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L TR R FAYE, high electron mobility transistor,
HEMT)ERAFAE—LE a8,  AnATRHEREAS 2 LA i — L8
FRIR G 5 s A5 1 iy SR i o, S ECE ARG
TR — AT

By B ER N C BT PO 9Ny i S X SN
K. BAR(GaNWE N — etk SihptEkz
—, WHEEEN . ST, SRR
B RGN, A R 1 T FL RN
PR ISRy, 1 HAER. BEFE. A
GOT A FARRAPLE, ALRES IR LT BT 2%
HL T HL T AR F R PERE, IR R B BRURRCR. niEl
iR, RACBEMBHENR. T SR T EA EIR 20N
W, EAEE 4z, Tk, ANE R FAME,
W IESEAME, RALERSNIE )2 Wk T Sk BE R 4l %
JEFRIE WAL, AL F SR BUAS BT B R,
JrE AR, A AR IR BT R T IR
Fefih.

ARG T A ALB RS Fofh - SRR ) 22
YWESHA M BEIME A KW Rk, EENRT
Hil A LR R A . A 4
J& A IR RO AR . ST IR R A A
BRI 2 I ELVAA & T S AL AR S RN S AR L
o 3 A A B i R0 RS 1 R RR L, S T
R IR sh4E R L S (integrated  circuit, IC)AYICEER:
AR, B T AR 3 A A ) — e S BR N FH ) 5

1 RACEAR R GRS T ik

L1 ARSI T-h R 2 LS

L LT PR SE P R 52 R R A T B
SARSE. RERDRHR I LA AR R R TR
AR Ak. Bl SRR A 7 AR T, REARMR P 5
i 7R AR R e 2T, I T A
WY, BMERAR, REAEE PAMRIAUEMR AR
PR BEAE DA AR A e, kel ) TR R A
PEREZ WS PR R, ARAEA ORISR, 2 A0
SEREI IR (GaAs) BAT B (19 HL L A R A AL 1
AU, MR X — IR, (HEH T GaAskHE
MES SO . VTR i i SR IRAR ST (S)
FORAR B B ROR IS, = B o s R
APTRARTZ AN, I, LLGaN AU = AR
PR L, WOR 7T GaNFERR RO H. K1
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G T GaN- HAB A SR B RHY EZSHL

MERIATLLE H, GaNJZ& %I pre Sk, HAKHE
TeFEIRF3.4 eV, 5Si. #kALAE(4H-SiC)MGaAsH L,
GaN7ZE L 370 . 3G 3N L 1 A B 25 T A 45
TORPLH. [, GaNyL)=e it £k (Baliga figure
of merit, BFoM) L HAAT B 22, XL R & GaN
FEAR I RENS A e E R . R A S R AT R
TAE.

1.2 RALERRDE S HAME 2 il

TEid £ 104, R BTAME A K GaNAY AR i, A
R g & A, R TESL, SICHE A b5+
FRAMEA R BT, LA X SERT A L B A AL Bk
JIRHATEARA A, I BRI iz, (22, 5
ST HMEA: K 1 GaN N TR BRI dis 2 Tic S ik
FCAERE. 245 ) TIEARIRIE EAMEA: K GaN Ry ik
FEAMERE . AR R BCAIR IO DL, X SE 2R 0K 25 2
HMIEJZ PR AR FI, DA A i A o i 2 B, B3
A P, 2 P T SR GaN HE A 1 ) 1 (]
FEfir, X2 H AT GaNJEF AP RE I T HAD R B
e BIR Fy i S A 22—

o BT A GaN S AT RHE ] 2 e P RE a0 A0 BL A,
U AEARA R, D5 3 B R GaNANE 2 (1 B 7 2
R FTAME, BIFEHUIRGaNt] IS _EAMEE K GaNJZ. H
1, GaNS S AR A= K7 3 2800 S ARSI MEFI
FHAME. Horr, SHAME LS 4 8 A DL A S TTR
(metal organic chemical vapor deposition, MOCVD).
S FHHME (hydride vapor phase epitaxy, HVPE) & H:
RHEDTE, Fem A A AR RSTR, (H S AR5 i
A, roin— B, IRARSME F 2R A ik
BN RE, ARG s s . maniR TR H.
MR A GaNFL A IS, (EEX I Y ZoK i, JFH.
A KA. FERDIL I, BURASHVPER ] i
IR, I HRE SR, R E RN B )%
454, R B GaN IR SR LA BELERTREAR, &
[ ROT AT, A AR L TEAS W7 b AT

