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2. #t AlGaN/GaN HEMT #3es T 2347 TR, B S aEnmE,
M T EEMENFEARS, PR —fET TVAUT/Au AR, ERhsi
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The Research of AlGaN/GaN HEMT

Abstract

Xiao Dongping (Microelectronics and Solid-State Electronics)

Directed by Academician Wu Dexin

Owing to the superior combination of high values for intrinsic breakdown
voltage, saturation velocity and operating temperature AIGaN/GaN High Electron
Mobility Transistor (HEMT) is an ideal candidate for high-temperature, high-power
and high-frequency application. In this thesis, the key fabrication technologies were
studied, two complete sets of AlGaN/GaN HEMT process flow were exploited and
good device performance was obtained. The main achievements of this work can be
summarized as follows:

1. Anew GaN HEMT layout was designed to analyze epitaxial material, process
parameter and device performance. The provided detailed experiment data is very
usetul to improve device material and performance.

2. The key fabrication technologies of AlGaN/GaN HEMT were studied. Device
1solatton was accomplished by using mesa etching and ion implantation, respectively;
The Ti/Al/Ti/Au ohmic contact was investigated and a specific contact resistance of
10°Qcm? was obtained; The Pt/Ti/Au schottky contact was studied and a shottky
barrier height of 0.86eV was gained.

3. Based on mesa 1solation and implant isolation, two complete sets of
AlGaN/GaN HEMT process flow were proposed and validated. In China, based on
implant isolation, GaN HEMT with good performance was demonstrated for the first
time, which opens a new way for GaN device processing.

4. The DC and RF characteristics of both small and multi-finger power
AlGaN/GaN HEMT were tested. For small HEMT (Ls~=lum, Lg=4pm) a maximum
drain current density of 1A/mm and a maximum transconductance of 198mS/mm

were obtained, yielding the hghest reported transconductance and current density 1n



China, an fr of 18.6GHz and an f,, of 19.1GHz were also obtained. Both the
maximum gate-drain and source-drain breakdown voltage were larger than 40V. The

maximum output current of multi-finger power device (1.6mm) was measured to be

1.54A.

Keywords: GaN High Electron Mobility Transistor (HEMT) Ion implantation
Dry etching
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AIGaN/GaN HEMT #8853

1.2 AIGaN/GaN HEMT I RBIH$

1.2.1 GaN #EY R BF &

HAE 1932 4F, Johnson % AR A IBRENT LS - RKEKEHR
IRAS GaNU'l 20 G, BELE 1959 4, Grimmeiss Syl & GaN HEBOR BIE,
T BRI R B R IRABEE SR GaNY, iy TR 88 @ KRR MELLSE B GaN 28
SARBEL DL GaN A KM F B R T AR EEA R H) &, 1969 G5 F 0 ML
i o2 RCA SCE Y Maruska F1 Tiejen 55 AF|H HVPE (Hydride Vapor Phase
Epitaxy) S H4IE 71 B WAE B 50 # RS _E AMEE HH K TR GaN 28 )

Maruska ZERUfSRI AR, FALTRT GaN A EIAIBRFT =4 TR, 1971
N3 ¥ GaN MIS-LED fal i, 2ud By s & sl A R AR MY o &Y
A By Tk E s RS]T 10%em”, ST RRN THRE, BEMHE
SRR IC S E), EREEH GaN i p BBy, RKHRRE T HACHR FHL
WY R, B—AE, 4ESMEHRMEESEREEAN S, PRRE
. B, T EREKALTESPIFE, GaN SR AR E
8. B 7 20 tH42 80 AE{LEKEE, HA Meijo KR L Akasaki 25k | MOCVD £OK,
FIEB S E KT, BAHBGET GaN JERgEH, R& 7 HE e H R
BT GaN &4 p BB p-GaN #IZRAEHT GaN ShZEHHRHF B B AR R HER 7
GaN #IBF5c. M 90 4F{GER, 7 GaN MFTSE S A FHAEBRRER T .

1.2.2 GaN i FE#H""

ZF GaN B FRAMRRE, TESAWARE: HEVEG (FET) FX
RAIBEM (HBT). SB35 MESFET(Metal Semiconductor FET). MISFET
(Metal Insulator FET). JFET(Junction FET) . MOSFET(Metal Oxide FET).

