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Fig.3 AlGaN surface roughness pictures measured by
contact mode AFM  (a) Before etching; (b) After
etching

B Z0 kAT AlGaN 2R LR B 29 R 1. 2nm, 2]l 5
B AlGaN &1 HURE B 35 2 3nm, R IE R AL H F
#yt 3nm.

L B B 7 [ = jjdsL ] 3 g

55 H I I L 0 TE AR IE B PRI R THTRELRE B2 B 5 |
A48 5 AlGaN Z [a] (1 42 fil i FR Y K K =
0 4 TR -2 T R RE I A A I R R R R R
K.y — T REAR SR A H I I 42 )8 5 AlGaN
P14 22 i T R A SR W A L I B R i — B I R
M RIS B H R . B L UL B L ICP-RIE R 4t %
PG| R R 3R THE R RS BE 3G 2 51 R AlGaN/GaN
HEMTs 4 5§ 5 Ji ) i s H 3 38 im0 3 22 )7 [ 2

AR R L 2R THT A 2 D G L T Rk B 2 T Tk A
TG R ) — P DL R B4 . R XPS A3 B 20 4k
HIJG AlGaN SR 1k 2= R k. B 4 7 3 20 o s
AlGaN F [ Ga3d,Ga2p #l N1s By X 5 £kt T
R Z ot B P RE S 5 5W, K 4(a) 3F
WA BB SCERL13rid i Ga2p XPS {5 1 B
G U HITAE 20 ol i) ok A8 b R WA i IR AlGaN R

Intensity

Intensity

Intensity

Intensity

Before etching
After etching

397 398
Binding energy/eV

399

400

= Before etching

Ga2p o After etching

° %

L e %o
N

)
o°
s::ﬁ-"".

1116 1117 1118 1119 1120

Binding energy/eV

1115

= Before etching

Ga3d o After etching

19 20 21
Binding energy/eV

(d

Before etching
°  After etching

CI2p

N

195 200 205 210
Binding energy/eV

190

B4 25 POt R 2B TS B9 XPS St 1A

Fig.4 XPS of Nls,GaZp,Ga3d and CI2p spectra for
samples before and after dry etching



1780 5

{ZS

22
-+

i % 28 &

1 S A% SE R ME . FL B 4 (b) AT (o) Hf N1s il Ga3d
A AR 1B B0 T DA% 21, 2] T N1s/Ga3d [ {H 29
9 1.20, Z00 5 N1s/G3d i TS HA 1,03, i
B] ICP-RIE R 4t %% 2§ F & T 7% 21 (oK 3 8 N1s/
G3d A TR AlGaN KA N & 5 A% b RR
B B — MR BE A N 25 {7 .

FIR XPS fa il #4 kL 22 1 &% CLEE 1R &R
i, B 4 7n h AlGaN i Cl ot HR X H46H F
L TR AR R L E N . CL T R IF A JE L XPS
WEE . U AR BCL, /ClLy AF R ZI1m < UE . 7 B iR
T A& T X GaN B bk #F 17 Z1 b, R 25 78
AlGaNZ% M JE il GaCl; 3 AICl; 55 & b4 LA J
s ClLEMREY.

ICP-RIE R4 % E & FIA A F T Ga—N
SRR, SFE B AR TR 2 B AR N TR L 1
AlGaN FKEIE B — & % B 1) N 2547 . 7 GaN L 4h
FER RN 28 (7 A 2 F il A 2% . 0 k% A A
KA K N 25 AW 4 8 Fi AlGaN Bt i 1
R ER ALY L n BB 24 2. AlGaN 15 24 ¥k
AR S 4 A A T 1 R S A5 R BH L DT 5
S P R S A A T 1 R R e it e PR O R
B, T LR R Te) R A AR i R T i Y R A S
i i

4 it

ASCH RS T H HL S T 45 A M R 2 R Al-
GaN/GaN HEMTs [1) [ 47 3 ¢ 1 58 21 VT A% 25
Ty 1 R R g 1 i s H 9 G2 G o T T T 5 A L i 2R
LR B — o 2 R R R R AFM 3k %1 ok i
JG i) AlGaN K V- # B . i if ICP-RIE R H i 17
SR AR T 1k 220 ol G R % THDRELRE L B LR A
QU AR SR . 1G It 4 & A1 AIGaN 2 Ta Y 422 fk 1D
TR QU AR 53 e 340 VT B 3 B W Ah vl I 3 K 2 S
L I3 . SR B XPS J3 A1 21l 5 1 2R 1D 0 405 AR 00
M F AlGaN F i I — & | N 25467, i 15 Al-
GaN FIH 4 & £ fol L1085 n BB 2 )2, DT 4 3
L e O R KR BE R H AR R SRR
R& . 30 3 o U1 A A 45 4 AlGaN/GaN HEMTs # /g

