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Fig. 1. Development history of composite substrates.
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Fig. 2. Schematic diagram of the standard surface activation bonding process principle.
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Fig. 3. Si 2p XPS spectra before and after Art treatment: (a) Before treatment; (b) after treatment.
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Fig. 4. Schematic diagram of the gas cluster ion beam devicel’s.
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A B AL R 2 R BT e B Rk 2 SiC S #%

® 1 ERRECHS TR

Table 1.

Comparison of key preparation schemes for composite substrates.
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Fig. 5. Comparison of resistivity between 4H-SiC substrate and SmartSiC™ composite substratel5).
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Fig. 6. Thermal conductivity measurement using laser flash
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K8 ApdfE SiC Al SmartSiC™ #HEHI £ 2.5 mmx 2.5 mm,
10 A UE MPS A 1 1 1 v L1

Fig. 8. Forward resistance of standard SiC and SmartSiC™
for 2.5 mmx2.5 mm, 10 A rated MPS diodes".

bEE S FPERE DL B T IR, AHOCHIF R Lk —
AR T EEMEE . Guiot 55 PO IR fE 2 TAE
F& i, Smart Cut™ T2 95| ARYFF1E AT,
B T SC B R E R A, 18 AT e X 40 il AU AR £k 7
AR WFSE N B BN S R LU TR
L 4H-SiC WK 5 A HRIRIMEZ 1# Shockley HE
BZEEY AT A, E 9 B, 5 R R, 2 A%
IR EREECE MY R RS B L. 2550 H
W ATAL AT REE— BB L BRI iz
g, Mz sh A6 2 SUGR AL i B 2k N 2 —.
PRI, X —Z5 R B W & S — Ui R A4
IR 51 AFEH 5 52 45 5 1m0 H) 55 08T FEPE;
F— R, W2 T 2R G RERCh A
PLEEAT AR T 1 B i — R B2

1 mm

B9 H 10 mmx10 mm WM X IR AELAMOGRT, B
SiC+10 pm SME (78) 5 SiC B G IE+IME (47) MR IR
A T AR BE X L

Fig. 9. Comparison of the severity of bipolar degradation in
a typical 10 mmx10 mm observation area under ultraviolet
light illumination, for single-crystal silicon carbide + 10 pm
epitaxial layer (left) and silicon carbide composite sub-
strate + epitaxial layer (right) .

3.2 prime £ SiC #/ZE /dummy Z& SiC #1 )&
&5

BRI A 4H-SiC W)Z /22 i SiC SCHE RS IR 41
bb, SiC & G IR AUEIE H2 T prime 2% SiC
JZ /dummy %% SiC R 4514, 2451 i $ Hh 32 %
U5 SiC b il i i 72 v A i iy (B 76 f A
AR BN TakFe v, Ge68 HEH T mtkRE D)%
AR 15 2R 1Y) prime 2% SiC IS LA XA BE,
TRZ2 5 SiC i 5 D RIS it | 2 T e o i Jmy 8 it
Ji AN dummy ZebRE ST 200, X
% dummy JRHIRKZ HEE1ERABE R, MOEHMIE B
EEREEIB dIDEED

T HE R B SiC AR A IR IR
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JRBUAS, o [ b2 Be ik B 5 BT LR T AR 4R
Wang 45 O 2 T —F2EF 150 mm 44 SiC
HARIRT %, AR RS RTE LSS
2B T2, ¥ prime 5 SiC WS ERZ
R R dummy ZEA N, SiC #JE L, IS B = i
HRZ GIRA AT IR EE L. S5RHZ M SiC
XHEBE SRR, %450 L IR T
A SiIC KRR, LRI K L 255 A
P BEOREE T prime % SiC VEN#4R 2 FoME
ALY, XA dummy 2% SiC R$H LRI
IRE, SEPUANRISEZ IR SiC AR EETAI .

prime 2% SiC {#)2/dummy 2% SiC & &#1EH)
il F i BB A L RETE LG FE S
LR HART S AR A 10 FiR, & JE/E prime
% SiC HittT HE B TIEA, 7529 90 keV, 6x10'0 cm 2
M NIRRT 85 2. Bl S % prime ZH dummy
PATICHEAT B F AR R ENE AL, HAE SR bkt
RS, 24012 870 C B AJF I BRI A, %
247 410 nm JERY RS, SiC HEFERE] dummy kS
JiE b BfifS IR 1700 C DA b miiR B E A R
TJf ek R I B, MRS H TAMEA K
GHIIE.