MODFET(Modulation Doped FETYHEMT(High Electron Mobility Transistor) f{l
HBT(Heterostructure Bipolar Transisitor), & 1.1 £5tH & GaN FET SO ELEL.
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T L1 BF GaN ST
MISFET/ MODFET/
Device MESFET JFET
HIGFET HEMT
AlGaN/GaN i- or n-GaN
n- GaN channel _ n -GaN channel
channel/insulator/ channel/
Structure metal gate p -GaN gate
metal gate AlGaN
barrier/gate
Metal gate on
Gate Schottky gate on dielectric Ohmic contactto | Schottky gate on
formation GaN channel insulator P-GaN gate AlGaN Barrier
(813N, AIN)
Low gate Variable and high High electron
Advantages Simple structure | leakage,high gate gate turn-on velocity, high
turn-on voltage voltage current
Extra gate bias
_ Low electron
required to _
Low electron velocity, low _
. ‘ compensate _ Complex layer in
Disadvantages Velocity,low _ _ current difficulty
piezoelectric field | | ‘ growth
current . in forming a short
due to inverted
gate
structure |
Best approach
comments among GaN FETs
H gif GaN 3 FET BU#F35 B £ p7E AlGaN/GaN HEMT, X 2 A GaN HEMT
A LLF LA A AR

) m# B £ HEMT 2:{FH

TECHESTHRNE, RETFHIIBRRER.

2) Keifi: &£ HEMT g& ¥+, HTH

(I BERE) 10em™,

3) HEMT 88§ el R B AUE R 5 580,
4) HEMT {EEE, HIHBERRATE
1.2.3 AlGaN/GaN HEMT MB35 R

i, HEMT &
5, R AR 21T

b, BREFMER TSR EEEN, B

AR B R AR, WET 4R TR

AT HRETLE.

FL7E 1993 4F Khan 25 ASAF#EI 7 AlGaN/GaN HEMT g3 ¢F. I FREE ST
R R RAIANIEE, BT 2 RkE, AlGaN/GaN HEMT g% RARIR.

F#SiC, &ir AMTA

F GaN B S K EME, TLE#ETREIRAME, GaN #hiE IR M B EERAEE
HATRATLL iR R GaN 2. 3 1.2 45 HirYJE AlGaN/GaN




AlGaN/GaN HEMT 5 {44437

HEMT 25 {FBIF R RE.
# 1.2 AlGaN/GaN HEMT 2485 # B

TR | S0 5
1993 | 85— KM E A # K LR & AlGaN/GaN HEMT [9]
1997 | %—KAE SIC #JE L AlGaN/GaN HEMT [12]
DC | 2001 | #—qe SiHE L E AN AlGaN/GaN HEMT [13]
T | 1996 | A S 120mS/mm, 1 um, ERME 4pm [14]
1998 | B AEES 205mS/mm, MHE 1 um, FERKEE3um 15]
1998 | R KHKEHEE 1.22A/mm, S 1um, FHEE3 um 15]
1994 | W I]IE 7K /ME 55T [16]
1997 { /7=6GHz, fr.x=11GHz, i< 1 um, SiCIkK (12}
RFJ_ 1998 | f;=15GHz, fue=42GHz, € 0.7 um, SiC #E [17]
frfﬁ 2000 | //=110GHz, f;2=140GHz, & 0.05um, SiC #IK [18]
T:r 2001 | /7=67GHz, fu=136GHz, # 0.25 pm, EE ALK [19]
2002 | /=85GHz, fua=151GHz, & 0.25um, EEAHIK (20
2002 | f,=20GHzZ, foux=27GHz, #HE 0.5um, Si4TIK [21°
1996 | %5 ~IKIRiE T GaN HMET fRiE KI5 ST [14]
1997 | 4GHz F, HHREE K 1.5~1.57W/mm, EEALHE 22]
1997 | 10GHz F, HHEFEE X 1.7W/mm, EFEOFE 23]
RF | 1997 | 18GHz F, THEHE X 3.3W/mm, & FHHE 24]
K{& | 2000 | 6GHz F, H1EEEH 6.6Wmm, EEAHIK [25]
245 | 1999 | 82GHZ T, IMETET ¥ 9.1W/mm, SiC HE [26]
£ ) 2001 | 20GHz T, ZH#&FIEH 6.6W/mm, SiC #JiK 27]
2001 | 8GHz T, THEFT X 98W/mm, SiC #/K 28]
2001 | 4 GHz F, ¥WZEE X 0.5W/mm, Si#E 13]
2002 { 2GHz T, BHEHEH 1.5W/mm, Si#E 29
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1.3 AlIGaN/GaN HEMT 5% BRIk R & Risip