HVPE/A: ™ H I GaNZ2 AR BAR1Y, HE Tk E R
£10"°~10" em™V, MELUFH TR SRR 45,
XA IS AR B 245, T GaN Y
VR Horh, i F B A A e e, sz s
A, R A B AR, W oS
GaNFYNZY ., PRURIELE S ARE, HHiN_b malisf o2
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Table 1 Main parameters of GaN and several core semiconductor materials

o) Gt A LR AT A AL Eﬁﬁiﬁﬁ%ﬁ %?S&E'F_%EK_] EE?’E@*HEJ% v, BFoM
E(eV) & (cm” V7' s7) Wem™ K7) (x10"cms™) (FEXT1H)
GaN JEEpLH 3.4 8.9 1400 2.5 24 1450
Si ] B 1.12 117 1440 13 1 1
4H-SiC IE2 3.23 9.66 950 3.7 2 600
GaAs JEEPZH 1.42 12.9 9400 0.55 0.9 16
F 2 RABERRERRME L RISME &K F R
Table 2 Growth status of GaN grown by epitaxy on different substrates
TR B (em ™) FR R L (%) P REURTC (%)
GaN #510*~10° 0 0
ALO;(H 5 F) 2y10° 16 34
6H-SiC 5x10° 35 25
Si 2510° 17 54

GaNHIAJE, W LIA b mas F TR AR BE 1, AT i
A Rn AR ER

2 MERIERIIRMAE

AR E R TR BT [, H AT GaNZEgR 1
(A2 n] o3 R ) A AT B2, R AR (R 2R
HEMT)H) MR 0 AT A 5], W (HA e Tel
PR 10 2 (R 3 8 TP ROE), Ak L 3R K T
GaNFPRH I A i 27 ik, SEGERHRR AT 2, MELL K
FEGaNFORH e A OLH. 17 HL, o 2 o R AR - b
AT FSE L, BV i R A i e 7K Pl 20T

IR, AN T HVERA, e AF T 5 R4
Js R T RS S 22 4 JRE L AN AR R B AT —E Y
TR, WM T ERAFANEA A B A 7 A RIS Ze ;s R
bR RGPS R, ARE S AR A
HLI AR, AT AS B B HL 3 4.

3 FLGaN#Ar R BT L 5 170747 T GaNAME JZ 1 2R
K7, XA AT LA AR i e A 28 HL R
R, FEABUEGE RGBT, 3 NGaNEEEe
JRRERE BRIl m R S L. 3 AR
VAT WA B L i T, b A 2 R T 1Y
GaNJZ Ik BIE(E, 2 1A FIEKCFR R,
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B, GaNIE IR HA ST ARES), HIAFTES A
o, KRR ST REA B9, s S 1 AR
APEEYE, WEGR T RO BEA. N iR S Ak B
A RAL B IR ALAR AR IR . LBV & s A e
SRR A . BT IR AL BRI R 1
4 J R SR80S e A R B i 5
L AR AR B IR 25 K T BRSO

2.1 FALEBHRRES R LM

L I FLAE T A4S (current aperture vertical elec-
tron transistor, CAVET)J&HE [m3RFMIYNmFHFIAGA R
258, B RIEAIGaN/GaN Sl 4k Ak — 4kl 1514
jH (two-dimensional electron gas, 2DEG)AY & 5 H 1 LA
KA AR P R L. 55— T R
GaNJ:CAVET%: 14 Hi Ben-YaacovZ: AN IF & 52 i, H:
2EH 5 WY HIMOS(double diffused metal oxide semi-
conductor, DDMOS)ZEAG2RL, anf&E2(a)ffizs. Hirr,
M FH$4 )2 (current-blocking layer, CBL)/ZiE i 7EGaNJZ
HBZMg Y,  FHRNE L U BRI e T 5 iR/ INvFL
PRI 38 2 X Bt i DA T 42 7] 2DEG Y T I
FeWr, AR TS 0] S5 A T HEMT, X FhIF SE 32 1
R BH TS 0T, R B3 DORE 2 AR 7, BI
FREAR AL RTREME TR, ATt S & 2F i .
SR, HHTCAVETHI AIGaN/GaN i ffi T 42,
DAL i A A T FRIRES.