prime 2% SiC ## 2 /dummy 2% SiC %} JiE 45 14
AMURE#E R = dummy 2R & SiC AR, (A
e E P BT SiC MR R, DFoE 4
W, B prime 24 SiC #HRATEE A 30 IRLAL,

Dummy
Grade SiC

(1) H+ (2) Surface

Implantation activation bonding

(3) Room temperature

P — 5 A B SiC A IR BERSIE LR34t 30 J2 L)
R LR, %7, prime 2% SiC #EME
FIPEIFI, T EAE LA 1 dummy okt
R ARG M RL. Ik 2 prgl, IH—4k
BB LA AT B, 205 A AT IR A R AIG
25 40%, BERME T SiC YERERAFHE AR, [l At
/> SiC il it R AT

PR S R K TR Nl
PEBE 2 A AN, A A #RGh S B
W55 SIC B B 1y s AR UL BRI —[R] L,
Wang 55 (01 38 3 B A $4 R JH0 R G X prime 2K
SiC M2 5 dummy 2% SiC F iS22 ] i) A i $AH 5
. 2558 nE 11 B, i SiC/SiC #A
PG FEBHZ N 2.8 m2K/GW, HTE 300—750 K
TR N IEALEE RS, JB T E A SiC A A mH
BARAKE, LR A A A 2 IR #s A Ge

PR AR, SMERT T T #40) f
A PERE AT HEPE, Wang 55 B0 7E 150 mm & &%)
JE EE— 58 T SiC AMEA K BAIE, 255 R H
HINIE 52 TC B B R AR IRF] 99.2%, &l 12(a)
B, XULHAHE RS 0 prime 2% SiC 2 RESTE N
1o JOT e A AE AR A, T IS EB dummy 2R SiC
SCPEA RGO A E 22 1) S8 B PR RN S M AT B 5
M. PR, % A BAE— 25 7R AT B e T
1200 V ETHF SiC MOSFET 14l %, H sk
£ 12(b) .

\
|" Bonding rate
100% |

Dummy
Grade SiC

Dummy
Grade SiC »

Dummy

Grade SiC

(4) Splitting (5) Annealling

and CMP

(6) Epitaxial
layer growth

Kl 10 63~} SiC/SiC A T 24 Ay FZ 4 3 o
Fig. 10. Main steps in the fabrication process for 6-inch SiC/SiC bonding/®'l.
£ 2 AERHEEARFREAR R BA T

Table 2. Normalized substrate cost analysis for various substrate technologies.

T RHA 2L IR TAWA SURA B TR WAMERL K
Lz aic RIS
Prime 1 1 N &
Prime+Zf# 1/50—1/30 1/5—1/4 0.55—0.62 5 =
Prime+Dummy 1/50—1/30 1/4—1/3 0.56—0.66 = o
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10 —~
(a) © Bonding SiC-SiC interface N (b) O 1 pm 4H-SiC film
~ X 300
| st n
z g
d 200 F
= % 00
o, 6F =
g =
< Z
® o4t =1
& T 100t
g e }
x —
m 2r <
2 :
[
o
0 1 1 1 1 H 1 1 1 1
300 450 600 750 300 450 600 750
Temperature/K Temperature/K

11 (a) SiC/SiC & S TBR; (b) 1 pm 4H-SiC #EAE 300—750 K A [f 1 B R AR AL ik #5232 61
Fig. 11. Measured temperature-dependent: (a) TBR of SiC/SiC bonding interface; (b) SiC thermal conductivity of 1 pm 4H-SiC film

at various temperatures from 300 K to 750 K61,

(a) (b)

Epitaxial growth
Yield: 99.2%

Surface defects > 0

Inter layer
Dielectric

Poly-Si

l Source
contact

N+-SiC
._‘ P-SiC

6 inch wafer

tit WD mode

HYV 128
1000KY 5.18pm TLD 80 000x 520° 40mm SE

B 12 (a) BBE AR OL; (b) 6 BT 2 A4 S AMNE J2 1 i 25 Mk Ak ik MOSFET 7438 X S8 A 4 # 1T HRTEM &4 61
Fig. 12. (a) Defect distribution; (b) cross-sectional HRTEM image of the silicon carbide MOSFET channel region fabricated on a

6-inch composite substrate and its epitaxial layer(s!.

