST  12”GaN onQST
I:' : (SEMI Standard) L=6251m =7250m
i (13.0um GaN) (7.8um GaN)
v v
v
Limited to Can utilize Reduce traditional vertical GaN cost to 1/10
semiconductor general e
devices with semiconductor [2"GaN e
special equipment! substrate] > substrzte]
specifications o -
chip cost <Substrate cost> chip cost
1 Equal or below 1/10 or less
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GaN on QST Introduction -
0 - QST substrate feature ShlﬁuEtSU

2-5. QST® substrate features 5
“Solution proposal” for QST® x CFB® for vertical GaN

QST® enables to utilize CFB® process to transfer GaN layer to various Substrates.

Removing Insulating Buffer Layer/ Bonding to a conductive Substrate with high heat dissipation.

Shinctsuy QST® OKI CFB® (Crystal Film Bonding)
Removal : Transfer : o
GaN on QST (GaN functional (For various & 'After joining

GaN functional layer

layer only) Substrate)

& Metal deposition
different type of
substrate

Micrograph after bonding

v Vertical

ivel
substrates conductive!

v" Ohmic!

Metal

v High heat
various substrates Cross-sectional SEM
( Reclaim and reuse : photo after bonding

under development )
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GaN on QST Introduction A
0 - QST substrate feature Sh’ﬁ/ﬂ%tsu

2-6. QST® substrate feature 6

QST substrates have been proven for various GaN devices.
If “vertical conduction" is realized, the possibilities will expand further.

"Proven with various GaN devices"

1 ,800V Epi buffer vertical leakage

T Multi-finger Trench Gate GaN
MOSFET (WG, eff = 60mm)
1605
-
1£.06
z 1807 4
|< 1608 A 7
109 o -
1510 i
1E11 Buffer layer (insulation)
0 200 400 GOO 800 1000 1200 1400 1600 1800
vivi QST board (insulated)
15um buffer
[Semi-vertical GaN device]
Lateral GaN ; e,
. 1
Power Devices L G0V %00y 100V 1so0v 1800V
] MES

Lateral & Vertical
GaN RF HEMTs

)
J\ Provided by Qromis

/QR MIS
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GaN on QST Introduction A
0 - GaN on QST possibilities Sh’ﬁEtsu

Feature 6. Proven with various GaN devices

VERTICAL rower DEVICES on QsT®
Semi-Vertical GaN Power Switch on QST

GaN p-n Diode and Trench Gate GaN MOSFET on CMOS Fab-friendly Semi-Spec QST®

Sum-thick Drift Layer GaN p-n Diode Multi-finger Trench Gate GaN ) .
£ MOSFET (WG, eff = 60mm) Provided by Qromis

F Pa_sm P contact
n*-GaN 200 nm i '

pGaN 800 nm,
1E19 Mg/em?

n-GaN
5000 nm

Gate Dielectric

n*-GaN 2.5nm Al,0; and 100nm SiO,
1500 nm

u-GaN
Strin compensation lyers Various vertical devices are under development

AIN 200 nm

QsT® due to the ability to grow thick GaN layers
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GaN on QST Introduction -
0 GaN on QST possibilities ShlﬁmEtSll

Feature 6. Proven with various GaN devices

New possibilities for vertical GaN devices

: . Kyma's GaN/QST Cross-sectional SEM and SIMS
This epi-layer was grown by =

Kyma (USA) on QST GaN -
template using HVPE to grow = 2
a 20um GaN layer. S o B
£ w 8
“ E .E."/‘ E.c‘:) é‘
_ 24.7um i
Thick GaN j = “

layer o200 0 im0 M : ictoees lum]” :
by HVPE TR " oo wou) 151

~ 5 . 1E+21 ——Sl —C l \ GaNL\ 1.E«07
3.4um ~ . 1E+20 — Gl — A ‘ r ‘.E'Cu}g
Y % 1419 HVPE/MOCVD 1Ew05 S
o Interf: -
X o E 1E+18 rerace \ . 1LE«04 g
L4 Y 2 ® 1E17 ’E'“i
y 3.4um § 1E+16 ‘E'OQg
f"‘ﬂ |MOtempIate L3 % 1E+15 1.6401 =
- | thickness . '_ —°

2 B § o % 17 18 1 23 =

(*) HVPE ( Hydride Vapor Phase Epitaxy )
for high speed deposition
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GaN on QST Introduction -
0 GaN on QST possibilities Sh’ﬁmEtsu

Feature 6. Proven with various GaN devices

Kyma's GaN/QST coupon cross-sectional TEM observation

(002) HMFW 99arcsec ” s \

24.7um “j

Epitaxial Lateral Overgrowth
(ELO) x2 significantly reduces
through-going dislocations.

j Low dislocation density GaN
layers of up to about 5x10% cm-
have been obtained.

= Alo.2GaN
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GaN on QST Introduction

GaN on QST possibilities Sh'ﬁ/ﬂ tsu

Feature 6. Proven with various GaN devices

Kyma‘s GaN/QST XRD
We are now ready to take a new step toward vertical devices.

FWHM(® ) FWHM(arcsec) ]
GaN(000d) 0,084 59 XRD results_ are quite good _
GaN(10-12) 0.054 196 for GaN epitaxial layer on Si seed crystal

(0004)w X-Ray Rocking Curve (10-12)w X-Ray Rocking Curve

25000 6000

_ 20000 ——analyzer _ 5000 ——analyzer
- S
- 4000
8 15000 2
£ 2 3000
£ 10000 g
JE g 2000
= 5000 - 1000
0 0
36.5 36.6 36.7 36.8 23.9 24 24.1 24.2
w (degree) w (degree)
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GaN on QST Introduction -
0 GaN on QST possibilities ShlﬁmEtSll

Feature 6. Proven with various GaN devices

QST's horizontal GaN power devices Provided by Qromis
Insulating buffer layer of 15um allows for 1800v breakdown voltage

Insulating Buffer thicness vs.Vertical BV(V)

2000 1 ’ 800V Epi buffer vertical leakage
1.6-04
1800
~ 1600 1.E-05
S 10 .
10 ﬁE' LE-07
"o 1000 5
Q < 1E-08
-E 800 =
g 600 1609 -
— —— —CNT
i 0 1.E-10 N2
' 200 06
Insulati ng sulating Buffer: 2.5-to-15pm Thick 1E11
: 0 200 400 600 800 1000 1200 1400 1600 1800
buffer AIN/ AlGaN Buffer 0 2 4 6 8 10 1 U 1 vivi

Thickness (um) 15m buffer gt

Current GaN device
600-800V range
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GaN on QST Introduction -
0 GaN on QST possibilities ShlﬁmEtSll

Feature 6. Proven with various GaN devices

QST’s LED application Provided by Qromis
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GaN on QST Introduction s t
GaN on QST Summary h’F/// Sll

3. Summary

Features of QST QST x CFB Co-creation value

1. High quality & thick film GaN On an insulating QST substrate

— Realizes high device characteristics "Semi-vertical GaN" has been proven

2. Simplify the buffer layer J

- Buffer layer thinner than GaN/Si ;
uffer layer thinner than GaN/Si GaN function layer transfer

by CFB®

3. Standard Substrate thickness
— Standard semiconductor equipment
can be utilized. %
4. large diameter possibility
— Reduce the cost of conventional vertical GaN
to less than 1/10 feasible

5. Compatibility with CFB |
— Improve cost competitiveness through

Substrate recycling!

6. GaN device proven
- Various devices such as LED, POWER, RF, etc. lateral HEMT or LED

“Vertical conductivity” = “Vertical GaN”

(*) compatible with
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