AT RO e M, 1458 A (enhancement-
mode, E-mode)#§ 4 J& K Y) R85 100 ek £
Chowdhury 25 A" 52l FIM g B3 71 A H) GaNAE h3E
GaIRR BT, TEEMHR 48 b Z Brx R X
AT 10 minfCF AL B, HilfFE 7 5H— 43R BICAVET,

@

UID GaN

Source

Mg implanted CBL

Si-doped GaN
n*-GaN

Sapphire substrate

HAR AR }5.6%10° A/em”, SZIR T 55iK0.6 VY
B L. FEIZa s b, oAb S A 2 (AL
GaN/GaN)Z7EMg#s W i B $4 )2 B i 2 J5 38 1o
MOCVDHA K, Mg+ 1) b3 B 1548 14 1 1
LR R A T 9728 k. TJ&, ChowdhuryE A"y
A5 AlGaN/GaNJZ ¥ E K 5K, 8 i 7 HRAME (mole-
cular beam epitaxy, MBE)JF{T R4, 45 H e 4-7E
TR R oA—15 VAE R, di 28 R29°8250 V, HSHH
HLBH42.2 mQ em’.

IR HEp-GaNf S M, Yeluri® A PO5i 1 #5105
Hip-GaNJZ, DAHKIE L i pAY 2. Horp, p-GaNJZ2 il
IMOCVDF ALK, 7438 W3E i 25 T A AME K 58,
4 B BRSSP IE 0.4 mQ om’, SEATR
T]3%10.9 kA/em®. NieZs NP5 45t Lt -3 hn 173k
BRI EER, JEAEMIL FTAIGaNPEEY 2 2 7] — Rp-
GaN, fHH AT DUIEH OGP HRAE, Hil 4 AY S iR
HARTF2.3 AWEAIFR. 1.5 kVIEZEE. 22 mQ om’
(4 1 38 B BHL A2 1.0% 107 V2 /em® 45 55 R 8k (figure  of
merit, FOM). 20104, #ATARPH4 T —Fhil ok
JERLTKV. SN0 mQ em <V IEIHHECA-
VET, fE2(b)fiR, Hp-GaN/AlGaN/GaN = 21 i
B2 IR VTR EAMEFAE K. BRI T
ek, FEAK T AlGaN/GaNFL it kb )2 40 i T i, 52
BT 2.5 VI R B A RS E A G, (A —4R
I, 3B T 7 Ip-GaNBiZ LR T S s 4= il 4a 2
GaNJZ, %2 BEME N AR LIRS VR Al % = 1a] 9
SEIMHL, ST RAFAYRUE IR R, JT7E400 V/IS A
ZF RSB T P T L,

T2 NP e 2w L 5 R R 2, AT
JTE TR T T 7 #p-GaNJZ, 193] 1 B L s N

Undoped AlGaN Carbon-doped GaN

n-GaN

GaN substrate
Drain

Bl 2 AL LA T B A I R B K S5 A R . (a) CAVETHY L5 KFIE; (b) “VIE AL BIARECAVET
Figure 2 The principle and structure development of GaN CAVET. (a) Main structure and working principle of the CAVET; (b) “V” groove GaN

CAVET
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20 V. i ZEHL 225 VI H CHIVATECAVET. fEFf S
AR S Y, AT S e AR, Y e 2 R R P
WA FEL A S5 f o 2 L R GA B T 880V, HL i HL R A
2.7 mQ em’, W T IS IR R T
K4 8 -4 2% )2 -1 S /K (metal insulation semiconduc-
tor, MIS)&5H4, (L EM20 VAZ H21 V. 20224, Da-
nielrajs A\ PUSR F—Fh = MV TE) M GaN CA-
VET, 529 1 1513~1590 VA7 28 HLE & 1.24 mQ em’ ()
ASam FBE. (L ER Rz A B 1 B vl i, HovEre
KT SEVERT BE S 32 2 FEL I AR SR J VA RN A e L O
S0 ST IR e T e v e 2 U R I 5
Wi, 75 B AR E B ] TR,

GaN CAVETHEES |12 (Rl b A s it — 20 )
KR, FEEUEF AR TE. MLPH Y22
TR AFLAR X 8, HAB IR R RN il S 25l 46 T
AR e HMELI ], HR A T2 WA i ],
P TS P AR« AR RN i 22 (8] A 5 AR
U LT, M LR RIS F= A .