HE— D H, SRS AR HOR R, 2R
456 1200 V FEME SiC MOSFET R FLH R
00 538 5 T PERE B, 4018l 13(a) BT, #eEAE
25 °C 1 125 °C F ¥ 2 80 H A (%) MOSFET %
HRRPE, FEAS TR A5 1 T T A F B O U PR TR
i sE EA, JRER AR T SRR B HL
B, RS B9 prime 24 SiC W2 K HAME
J2 B S E T8 TE IR RN B s BPE
125 C &M T, S5 RS R A H 4 i ae 7, 16
% prime 2% SiC )2 /dummy 2 SiC #} I8 4544 I
PR S 5 | B S ) AL B A, T B A
JEHEAARATI AT S5t ) e TR Sl e

IR, SR O I 128 Ak
JER X feg BT i A7 S AR S5k 1 i 1) S g
WE 13(c) fras, 16 25—175 C JEHE K, #IFE7E %
W R T 1% Tl L AR R R R AR, Bl
175 °C @i S5 F T, Hollw U5 s H L AE 800 V LAY
52554 10 A g%, WRELH P55 A% v 105 BEL U B

AR I HL A, 85 UL, 588 )51 SiC &
J2 R G ST JE HAT AR A B L, S h 2 2 i
VAR DX R R 2 Ao I 245 40 T 7 A I 2 1 5 A1 i s
WIE, Wi — D RWIZE AR TR S e )2 d%
PRI EAT B A L 2 1T SE MR

FE A A T SE PR 7 T, A5 A A e YRR e 1Y
TR — 25 VA T 2R RS e o, FHOCZS a0
P 13(b) iR 61, £ Vg = 960 Vi 175 °C, ¥
22168 h N )40, #40nY Sm AL BH | (A
JE o 25 R G 3t 4 D B SR AT 5 A
KR, o R, Vi F1 BV BRIV T
1.3%, Iass FAEL/NT 10%. X —25 R Ui, prime
2% SiC )2 +dummy 2% SiC # IR L5 AU BENS 32
Fr i B AME R MOSFET i3, 1 HLAE K 0 5 i
AR IE R AR T 85 S8R E .

B X Tl R 2 B N v 9 R H 3 b e 1 O
A5 AT A 340 8 o YR T FE DR R R A A i A
) FEPEIEAT T DA 01, A6 Zh R an &l 14 FiR,
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100 10—6
—25%C (b) I Pre M Post (c)
=== 125 C v ®©
sor : £ < g E g z ) 10-7
A I T A —
> 60 ~ -
Z 2 10k
SpTlt £ —25°C
Vas =18, 14, 10, 6, 0 V . 75 °C
/- PR s
— 175 C
0 10—10 L L L
0 5 10 15 Rox/mQ Viu/V  BV/V Igss/nA 400 800 1200
Ips/A Vbs/V
&l 13 (a) 7£25 C #1125 C F, AR #5400~ &G 0K 1 SiC MOSFETS 1) i 15 55 14 (b) e TR ) 4 2 00 3 i )= 14 56

HERSEBBL () 16 25—175 C ARIRE T, 44K b SiC MOSFETSs 76 1 pA L7 FRAE T 19628 IDS-VDS 434 61
Fig. 13. (a) Output characteristics of SiC MOSFETs on composite substrate under various gate voltage at 25 C and 125 C;

(b) key device metrics before and after the high-temperature reverse bias test; (c) off-state Ing-Vpg characteristic up to 1 pA cur-

rent compliance of SiC MOSFETs on composite substrate at various temperature of 25-175 “CI61.

a c d
(a) - - () ( ) 300 :
-T- -T- J L i 150 L, |4+ Failure — 90 A
v Sl c SZ 'a-.--/ ;é) k — 135 A
DC DG DUT 'I L 0 . N 165 A
R : 0 2 4 6 8 10— 202 A
L i 20 F — 229 A
= R i i 1 245 A
Diode array :;g 10 el — 257 A
0
®) oo 0 2 4 6 8 10
Vas 51 — 52 Dl:‘:f Driver t/ms
S1 & Sy () 1
Ipur — D-S: 50 mQ /
Surge i < N ~
4 current = = 0 / G-S: 130 mQ2
\ 1 - ) —G-D.: 140 mQ
? pn _m Cpc —200 —100 0O 100 200
Charge Discharge Time V/mV
14 (a) /R EE; (b) BARWIY; (o) i WK% B A (d) AW KE T DUT B 5 -EEIE; (e) BB DUT #5]
TR N SERCR

Fig. 14. (a) Circuit schematic diagram; (b) ideal waveform; (c) photo of the overcurrent test device; (d) current and voltage wave-

forms of the DUT under different overcurrent levels; (e) resistance between pins of the faulty DUTO.