1.3.1 AlGaN/GaN HEMT &% B ik
BT GaN S EESFTE. BTE. KEE. gkt smEsilismis.

FEHUERABE. PEMSSWEEREENYHRIR. L
&SRO, HE), 1F GaN EHERAT

= 7 28 I AT 5

AR SEHUV Y Cree R E &2 RIL T

THVEME X KR TF, EBEIAE 10W/ mm BISIESSE, Cree 2AFIEIRIET 2GHz
TH TN BEAF] 100W, 6GHz F#iHi s 3AT] SOW GaN #514, fH8E ]
Bk eSS, 1.3 45 E S GaN FET s e B HTIRIE .

#% 1.3 GaN HEMT EHSH Bk

[ Sh B 5 BLAR SCEK
BANEKEE [>17A/mm, #HE 025 um, JEHKEE 2pum [30]
mNKEF 400mS/mm, MK 0.25 um, WHMEE 2 um [29]
EFHE S70V, M 05 pum, WEEEE 13 pm (31]
Jr/ frnax 121/162GHz, # 0.12um, FEEEEN 2um [32]
b chAE B | 10.7Wmm . 10GHz 133}
= Py 7 BUAR

EREREE | 095A/Mm, WHE 1um, FREFE3Ipm {34]
BRRES 120mS/mm, M 1 pm, FREE3um [34]
Fr/ fruax 12/24GHz, ¥ 025um L [35]

G hEERT | MARLMEXRE

1.3.2 AlIGaN/GaN HEMT B & R
o o R To AR B AS T A AR S A R B AR T B T R 2R I 5T

57 CFOM ( CFOM=Combined Figure of Merit )

SR TEEMEER. XUEREREFE. SF. KPE. &3 &P,
AT A P L BRI AR . B 12 WP H T 300K T & e SRR an B

361 B2 R F CFOM AL 84K

MRS . SR PHM B, AETLUEL GaN 2R, FBRKTE

PRFR B A




AlGaN/GaN HEMT 2344115

CFQOM

Si GaAs

&:\\R\\ X N \M_ .
2 1.2 300K T &FEEMHHIELamER T

7

7

A E

FOM

HF RS T EA S E8, InP EH{F, GaAs & MESFET. HEMT
HIHBT. Si Z84TERTHEN 2 ~3GHz (EHERT. P ERGEEMT
ERETI R E . GaAs M RSB PEREE, HFEBHIER, HA GaN i 1/5. XE
E{F18 GaAs BBHFEXIEN A EA R AR, GaAs ZAF{HE 10GHz
FRIThEBEERA 1W/mm, SiGe R H AR LIRS T, EZM GaAs —H L)
A, SiC MESFET BRBHRIFAIEMMEEE, (HEH TIIEB RGN, &
BRI, HTHERMBHAT 10GHz, Cree 28| BB H IR %
¥ 7.2W/mm B SiC MESFET, {B2#i% 4 & T 3.5GHz, A4 SiC #ERAERT
INTTBE &, HIEPTEEABHE 2 REA RS E. GaN fFPREE
JeEig. S, AMEMERBNEE, BERISHE:

(—) GaN {808 %E S, WL {EE 1GHz 8 40GHz R TR EEH A

(=) GaN B{prhEHER DIAT] 10W/mm, & Si hEHFFR 6 f5, GaAs iy
10 4%, AMBELAFKERIIZE, 5 Sifl GaAs HAMILET LAESRARIRT
KR

(=) GaN S EATHEEATE. 300C T REfEREgar, W Si £
40 CHR AT TIET .