22 TR &R ALYk Sk b ON
i R

20074, Pk FARLEF(ROHM Semiconduc-
tor)" il 1 MOCVDTE 1 5 A1 ) JiE FAMEA: K GaN, Jf
FEMECIERN 5 T B AR & )8 Ak SR
UV FR R4S (GaN trench metal oxide semiconductor field
effect transistor, GaN trench MOSFET). iZ#sF B 3 H R
W ELRRR N, SEHEENS.1V, X ZGaN trench
MOSFET & X AGE . WK 3 ()R, 20084F, B 5
PR P E GaNFF R L il 5 1 5 4> 58 2 T L AYMOS-
FET™Y, 52 B aFoE IR, SR Si0, Rl R A T i
P4, FECL/SICLAF T AR Tz T2, B
B ELAR A vA R 254, 38 I H A e AR (electron
cyclotron resonance, ECR)% & FIARTE VA48 N 74 L2 TR
FUALRE(SLN, ) S RE(SIO,), LA LAY XU 2514
VERMR AL 2R, AR R R R 3.4 V, IR
ZRF131 em’/(V s), F38 F AL T10 mQ cm’.

TR ZI TS5k —&n i, ©aSBailR
THIRELARE DL B 15 25 o 1 BUIRS, SEmma S 6. 2008
AE 3 I ST BT B K odamaZi A P2 R — n) 5
JB T B IR R A R A s VR B R 25% 1 Y H
FEAE M (TMARE R B ZI5), 38 i ik ph ZI A5
T AR PE (1 T00) 1. TMAHYE -5 &AL 5 (KOH)

AN, EASE MM ETGY, AR i S
BE IR VA BT AR, Heds NP i MR e F s 22
NH, G345 7 5 B fMOS B i, 7E4955F(1 in
=2.54 cm)f) H SZHEEGaN G 8] F L o8 H o 20 H e ek
1306 V. LF@E M H1.93 mQ cm’ A KHFGaN
Trench MOSFET, MUl KEF AR THE LK
EFE.

N T PE— BT R, OkaZs A fEMOSFETHYI
B A E RGN TR, E3O) R ER. %
SR RO T PNES S AFE L IR A0, e
HUT 775 VIR EI1605 V, HL Sl N 12.1 mQ em’,
s BE0sE. 20154F, M8/ hn~-GaNIWJEEE, (H3E
HABIURE, #(Kp-GaN R FIB 4, 8 KA
F 7S £ BT VA FE AR A7 Jey Ste 338 o o4 1 AR MR i
RPN mOR T AU RRREN 1250 V, {H I L SHE H B
12.1 mQ em KR BE MK S 1.8 mQ em’, HEFEARIET
RS L2 KVAYERET, §il& TR RH1.5 mm
x1.5mm, JFHZFFEiA23.2 AKHEFAIGaN Trench
MOSFET ™ ok 7 (ff 5 R 08 76 o s F) L 3 PP T4,
Oka%: AP En"-GaN i A — )2 HL % 43 45 )2 (current
distribution layer, CDL), fii 1E [f1] H, Ji % FE 4R 8 17 117435,
FE 4 TRENEAE100 AR T TAEAY3 mmx3 mmk
R e B VA REGaN MOSFET, Hi #4549 an &3 ()i
. A5 B JTCCDLIZ M T T sk, 7
CDL/ZHYMOSFETHERER B E AL, %28 F B L i 43
1 2 R M A B J IR AR, B2 H2x10" em™,
I B p-GaNWTEJZ, XA AT p-GaNIaiE 5 L A HL
T AZFER, EA I 2 R A LR, iAR
TR Z Py 8L, W4 Bk A A T T R Y
LI, AT g R A R TR LA