1% MOSFET REWSTE 245 A BRI LI T AR EE T
R TAE, IFHE 257 A ZAF T R MR 1)
5| ] BH B s, R B AOE o MR
5%, 17T D Y58 R s M 2 [0 A7 DA AR Sl R . R
ATDAUEEH, ZE R B P50 T, B AR A s
G AR TR R e TR, 7RI TAE &1
T TR B A (A R

BASKE, prime 2% SiC #)Z /dummy 2% SiC
FHIR S5 R SiC & A Hof IS 4k T — B 9 52 3t
PR LA AL RRAE R SiC ARHSA T4 T} 5%
TSR R, B A% S 45 5 JoT o A1 22 A < T iy (B %
MOSFET |3

3.3 4H-SiC/3C-SiC # /K444

TE R R 55 AH-SiC 2 /£ 8 SiC AT

S5 LA prime 24 SiC #)2 /dummy 2 SiC #f iK
ik, WF9E E S R Al R S
FoAR, 7EA5 0 i 4H-SiC £ 2R R, Seiiet
A S PERE S AR R I R L. Bl
SiC B AR VAR A BIRA, 5 TAEFF 46 B[R]
i SiC & A2 2R [A] G B 5 SiC 2 [E] i
L%, BITECRER AH-SiC P S5 AN R A2 55
PERY BN T, 51 AL BHETEARAY 3C-SiC 1F R 3%
WS, F— B PRARALSE 4H-SiC # R IEAR B 2
() HR IR LB 5 48 4H-SiC Ao} IS B B B %R 38 78
15—20 mQ-cm i [, 7ERR AR AL g8 ok S
S H BEL R Bk AT R 50%; T 3C-SiC g HL BH
FAEE 0.58 mQ-cm w2, K ILF 4H-SiC
5 3C-SiC KB IR L A, RRBALE SiC #4445
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AR AT AR T ax — LK, 4R TR o T 4H-
SiC iR S AERE 3C-SiC FHEARSE & T A B
PG RIBEEARAF S 0 RHRIE S 58T
TEAFIEHAR, Shl# T 6 967 4H/3C-SiC 5+
A A AR N 15 B, Hoko T 2 A4
Xt 4H-SiC & B 47 100 keV, 6x10' cm 2 1) H*
B TEATE ] 43 B 2 788 e B2 BT T A
FHERE Ar B 7% 4H-SiC 5 3C-SiC % i #k47
TG4k, JFEEIR T SCBE S B4 850 C Bk 58
TR B ¥ A5 24 580 nm JERY 4H-SiC MK E
3C-SiC #JiE b A2 1750 C BB kB E
AR sE A B, 455 AU 6 R
JE SR 20 o AR A AP A R ST e 1T 3l A 4H )/
3C-SiC S 2 A i, 76 S A5 2 1Y [
B, AE 0 5 2 R AT AT G 1 H B A 16 TR,
F, B %8 B 4 A 25 SR R W, 7% A% )5 1Y 4H /3C-SiC
EAFIEH LA 0.39 mQ-cm, [ 3C-
SiC #HE R 0.01 mQ-cm, HEALS: 4H-SiC #f R
T4 45 £

FRAL 27 B R S Ah, A AU HARH K/ T )
SR AT R AL B I A A RE T th 2 e L,
W5 AT AR IS S SF 4R XS 4H /3C-SiC Ftifi
FBRGH FE BELEA T TR R IR AN 17 PR, 18
145 3 ns BKIEAY 355 nm B HHEOEIE A FERE

ﬁnn%@ﬁ JFH 785 nm ¥EZLHOCAE ARG I

T FE S, 455 L BRI G 5 5R R B 40 HT,
TEEX'EH 4H/3C-SiC S Jox B & S 1 i #A0 F B,
HZMAFEE RN 1,000 7 m?K/GW, &b-F H A
i) SiC HA B ALK, 3R 3 X T AR T Z
A Y SiC B2 A4 iy AL AABH K-

Art  —

) e

(1) H+ (2) Surface
implantation activation

Bonding
rate 87%

Prime grade
4H-SiC Trap

Se

(5) Anneal
and CMP

(6) Epitaxial

layer growth ( ) Splitting

B 15 6 %&~F 4H/3C-SiC & G 4TI il £ 1. 20 1 32 225 3 02
Fig. 15. Main steps in the fabrication process for 6-inch
4H/3C-SiC composite substratel®?.