(00) Si AR BILIREE, BH 10%, IEREHIKEENGRETH 90%
DB ERERBET, TEMERE RNERAEHERERFSFR TR, GaN 4
BT ¥ O SR BRI A R T AR SR 4. AT RN F B
BB AESL, FERKAEDN TIZEHEBIERERT B4,

(i) GaN BfFF A THEES. KUEE. SAMERA. ZLEFLA.

6



5w G

RAE GaN Fee 185 (F FI s B B 2 IR0 AR U, B REMHREERE
{5 BLE B EMG B RT TIE. B, SIMARBERRT Si N GaAs SORHEL, GaN
HARTBARR, HHE GaN HARKN KW EEEREH/IEIE, K KA
7 GaN Mt ENSED), EARE GaN HHRR R E IS, BT GaN FEEK
6 2 2 B AME, T Si T GaAs #2 R A RVFASMNE, I GaN # BHRIFLE R &,
FEEm B LR KR FE R GaN AHRIETRAR A, BRI RS EETEAE
] GaN Z2{HE0 2R A B 5 1Y SiC SRAVE A IEEAT B, X (115 GaN 7 & B R AR
B (e EE FE S GaN i Somm SE T HELTAREE, HEAED
| F¥5T, maETFERR-THasE) Pl B4, SiCHRBHRTZERK
FIFR S, BETHEA 2 #1 89 SiC & h = fdt. L E L GaN ZACEA 1Y Si 40 GaAs
sepl HESERMPTTE, NMEBESM RS REE T RS YU GaN &5
R R ST, REESENERE, BRESEITa R,

&> GaN R S@RBHMEBIEEIE, HAEEZ, TiHEIhMRA.
TREEHERNLREEREBHESATEH —, BEEGHEEMEIKEE
EYA— AR K RIT .

L4 RIRBAEMNREN

Ve ERERMNAFTIBEET AFMER. KNELEYT- SRR T
ne g P m AR AR AC{ERRR A 3 H MR HFAE L Z ESE3 AlGaN/GaN
HEMT 384, BFR BRI S MY, ALLE GaN &R, KINESIFRIBER T T 28,
oA B 9 2 vb E RN 2 B 2 S TR B MBE AMNE S, RAE B A AR EAE K HRAY
SMIEHS#L

PO RO S R . TESMIGESREPERHNR . HETK
EASTT R & R B S R R B RO PERRIR I T E R E R, REEXE
SRR S KUIEMER. EAFESESEMAD, RF CGaNHEMT SHER
B B TR, FIA AlGaN/GaN H1{ER) HEMT RA &M@, 1%
cezsess iR MNAKER . WA BT TESMRRSMNA, EEMERHE X, K
W ESE S T R R B ANR A AN EER, FeEFRA/NMML. &
ATEM R R, BEREOSZANTRE. BirE AlGaN/GaN HEMT AR RIHt
e TR, ACTPARARE. TEREN, FENZ BRI TE R AR,
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AlGaN/GaN HEMT 25 {31355

B K GaN Z{FHIDF5EA %, AlGaN/GaN HEMT 58 FRIZE R ES. HEl, B4
PR EESERE TR, LR, AR T RESaNE
HRAMRIRE. A, X MREESERREOENEE S TLEEESY, mE
BEFHMACERFNEM L, RSN SEMEREEETENHEE L.

1.5 AR XMTERARAR

fE%E B 2001 £ 9 ALk, ERITREBER LR SMRIBEEE PO E
VXSS ESHBRLRELEANNRNME T, FFE T AlGaN/GaN HEMT 2§
{FRIBFSE THE, T EAE AlGaN/GaN HEMT B TAEJEH, AlGaN/GaN HEMT 484
MIBTTHIXT B AR ZH T THT9E, REFF HXH T AlGaN/GaN HEMT #4487
FMETENTZHRE. FEXETENFTEE:

¥ A48T AlGaN/GaN HEMT 25145 RIS FN AlGaN/GaN HEMT 28
HRIFR B L.

I 5 7 AlGaN/GaN HEMT #54Fiy TAEJFE, K CAERB S T
ShIELEFD XS ERAFIEREAY 20, mRAA A RS FR T IHA.