T0) P VR Ko g 4 B L S i BELAT 25 T A RS
I TREERG N, PRS2 AR R X WA 3 22 25 11l 559
XTI R SE . N VAR T RS e, Sk
{1 S NI R RAS 71 T2 = ) S BN PN s e 2 G2t )
PO A% S TR . p-GaNJZ RSB V81T
T HGaN MOSFETIW) BB L« Eb 538 i BH RN e KT
W HL Iy T %5 TR VE ) B (Ip-GaN B 24 ik
AT DA L S 3 e BE AR, {H 2 5 B0 R T 0 L 3
i B AL RS, p-GaN A LB Fs 2 ik B 1 e
SR e L, YR BURE SET, h2EpL
FIATAS T T 2. AR —45ME, Liuge AP
LR )2 p -GaNJZ F A R AR il 4 1 1 i 2
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A Si,N,/SIO,

n*-GaN

GaN substrate

n*-GaN substrate

n*-GaN substrate

Bl 3 KRS A AR TR 48 R AL SRR b A
FETHIREHRIA; () Frn-GaNHL 02 Mk B A LM OSFET

. (a) GaN-on-GaNZE F{ {4 MOSFET; (b) EA & im i 2L I fEMOS-

Figure 3 Different structures of vertical GaN trench MOSFETs. (a) GaN-on-GaN vertical trench MOSFET; (b) a cross-section of grooved GaN
MOSFETs with a field plate; (c) vertical trench GaN MOSFETs with n-GaN current distribution layers (CDLs)

2783 V. HFiEHFK1.6 mQ cm [iFFEGaN MOS-
FET.

23 JETRAAE RALE J)Z M B IR &R
UL SRRV I RS

BT R ALY A A B I 2 1 T AR 4 e A Ak
Y ARV AR (in-situ oxide GaN interlayer-
based vertical trench MOSFET, GaN OG-FET)j&3& T
GV FEMOSFETTESS # el ik i), S5 is
MMOSFETAH L, OG-FETHEA MMFAE: (1) 1 FHAE#KL
%Tf@* (unintentional doping, UID)f)GaNH [0 JZ1E Ak
XL, W0 T BASNE-CHUR, B TIEE T
%, (2) #IMOCVDJEA A A Y, WG T itk
A, e TR R AT SR, IR MOSFETHY
VB TR ZDE i, FEmh b, MeE b y=a:
(R 2 2 BUR T T8 L B O B R REAIR,
AR PERE. OG-FETHHL Sl JE a5 I 1 L+
RGN S0 TR I AT A
TN R 27 ) Gupta i AV x5 5k 1 7]
L, XU TEMOSFETES ) U I 158 A etk oy ik,
i MOCVDTEMIA [T HGaNZ [ 4: K — 2 i1 A5
ZGaNH 8] |2, B fEn-p-niA 45+ F - TMOCVDH,,
A FRUTRR, 4R, XA TAE R EE i p-
GaNFﬂéIzJi*”J%‘@Eﬁfa?ﬂEﬁﬁ%?%ﬁ%GaN(UID-GaN)E@
R, #1153 H A GaN OG-FETH ATt B 7 2 1 42
. SR MOSFETHH [L, %810y e S
FHFEMK%3.8 mQ cm’, BIMEAER2V, dEdER
195 V. 20174F, AT FARAB A Ak v A o 22 AN etk
GaNAHE™, 4 T drdUE N990 v, Sam ALk N
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2.6 mQ cm’fYOG-FET, FH-1EA Lol T S8 7
1.6 MV/emiP i 2i s, RI4E, TR &4
s R i SRR 2.0 MV/em(~1000 V). Ji
25 NP5 ) FE 54824 GaNTE R 2, IR XL
U RIZE R, WK 4(b)FT7R. 1%GaN OG-FETHYAE T
BB 185 cm™/(V's), diZfliJEN1435V, L SmArH
422 mQ em’. MBATFE400 pmx500 pmi AT AR | i
% TIRBERERE, I RS R900 Vv, SiE AL
4.1 Q. 20184F, flfiTiil & T ISPl A B R K
i F1OG-FET™*.
UID-GaNH i) ZE L MOCVDAE K G, 758 X p-
GaN#E 2T IRIR K, H T p-GaNZ, Xt
R T AR T, R LR T it 25 1
AR A T R G R U, Lige A ok
%Lﬁ;ﬁi —JZUID-GaN4iH, JEM T 50G-FETZAURY
iy, 2L ERE 600 VAL, T A
0.3 Qcm’. MBEﬁiké £ TP p-GaNx— 5%, 2t
3T p-GaNAY R AL B0 ShE o T IS SR A R,
FFRERS T E TR .
AL TAER &R 2= . 7EOG-FET
PR, R P AREE ThFE IS A GaN e )2 HHT. 73K
Bz, ot Ty SRS, AR Z A
P, Chatterjee N5 14 /3 HrOG-FETHI N L%
FE IS, R AT A I 0 4% B ) A ) B R 4 )
WL, L T OG-FET A ITRES 0 (5 YL i