AT ES T T, e S (R,,)
Emazﬁﬁﬁfﬂr?l%f TE S 7E 650 V LI EF
Yt B IX T R R R 5B ARk T
i‘ﬂz, IR R, o 10T B TTBREE, Ao LRI
M ] AN T7E 200 V X 2ER R 5, 1R

50
= g =
£ 2 2 o0
>~ >~ >~
_50F}
—50 0 50 —50 0 50
X/mm X /mm X/mm

0.3660 0.3816 0.3971 0.4127 0.4282

0.3704 0.3861 0.4018 0.4175 0.4332

17.98 18.27 18.55 18.84

p/(m-cm) p/(m-cm) p/(mQ-cm)
(d) Wafer Max.p (mQ-cm) Min.p (mQ-cm) Ave.p (mQ-cm)
3C-8iC 0.4279 0.3663 0.3862
4H/3C-SiC 0.4331 0.3705 0.3901
4H-SiC 19.12 17.98 18.33

& 16 SR AR B2 Ml it i 1 00 A5 19 6 9%~ (B H B3 4 A R, o (a) 3C-SiC AR, (b) 4H/3C-SiC & & # K, (c) 4H-SiC ] JiK;

(d) A e ek J6 ) di R R BHL AR | /) mit BHL A% T 3P 147 i L ¢ (621

Fig. 16. Wafer-maps of the resistivity of 6-inch (a) 3C-SiC substrate, (b) 4H/3C-SiC composite substrate, (¢) 4H-SiC substrate us-
ing non-contact eddy current method; (d) the maximum resistivity, minimum resistivity, and average resistivity of different sub-

strates(62,

180802-15


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 18 (2026) 180802
0.6 0.15
LOrn (a) — Measured (b) — Kausic (c)
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=1 1
.§ 0.8f ! 041 — TBRunyscsic ==
Z | Pulsed 355 nm laser =
g 06 CW 785 nm laser » 0.2 = 0.10 — -
= = 2 M
3 £ E
& 0.4l ———— -TBRaynsic 2 0 2
TV 3.4 pm 4H-SiC - Kunsic B3 2
= " TBRun/3c-sic 0.05
g 02l \ 3C-SiC substrate —0.2
g .
z —
ol e, —0.4Ff
. . . . N 0 A 1
10! 102 103 10t 102 103 0 1 2
Time/ns Time/ns TBRun/s30-sic
BT (a) HES FE A TTR {55 S Bk 2Lt #0145 i 28 (b) TTR {7 5 %f 4H/3C-SiC $t i TBR, Al/4H-SiC %t i TBR & 4H-

SIC #A T F Y RALPESMHT; (c) 52 4H/3C-SiC TBR WIS 45 B 4047 1 5 18] 162
Fig. 17. (a) TTR signal for bonding interface and the best-fitted curve from the analytical model; (b) sensitivity analysis of the
TTR signals to the TBR of the 4H/3C-SiC interface, the Al/4H-SiC interface, and the thermal conductivity of 4H-SiC; (¢) Monte-

Carlo analysis histogram of the measured TBR, of 4H/3C-SiCI[2.

DT ol HAL B 4454, LA R, o, £
F V5% DX FEL L e G R BE R (R e . il 2 1 i e
ERFAL, FHEHBEAY A7 H g ok, B v
50%. L, fE48 AH-SiC 1 JECHE = i HL B3 1R A
KRR AR BRI A R PR M BRI A T
IRIE Si g, JoEEREL SiC MRS, i 200 V
Tt He S AR X ] AR ER, et i A BEL R 25
B RS B . SRR — R R S5 2 A RE T
i, BERE IR AR AR AMIRE SiC 45 1
. I, A FBA 62 3EF 4H/3C-SiC 55 b 2
BRI, #4857 200 V RSB L TIE, RS
TEAS T HAE FAR T 4006E | SR THAGAE ks T
EPEDT T AL EY. 5 AH-SiC o] I (4 [ 2K g A
P, iz Y b S R BEL AR 1 47%, YR L AT
ZREHRE T 20%, JEBL T HAEAREAR 40 1)
ERARMI

%3 LTI A SNE MR R RHE SIiC 5

R A A S T PABEL X L

Table 3.
ances for SiC hetero-integration based on wafer

Comparison of interface thermal resist-

bonding or epitaxial growth with different materials.