FH=F: RBEEANRERE. BHieaMERMSEEE, % ES| GaN HEMT

FEFR RS LA RFRERM L, it —E& A T4 tr Ak GaN HEMT #4043
ARRE. ATREAHET GaN i Z gtz FEMS RS, &t T /NER
HIEELFI|REEH, AT EETEREMBNRERR, ®Rit T EEERL
BAL AT EESFEEER, kit T REERAEE. BEREGEEBANTZ
FFESE L EMERGIE TN, RIEXRABIF 7%,
FEIME: 75 7 AlGaN/GaN HEMT SR IMKRELZE, R PI L %
RIERE E, RS SRR RN, BT EABORER & AlGaN/GaN HEMT 4%
HFHETE T ZHE. FHBCRITERMNFRIER LR ERREL L#TT
LWF A . @B R A AMEEUE 7R BRI WE GaN HEMT g5 LZ Ry a] 471
mMHABIETEXMELZMENEEE., RAXHELZRER SRR E4H
{4 B4 1 R A E] 90% LA |,

BRE: WM T AR S RS E AR SRR R E A
AlGaN/GaN HEMT SB{FE KA ATEEE. ML REXARINMAIAEAIMEERK
i) GaN #18Hh %& H  RBE B R 4 T8 55K E#Y AlGaN/GaN HEMT gs 4. FEEN

gy

8



B it

BRI RN T AR GaN HEMT %44, BN BEARSERESE
FEALEFHTT GaN &R EtEEe, il — D ES R ERRRI T 8
G, DA T 3R FE SRR, 4 RRHEIITFR/NRIR G FIE
LA RE R RO RN R R . IR ALA R AIHHHRIAT TVAVTVAu, PUTV/Au
AR, AR n B ALGaN KK it BELAEA 107 Qo R R, BLGEIRE

0.86e}



AlGaN/GaN HEMT 2540197

¥ % GaNHEMT 4R TIERERMHBE MR

2.1 GaN HEMT ey T{EfR2

HEMT 2844 875 MESFET it E% 0 R RERI 2 ME HM AT &3t
EFNEARRERTMEREFNAEENSHBREF SRR TESH LB
W, RESNRELME SR TR (2DEG). BT R TR L
OB, BT oENECIER (BIRFEHSDH, B FIBREERS, ARIER
iRk T MESFET £ #3520k 5388 2 Z MBI . HEMT JBE Bk 48
5145 Zu b N SRS (MODFET). @ TSN E (TEGFED . i&RB=
B S (SDFET) U,

2.1.1 —# HEMT 84 “4 B F 0K

bl N-AlGaAs/GaAs 5 R4 R BRI —4e i TR B RGN ILEW
41 2.1 Fiw. BT SEAERENERRATDTBAEL, BRI N-AlGaAs
2K ALR S T GaAs i, ZEPHBRTEEEIEEBRE Gaas —l, &
Wi VS TE AlGaas — -, FEMIE AR RAT i, AlGaAs —MERHE 2, GaAs
A= AR, REERB PRSI SRR EE, EE
HRRAK A E LG EEEEERENE S, EFTREATRLAZAH
61, BRUEFRCH BT,

N-AlGaAs ¥ (GaAs

2.1 BRESFRSHFITEHR

2.1.2 B R AR AL R R A s e AR A

% AlGaN/GaN HEMT ZMsf, T4 hm kB e L 10%m™, KTH
= LY BRSPS AT KB 4 SR (GaAs P-HEMT i)
SDEG WA % 10%em™). X T EE T AlGaN/GaN £ #yH 7L 3R Y Ik LB LAY,
BRI B,
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AlGaN/GaN HEMT s #479%

B F GaN HEMT 40 TERE RV ST

2.1 GaN HEMT &85 T RE

HEMT 384 £ 75 MESFET JEfY E¥ 0K BRI Fe R AN &3+
BB AL REMHNRETHTESEN IHBREF SRR TESH LS
B, {ERAEMAEAREN %R TN (2DEG). BT E AR TR LAY
N, BRT oEMECER EIRERSD. R TIBEEERS, ERANEE
b RR T MESFET &M B3R SiE 8 R 2 b1 Fi . HEMT B E B 8F kR
S48 2 R RS (MODFET), —#s TSNS (TEGFED). &HBR
HrEEmE (SDFED) Ul