2.4 T LIS XS BOM AT

{E5: () B GaN MOSFETE. A % BT mybEfE
T, (HRAEAMER A K L) K p-GaN T 5K F7 1, FHAS



Source

E n*-GaN

Source
i

MOCVD regrown n-GaN

15 pm n-GaN MOCVD regrown Al,O4

1 um n*-GaN

Bulk GaN substrate
Drain

Bl 4 OG-FETH FBAEH L B Kb AR I . (a) OG-FETH) FEAMEZZE5H; (b) B XA EEHAIOG-FET
Figure 4 The main structure of the OG-FET and the application of terminal technologies. (a) The main epitaxial laminated structure of in-situ oxide
GaN interlayer-based vertical trench MOSFET (OG-FET); (b) OG-FET with a double field plate structure

T3 H GaNTIR AR I & . ANEFn-GaN, p-GaNE
A AR 32 I LA SBAR 2T RS R, p-GaNf
AINIE A RARBAR FCAR B HBG T 1 8 4 o 25 14 2 2 A
B

19994F, Hu% Nk W] 1 682037800 R4 (fin
field-effect transistor, FinFET), JF7ERERTE bl 45 H—
i U X o SO Ak - 4 2% /K (silicon-on-insulator,
SODZEFI AN KMOSER 1, X Fh 25 H 3 T b B 4
TR, $Ee TR AR R RE . B T LAEE S
AR & JR, FE . GaN FinFETR i k. A% 1545
Y HMOSFETs, GaN FinFETHY{E# 2 H 7% n-GaN,
N5 Eip-GaNJZ AL IE & S WA E R SEWRIRS T 1Y
BHIT. FinFETAIMR i 68 00 B2 A o A S R, 4 s 21
B, DRI 4 B FIGaN 2 [al i ) sk g 2 57, #ERL T i
F R TR T, TR AL 1 e e,

Xt FFinFET, #1588 77 575 (<500 nm) LU T
SERAEI, XN SR R R AE ). RRAETEE T
2B SunZs APV S T T W, g TR
AR ELEE A, A GaNA e b il 5 B ok 94 g
PRI GaN FinFETZ549, ESHIR, #5850
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Figure S Structure of the vertical GaN FinFET

1733



M4 %8 & 202358 $£68% %144

O T TS RE SEBURRE AT

2.5 RE5ER

FE3HH T S T R BRI R R S
. FIAR GaNTPR A A = R A% 538 L B A
Jr R, i Bl S LA R S ok L 6 1 v o R LA
Je GaN Ty 3 f (48 6 v A0 3 BBl P %) o FH o i A 22,
g YR T 37 % 5 %, Rk [ H R (thresh-
old voltage, V)5 (L, /I WAEH—ERER,
R R HAE R R G MR RE S VB RNV — B
BV R, BEE A R 4R B MOk &, #5m1)
B L A A oo P RE . JFC
SEFRERETT IR M LI/ N HUAE, S RS
TITEERE . X AR GaNTh & k4, T LIALLT
JUA T REESE 7. (1) BT GaNTZR AR 1 52 BRI,
FHBF 32 A2 TR E200 52.600~900 VA LRGP, it
FER TG RO AR 250 E0, AR S 8

3 ABHREREHEEESHER"

(AR S R TR LR T (2) WHFEGaNT AR ffk
ETRAR AL B P B A LA JR), 8 B B
A JR Z TR A B AN BLRERL, (3) o S e ) R AV A
SRR, JEHE = AR B O L8, AT E— 2
i g DA A P RE NS E AR R]. DL b [l Y
figp DA T LU RO R R B 22 AT RS, A
wefF el BT B AR A5 i, DA TN BE 4 Lo HH
HAGI .