MR warz TR
4H-SiC/GaN[e3] HMEHE K 20.8
3C-SiC /Sl HMEA R 1.61
4H-SiC /Sil) K 9
4H-SiC /Sil6e) BKEA 8.2
4H-SiC/GaN[o REH LS 6
4H-SiC/4H-SiCl6] Ry fbids 2.8

A BN 62 7E 4H/3C-SiC & & #}JE [ AT AR
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ZE (BARWE 1x10"® cm @), 1.7 pm EH )2
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B 4H/3C-SiC SBD St - 62

Fig. 18. (a) Cross-sectional schematic of the 200 V 4H/3C-SiC SBD with a bevel field plate; (b) the SEM image of cross-section of
4H/3C-SiC SBD structure, illustrating the beveled field plate in the fabricated devices; (c) the 4H/3C-SiC SBD dies were packaged

in TO-257 packagel®?.

(a) (b)

15T 15T Vas 52
T S, T
Pl Ipur
Vbe —— Cpc DUT SZ ! Surge
L) «current
R Shunt -
— Time
e Charge Discharge
< 400 (d) | — 174 A 254 A < 400 (e) — 140 A 225 A 300 (f)
~ — 214 A — 293 A ~ — 184 A — 245 A /\
g 2001 —312 A £ 200} — 256 A /\
£ 2 i < 200}
0 0 : . = Clockwise
> 6 ! > 6 ) o Fail 2
'y : 3C-SiC ) o— Fal 4H-SiC = 100
\S 3 1 | o—Fail \S 3l | — 3C-SiC
f :f | — 4H-SiC
0 1 0 1 1 O 1 1 1 1
0 5 10 15 0 10 15 0 1 2 3 4 5
t/ms t/ms Vour/V

B 19 (a) YR HL 003 L i S A (b) BARBIE ; (o) M & 8 7 ; (d) 4H/3C-SiC IR Al (e) 4H-SiC #JJiE I SBD £ A [ R
T KO T B R RS 5 (F) R RS — IR & Z G A LV R 62

Fig. 19. (a) Circuit schematic; (b) ideal waveforms; (c¢) photograph of surge current test setup; current and voltage waveforms of

SBDs on (d) engineered substrate and (e) 4H-SiC substrates under various surge current levels, showing failure happened at 312 A

and 256 A peak current, respectively; (f) reconstructed IV characteristics using the last safe-withstand waveforms®2.
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Fig. 20. (a) Forward IV characteristics and the extracted differential R, y, values of the SBDs fabricated on 4H-SiC substrate and
4H/3C-SiC engineered substrate at room temperature; (b) the performance of SBD devices fabricated on 4H/3C-SiC composite sub-

strates and 4H-SiC substrates was compared with other studies(62.
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Fig. 21. Fabrication procedure for wafer-scale bonding process!®.
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Fig. 22. Structure of QST wafers/6sl.
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Fig. 23. (a) Two-tone intermodulation distortion linearity measurements; (b) small-signal characteristics at different temperatures in

GaN on Si and GaN on QST devices[™.
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Fig. 24. TEM image of the SiC/Diamond bonding interfacel*!.
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Fig. 25. (a) Pulse duty dependence of the output power of
InAlGaN/GaN HEMTs with and without diamond heat
spreader; (b) output power density of InAlGaN/GaN HEMTs
evaluated by load-pull measurement at the S-band[®!.
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Fig. 26. General scheme of experimental process of fabricating inch-size SiC-on-diamond wafer!®4,
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Fig. 27. Schematic illustration of the GaN-on-diamond/SiC technology scheme and corresponding sample drawings!™.
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Fig. 28. Thermography images of devices at the same dissipation power for (a) GaN-on-SiC and (b) GaN-on-diamond/SiC;