2.1.1 —# HEMT 84 “@ R 078 M

Ll N-AlGaAs/GaAs 5 Fis hBISE U8 — 4 by TR AL BRI SWILEN
W 2.1 For. BT ERGE RSN RANEFARES, EBREN-AIGaAs
B BKALEE T GaAs i), HEPHBTHEBIBRE Gaas —), &
P ETE AlGass — i, REMHARARHRAEZ I, AlGads — U AH 4. GaAs
B EAES A . REEBP PR AT LR ERHE RS B, £E
HREAE A ENED SR EREN, EFTRENTRLERAH
g, BRI ZHRTS

N-AlGaAs GaAs

2.1 BRI SHILAER

212 H ARG A e e AR AL ALY

7E AIGaN/GaN HEMT e, —2tif kB el Uk #] 107%m?, ATH
2LV AL AYRES AR R RS T 4w VR (GaAs P-HEMT i
IDEG KIE % 10%em™®), X TR T AlGaN/GaN & #H FE7E 3B R A AL R,
bill=h -2l h R



W GaN HEMT 88T #) THERE A B B kit

Ga-face N-face

“‘»l Q ©o @ On
S84 f‘i’ @
‘lQ & ot

0 e ©

/8 2.2 GaN ST SEWE R TR

GaN Rk HAL SRR R M PR 5EH. B 22 SR T GaN 41987 454iie
(0001 JHI[0001 7 FIBSSR F-HEF IS4, TLAEH, € GaN 45, H—1> Ga ;&
2 N FFESTA N 80 Ga 4, BT Ga il N B FRGFARE, MATTEMIE
(0001 R B MR, AEM SRS RS R PP R Y, Fit
GaN M EHAY & YIE[0001 77 [ AT AR P, GaN RIBRPEFTLAAI(0001). Ga fRTEIR
F—AFH, (0001), NREFRH—AIIH. HT Gatiil, Ca FfR— 1y
AT, N ETREANE FE S A NARE S Ga R, B
Ga #) N BEFTHET 55, titmf®. NREY Ga il B AR HEML
MR

7E258 GaN Bkeh, A ARRER/ME BRI T, R RLARER.
(E7E GaN S kseihep IHRIBHE (RITES B —Fhdhdk, I AlGaN JB BN R ARH
V) HALSEAHNT. X6, FEAAMEATERE R R
BC A AR, THAME AlGa.N/GaN SRR AW T &4 B8R SRR EL
Ae = IR ARAL..

SCREAERAT AN G T, AlGaN/GaN B Fisfeh AlGaN 2 GaN JZ+1HY
BAVIEIE P& T B SRR Pop AUERIBALIRR Pee ZH1. AN Al GaN HHIH
EARAVRRER A, B4 1 (00015, Pse BT IAIE KIT MR, ¥
0001} 751 I #) AIGaN/GaN R REE, ALGaN R R %), @
FE e iR AL 3R B T IR KT AR R . SR BEAE AlGaN/GaN P AR AL AT IE
WA, AR R R R AR B e, LRI R
R L S AR AR, BRI E T B E A
FHBEER P, Mﬁ'ﬁﬁﬁﬁ&tﬁéﬁi:&%@%ﬁ M 23 8l T RES T EERAL



AlGaN/GaN HEMT #3 47 57

AR BACESFT B R A I i
-G -
#ng * Pre 5] l AlGaN
"5‘ +¢ ‘ ‘ Tensile strain
R e I GaN
¢ sr relaxed
Substrate

B 2.3 ReERICH B R Ana 7y R A A R AT

WFEH B RBTE BRI, BEE AlGaN ERBRIENRF,
AlGaN/GaN R RZTHETEM T EE TR WREBAK AlGaN/GaN R Fi4, Fakt
it 2DEG s 4™

wile) =2 (o), 5, -k, () e

HH ofx)= P(41_Ga, N)~ P(GaN)= Py, (4l Ga_N)+ P, (4], Ga,_ N)— Py, (GaN) A1%
AFFFEENREFNEE. AT x B AIGN BT ALESW, coBZABER, 4
RALEBEE, ¢ 0y REMPLRE, Er BHMNT AlGaN/GaN R Ei4 GaN FH
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