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Abstract: The third-generation semiconductor material processing equipment technology plays an important role in ensuring
material performance advantages, promoting technological innovation and development, and enhancing the overall competi-
tiveness of the third-generation semiconductor industry. Based on the Incopat database and using analysis tools such as
Citespace and Excel, combined with literature research and expert consultation, this study conducted a sequential analysis of
patent application trends and technology life cycle, technology source regions and market distribution, R&D institution com-
petition situation, and hot research topic technology progress in the field of global third-generation semiconductor material
processing equipment technology. Research has shown that the third-generation semiconductor material processing equipment
technology has transitioned from the growth stage to the mature stage, but there is still room for innovation in sub fields such
as ultrawide bandgap material processing and high-precision surface treatment. Japan and the United States are the main
source regions of technology, while China has grown rapidly in the number of patent applications but lags behind in its inter-
national layout. The research hotspots focus on high-precision substrate surface treatment and planarization, precise control
and uniformity improvement of epitaxial growth, and integrated and automated processing equipment manufacturing.

Key words: the third-generation semiconductors; proce-

R E#: 2025-05-08 fEEBH: 2025-07-11 ssing equipment; patent analysis; substrate; extension
EEUWH: EPEB S ) e IR S B A
(E4KZ7261003)
e —
E—feE. W R, &, 198842, ARG, 1 8l &

Email: caoc@ mail. whlib. ac. ¢n

St — Il N7y w A FH = P
DOI.; 10.7502/j. issn. 1674-3962. 202505004 %#1t:i:—§21$*d‘*+;g‘:ﬂ‘m,ﬂ? VY EE‘EK '

g
=l
S



%10 -

JRAE . AR E 2 BREE =0 AR I TR & R QT & T

1107

PSR Z 2 EBE TAL A B, 7Ev] FAEREUR . A
SRS . SG {5 AN F R %, fH A S R 4y
Oy & R AR AR T B R R L LR 2002
A, e E B e AT TR R ( DARPA) 565 80 352t
T SEAsA R SRE R QIHTT R (WBGSTL) 1 2023 4R,
DARPA A5 “ #8581 Bk SR (UWBGS) ", B 7
TR o S (R v B R, AL R T R T AR
WA . MBARRCREIEE | W5 B DL Rk
flt L BHL, S SR PERE FIRCR M IR, 2024 4, £ [H
RS0 G T8 A0 E 0 o 2 R ATl AR
WG, BRET 24 Fpoedkp S A DL 3 R
PR — A (AR AL BRI AR S R ) BTl 5 0 G A
BT EA TS R ZE 2% 2019 AR E S — Sk
HFEF 25 B S IH (IPCED) 3181, #6% 17. 5 12/, #
A5 W2 A E AT BE E B 2021 AEHE
ORanGaN i H ! , BT RF-GaN 7= 5 FIs 85 1 il i T
Sk, BEME—EHNSC & [ EANEE, HA
U 2023 AE R AT CE SR - BUF L R ) & T
O WS A SR (B AR RE ) BRI K&
&, AFITHEE H A 2ERCESIRTT e 4 15 2025
AEE MBS R RS R, BT 21 I, RS
P SR A . MO T kB
JiF 2021 4FE A IEAHES A AE DR ALAE (SIC) | ALK (GaN)
AR (Ga,0,) M EHE L T — IR SR AR &
Y FRER A A SR N TR R S,
4+ 2030 AF4 AR ARS8

SN T A& A 7800 R 1A A0 R MR
PERER A TR, BB WA MR B PERE
AEEME, AN, CRPEOE IR ST Sic AR T LB SR AL 2 L
BRAERCR Pt 3 1 - 2H RE FORDRE BE 5 el i e
FERRZEE = AR R B A S 28 il s M BBy T R ¥
HEMEH, R, METE A0 SRR R I T 2 %
HAR HfGE S, AR, ot R p e
B2 11 0 12 22 AR BRACRAR ™, MaEA R B R IR S
P et ORREBRLANE il 1 1 T 5 & e A it
PR IF R b R

FES AR S5 T, A RS RIS AE Y 1 8 %
e SURERA B RE RN B R R A K, AR N T A A Ak
HE I T A e S T s A S AN SRR A5 R
JRE T [ 46 JEC RN AR LE 9 565 = AR 21 A b b T2 4 BER 1)
Bl & JRASY, A SRR BA AR, SCHUm T A AR
PR, e = AR AR L B 2 1 AR 7 FH 28 5
SEmty, HESAH SR A H AR AR A R

LRWE R H AR AN 0 2R A, 3 & R 4B T LA

TR HAR I R A, AR SO 0 M Bk = AUE
SPHAS RSN E AN TR BAR L FEE, 456 ST DE
LM, WLHHIEEYE . BOARREE ST, B
KA E S R A2 M, mid s e
BRES = AR AR I T4 5 BOR QU & R R BUR, I
JEBR BB A