(c) dependence of the devices surface temperature on dissipation power for GaN-on-SiC and GaN-on-diamond /SiC[™l.
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Fig. 29. Process for transferring 3C-SiC layer grown on a Si substrate to a diamond substratel®.
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Fig. 30. (a) Picosecond ultrasonics measurements on the diamond substrate sample; (b) the data fitting of TDTR experimental data

on the diamond substrate sample; (c) picosecond ultrasonics measurements on the 3C-SiC/Diamond sample; (d) the data fitting of

TDTR experimental data on the 3C-SiC/Diamond sample!*5.
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Fig. 31. Fabrication process of GaN HEMTSs on the ultra-thin 4H-SiC film/diamond substrate!™..

e P lnterlayerc o
(~17 nm)

Diamond Bonding Diamond

interface
5 nm

5 nm

&l 32

SiC/Diamond 1 B9 1, ifi HRTEM &4

)
Diamen

5 nm

(a) B K HT; (b) 600 °C i & ; (c) 900 °C iR 4 (™)

Fig. 32. Cross-sectional HRTEM images of the SiC/diamond interface: (a) Before annealing; (b) annealed at 600 “C; (c) annealed at 900 C[7.,
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Fig. 33. (a) Thermal resistance of the SiC/Diamond interface as a function of annealing temperature; (b) junction temperature of

GaN HEMT based on different substrates as a function of dissipation power density!™.
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Table 4. Summary of technical routes and application advantages of different composite substrates.
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SPECIAL TOPIC—Semiconductor physics and devices

Research progress on composite substrates for
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Abstract

With the continuous development of wide-bandgap semiconductor devices toward higher power density,

higher operating frequency, higher voltage, higher temperature, and higher reliability, substrate materials are

required to provide not only mechanical support but also efficient heat dissipation, stable electrical transport,

high crystalline compatibility, process scalability, and acceptable manufacturing cost. However, conventional

single-material substrates usually fail to satisfy these requirements simultaneously. For example, high-quality
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single-crystal substrates may offer excellent electrical and crystalline properties but suffer from high cost and
limited wafer size, whereas low-cost or highly thermally conductive substrates may be limited by lattice
mismatch, thermal expansion mismatch, or poor compatibility with device fabrication. Therefore, composite
substrates have become an important strategy for improving the performance and manufacturability of next-
generation wide-bandgap semiconductor devices.

Composite substrates are constructed by integrating a high-quality functional layer with a supporting
substrate through film transfer, heterogeneous integration, interface reconstruction, and precision surface
processing. By separating the functions of the active layer and the supporting layer, this material platform can
combine the advantages of different materials and achieve coordinated optimization of thermal, electrical,
mechanical, and technological properties. In this review, the main fabrication routes and key technical
challenges of composite substrates are systematically summarized. Particular attention is paid to three critical
steps: high-quality exfoliation and transfer of functional films, surface-activated bonding for low-temperature
heterogeneous integration, and high-precision planarization after transfer. These processes determine the
thickness uniformity, defect density, interfacial bonding strength, thermal and electrical transport across the
interface, and surface quality required for subsequent epitaxy or device fabrication.

On this basis, recent progress in several representative composite substrate systems is reviewed. For
SiC/SiC composite substrates, including single-crystal SiC/polycrystalline SiC, prime-grade SiC/dummy-grade
SiC, and different SiC polytype combinations, the main objective is to improve the utilization of high-quality
SiC, reduce substrate cost, lower conduction resistance, and support high-performance power devices. For AIN
ceramic-based composite substrates, the focus is on combining high thermal conductivity, electrical insulation,
and mechanical stability, making them promising for GaN-based power and radio-frequency devices that require
efficient heat spreading and large-size manufacturability. For SiC/diamond composite substrates, the
outstanding thermal conductivity of diamond is used to enhance heat extraction from high-power devices, while
the SiC layer provides a more compatible platform for epitaxial growth and device processing. These examples
show that composite substrates are not simple material stacks, but engineered substrate systems in which the
functional layer, supporting layer, and interface must be co-designed.

Finally, the remaining challenges and future directions for composite substrates are discussed. Large-
diameter uniform fabrication, controllable interface structure, low thermal and electrical boundary resistance,
suppression of residual stress, and long-term reliability under high-temperature and high-power operation
remain key issues for practical application. With further progress in film transfer, low-temperature bonding,
interface engineering, and precision planarization, composite substrates are expected to play an increasingly
important role in wide-bandgap semiconductor devices and related high-performance electronic systems.
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