U3 ML BE A BIF S & g iE— 2 ke 220 ol 2% F L 1 Ak %)
Pk BE 4R 3t T T80 ) B A E

2% Uk

[1] Saito W, Kuraguchi M, Takada Y, et al. High breakdown
voltage undoped AlGaN-GaN power HEMT on sapphire sub-
strate and its demonstration for DC-DC converter applica-
tion. IEEE Trans Electron Devices,2004,51(11) :1913

Lee C,Saunier P, Yang Jinwei,et al. AlIGaN-GaN HEMTs on
SiC with CW power performance of >4W/mm and 23%
PAE at 35GHz. IEEE Electron Device Lett, 2003,24(10)
616

Chini A, Buttari D, Coffie R, et al. 12W/mm power density
AlGaN/GaN HEMTs on sapphire substrate. Electron Lett,
2004,40(1) .73

Wu Y F,Saxler A, Moore M,et al. 30W/mm GaN HEMTs
by field plate optimization. IEEE Electron Device Lett,
2004,25(3) :117

Wang W K.,Lin P C,Lin C H,et al. Performance enhance-
ment by using the n* -GaN cap layer and gate recess technol-
ogy on the AlGaN-GaN HEMT fabrication. IEEE Electron
Device Lett,2005,26(1) :5

Coffie R,Buttari D, Heikman S,et al. p-capped GaN-AlGaN-
GaN high-electron mobility transistors ( HEMTs). IEEE
Electron Device Lett,2002,23(10) :588

Okamoto Y, Ando Y, Nakayama T, et al. High-power re-
cessed-gate AlGaN-GaN HFET with a field-modulating
plate. IEEE Trans Electron Devices,2004,51(12) :2217
Moon J S, Wu S, Wong D, et al. Gate-recessed AlGaN-GaN
HEMTs for high-performance millimeter-wave applications.
IEEE Electron Device Lett,2005,26(6) :348

Cai Y,Zhou Y G,Lau K M.et al. Control of threshold volt-
age of AIGaN/GaN HEMTs by fluoride-based plasma treat-
ment: from depletion mode to enhancement mode. IEEE
Trans Electron Devices,2006,53(9) :2207

Lee Y H.Kim H S, Yeom G Y,et al. Etch characteristics of
GaN using inductively coupled Cl./Ar and Cl,/BCls plas-
mas.J Vac Sci Technol A,1998,16(3) :1478

Buttari D, Chini A, Palacios T, et al. Origin of etch delay
time in Cl; dry etching of AIGaN/GaN structures. Appl Phys
Lett,2003,83(23) :4779

Shen L, Palacios T,Poblenz C,et al. Unpassivated high pow-

2]

[10]

[11]

(12]
er deeply recessed GaN HEMTs with fluorine-plasma surface
treatment. IEEE Electron Device Lett,2006,27(4) :214

[13] Hinoki A, Hataya K, Miyamoto H., et al. Influence of dry

etching on nitride semiconductor Schottky characteristics.

The 2007 International Meeting for Future of Electron De-

vices, Kansai(IMFEDK) ,2004,PB7.71



511 4 ERIESE . B T RZ M R AlGaN/GaN HEMT i A i A9 HL 2 1781

Effect of Plasma Dry Etching on Gate Leakage of Recessed
AlGaN/GaN HEMTs*

Li Chengzhan', Pang Lei, Liu Xinyu, Huang Jun, Liu Jian, Zheng Yingkui, and He Zhijing

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: The mechanism for increasing gate leakage current in recessed-gate AIGaN/GaN HEMTs, which are fabricated
successfully by plasma dry etching,is investigated. Compared with conventional planar FETs,the gate leakage current of the
recessed-gate AlGaN/GaN HEMTSs increases by 10 times,and the breakdown voltage decreases to some extent. AFM and XPS
are employed to measure the AlGaN surface before and after etching. The AlGaN surface becomes rougher, and even some
protuberances like awl appear during dry etching. Thus the contact area between the metal and the semiconductor increases
for the rougher AlGaN surface. On the other hand,some N vacancies generate plasma bombarding during dry etching. The N
vacancies, which enhance the tunneling effect and reduce the Schottky barrier height, are regarded as n-type doped in the
etched AlGaN surface. All these experiments indicate that the significant increase in the gate leakage current is due to the in-
creased roughness and the appearance of these N vacancies in the AlGaN surface.
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