3 RALEhIC

P16y BL AU 1) GaN D F2 g 1 BK 26 B P &6 Ha,
HER].  GaNLjZgs il 3K st 7 mT Aok [ e
Qb FR 4 (central processing unit, CPU). 4% il .70 (mi-
crocontroller unit, MCU)ZEFMEEE B IIEEHIE S, T4
R T RIS GaNTI A& . 5 ik EEMOSFETHI
KB R H AR L, GaNTI R 2v2F A Bk 9K 21 f i A
PAITF3ANEER: (1) GaNIPREMARYFF IR L A ik

Table 3 Development of various performance parameters of GaN power transistors

R A B HHEREBV(V)  BHAEVL(Y)  FEAFR,, (mQ cm®)  TFEH /L)
2011 University of California” 250 NA 22 NA
2015  University of California™” 870 NA 0.4 10
2014 Avogy Inc.”"! 1500 0.5 22 NA
CAVET 2016 Panasonic Corporation'””! 1700 2.5 1.0 NA
2017 University of California™ 225 20 NA NA
2018 University of California™ 880 21 2.7 2x10"®
2022 Bannari Amman'>”’ 1590 6.76 1.24 10"
2008 ROHM Co., Ltd""! 242 37 93 NA
2013 Toyoda Gosei Co., Ltd™ 1605 7 12.1 NA
2015  Toyoda Gosei Co., Ltd™" 1250 35 1.8 NA
MOSFET )
2016 Toyoda Gosei Co., Ltd" 1300 3.5 34 NA
2020 Xidian University"”! 2783 4.1 1.6 NA
2022 Shenzhen University™”! 1306 3.15 1.93 NA
2016  University of California™*” 195 2 3.8 10°
2016  University of California™" 990 3 2.6 10°
2017 University of California” 1000 32 3.6 NA
OG-FET " )
2017 University of California™ 1435 4.7 2.2 10
2017 Cornell University™ 600 16 0.3 10°
2018  University of California™" 900 2.5 4.1 107
2017 Cambridge”™” 800 1 0.36 10°
FinFET -
2017 Columbia University” 1200 NA 0.2 NA

a) NA: Not available, JCA 30 {H
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Silicon (Si) material is the mainstream semiconductor material for a long time because of its relatively excellent high-
temperature resistance, radiation resistance, low price, and huge reserves. However, with the rapid development of power
electronics technology, the development of technology has reached a bottleneck period, and Moore’s law has gradually
failed. The existing silicon-based semiconductor devices are close to the theoretical limit of Si materials and can no longer
meet the performance requirements of future power devices. However, the cost of transistors is constantly rising, and the
performance improvement is slow, gradually moving towards the post-Moore era. To further improve the performance of
the device, it is necessary to seek new technologies or new materials to support the continuous development of power
devices, and the core of the progress of power semiconductor devices is the development of semiconductor materials. As
the third generation of wide band gap semiconductors, gallium nitride (GaN) has been superior to Si in terms of material
properties. GaN has the advantages of a wide band gap, high critical field strength, high electron saturation velocity, high
conductivity, high-temperature resistance, and high voltage resistance. Compared with traditional Si-based power devices,
it not only has higher breakdown voltage, low on-resistance, high electron mobility and good thermal conductivity, but also
has smaller device volume and better heat dissipation performance under the same performance, which greatly reduces
power consumption and achieves the effect of energy saving and emission reduction. The cost of early GaN single crystal
preparation and epitaxial growth is beyond reach. However, with the mature development of growth technology, not only
the cost of GaN single crystal substrate and its epitaxial growth is decreasing, but also the quality is gradually increasing,
which lays a solid foundation for the wide application of GaN power devices in the future. This paper lists the main
physical parameters of GaN and other semiconductor materials, the preparation of GaN single crystal, and the main
methods of its epitaxy growth, and describes the advantages of GaN power devices in the current environment. For the
device structure, the problems of the lateral device and the advantages of the vertical device are listed, and why the vertical
device can become the mainstream structure of future power devices is explained. On this basis, the structure, working
principle, research progress, and existing problems of vertical current aperture GaN transistor (CAVET), trench GaN
MOSFET, vertical trench MOSFET based on in-situ oxidation GaN interlayer (GaN OG-FET), and vertical GaN fin field
effect transistor (GaN FinFET) are introduced in detail. The performance parameters of vertical GaN power transistors
mentioned in this paper are summarized in tables according to device types and time sequence, and the general direction of
the development of GaN power transistors in the future is proposed. For integrated circuit systems, the special requirements
and key technologies of GaN power devices in driver chips are summarized. Finally, for the current market environment,
listing the vertical GaN power transistor in the medium and low voltage range is a more popular and promising application
scenario.

gallium nitride (GaN), epitaxial growth, vertical GaN transistor, GaN driver integrated circuit
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