2 HiEREFESRERRRK

ZEE KT LE Derwent BUHE . B 2 2B M Incopat
Bl e, HWURC B T A AR . AT S T SR
ZRENES A SCEESE Incopat R A S & R KCHE ok
P, ESEHIE R AR R RN T A S BRI R
HHE. ((TIAB = (( " wide bandgap semiconductors” OR
"third generation semiconductor” OR " silicon carbide" OR
"SiC" OR " gallium nitride" OR "GaN" OR "zinc oxide" OR
"Zn0" OR "aluminum nitrogen" OR " AIN" OR " gallium ox-
ide" OR "Ga,0," OR "diamond" ) AND "substrate" ) AND
TI= (process # OR growth * OR produc * OR dic * OR slic *
OR polish * OR grind * OR lapp * OR CMP OR strip * OR
clean * OR dop * OR etch * )) AND ( BCLASI =
("C"))), HURHIE <A AR SR SME I T A AR
BRI . ((TIAB = ( (" wide bandgap semiconductors"
OR " third generation semiconductor" OR " silicon carbide"
OR "SiC" OR " gallium nitride" OR " GaN" OR " zinc oxide"
OR "ZnO" OR "aluminum nitrogen" OR " AIN" OR " galli-
um oxide" OR "Ga,0," OR "diamond" ) AND "epitaxial" )
AND TI= ( process * OR growth * OR produc * OR MBE
OR "molecular beam epitaxy" OR "CVD" OR " chemical va-
por deposition" OR "LPE" OR "liquid phase epitaxy" OR
"lift off " OR " PTV" OR " physical vapor transport" OR
"HVPE" OR " hydride vapor phase epitaxy") ) AND
(BCLASI=("C"))) , RMPHR, KR H WY 2025 4F
2720 H, iSEIESIFE A E] 11 732 PRARSC L A,
FIIH Citespace Fl Excel #47 SCHk i+ & AT AL 53T .

3 EFHIFEBREREARESEAN

SBREE AR AR I T2 % AR Sk 11 & ]
TEEAHEE 1 PR, SR LR R A R RS
FHOAR, 20 2 90 AFAREE =R TR 5 R B
M, 1993 4F#E)E LED ik Ak, 75 8h T A/ L8 IR A |
ARSI E AR )T Z R A, 1994 3£ Cree 2
A AH-SIC R, 51 & S BRER LRk 88 R0 2 2
M 1995 4FEE, ARz U AR 24 A B i R 120 1,
F] 2023 4 =ik 606 14, I ULIZH AR A 1Y B & I AT



1108 Hh A ki $ 456
700
606
600 4 584
o 5501 b4
S 7
8 500+ 455 457 (12
g 433444
2 a0 | 13
£ 400 373 87)
5 a1 3282
‘s 300 %286
5 1%3324
§ 200
12612
100 ? g885
5
15112239 5mummﬂﬁﬂb%1mmﬂﬂﬂﬁ¥§&63ql I | |
0 x ' N ..||-II|||
O W WO © © © © NN NINIRKNO®DO®O®®D®ODDDDDO OO0 OO0 =@ «— « «— « o N
8888858856555 8858388383833585R8883R88¢%
Year
BT ABREE =R AR TR BOR SR  L F B i R e (L. 1)
Fig. 1 Global patent application trends for the third-generation semiconductor material processing equipment technology (unit: pieces)
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—
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Oxidation 2017 6.94 2022 2024 —
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Fig. 7 Global patent burst terms for the third-generation semiconductor

material processing equipment technology
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Table 1  Efficiency and cost comparison of precision polishing
technology
Material removal . Comprehensive
Technology rate Key equipments cost
. 0.5~ Polishing machine, .
CMP 1.3 pm/h slurry circulation system High
Less than UV light source, .
PCMP 1 pm/h photocatalyst device Medium
Less than Plasma generator, .
PAP 0.2 pm/h  precision irradiation system High
About Electrolytic power supply,
ECMP 10 pm/h electrode system Low
. 0.1~ Catalyst plate, .
CARE 0.2 pm/h HF solution circulation High
Ultrasonic- Increased by Ultrasonic vibration L
assisted 30% ~60% module ow
EPP Less than  High-voltage power supply, Medium

160 pm/h

plasma reaction tank

Notes: CMP represents chemical mechanical polishing, PCMP re-
presents photocatalysis-assisted chemical mechanical polis-
hing, PAP represents plasma-assisted polishing, ECMP re-
presents electrochemical mechanical polishing, CARE repre-
sents catalyst referred etching, EPP represents electrolytic
plasma polishing, the material removal rate data for ultrason-
ic assisted indicates the incremental gain when integrated
with other technologies such as CMP
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