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Fig. 3. Bias voltage setup for pulsed I-V measurement.

L (a) (Vs Vasq) = (0 V, 0 V)
1.5 F ”’(Vng»V;isQ):(,SV’OV)
L 7"(Vng»V;isQ):(,8 V, 10 V)
Vet -9 — 1V
| 1.2 F
g Step: 2 V
E - =~ - ’.\f 777777777
< 09F X -
s '/ L )
= g
0.6 ), = -
e LRl
0.3—// 7 N 7
/,—,‘_’,,_.'\—,If_,,,l I
0 i ! 0 8 10
Vas/V

Bl A5 T A FEEES R E %1~ AlGaN/GaN
MOSHEMT 1 fik o i th 45 P i 22, B4 (a) AA
IR I S G o N L B VA S AN
—9—1 VZ[a4 4k, v LUE H, SPIIHRE (Vesq,
Vasq) = (0V, 0 V) AL, ARl A 0 B 2 Al
HLI T BB RN 2 A2 T T R, BRI T L0
WA, B4 () A TE Ve = 1 VIS AR
Fr AR B S T kR -V IR 45 51 MR i 25 O
BEHIE Ve M —8—0 V201251, 45 R KB, i
S 25 5 IR R S e B PR A B DD ARG &

N Tk — B W 5B BE 2R X6 AlGaN /GaN
MOSHEMT g #& KM 52, AT &840 4 e
U o 0 S O L R Vasq 20509 0, 5010 VIS IEAT T
Jikrt I-V I, ISR 7R L R HL IR B S AR
F A B HUE Ve MKIOC R, WK 5 fizs. HR
FAIRTE R E M Vs = 1V, i Vas = 10 V
I AN [A)  S R B2 (Visq, Vasq) FSHIERIRE
(Vas@, Vasq) = (0 V, 0 V) FH EE AN LI 1) sk /N 52
[FI I, B A g 7 AH S i B 2% 1 M s PO
B 8 X FR I U HLIAL, Vigs(q) FH Vias(q) 20 99 22 7 Al
AR A0 I A P B A5 i B P Vs M Vs BRNR L R
Vigs Fl Ve

MEISF CLE t, 240 RS e B RN
Vasq = 0 VIR, R 55 B8 25 M A 5 25 O B F e
Vasq PRSI B9800 (W15 (a); T 4IRS
i B FL 36 KON Vasq =5 VIR, FELIAE 3 353 Bl 2 A
FA I B HUE Vieq BISEIN AR AR 4L, R HL 0

1.5
(b)
12f Ve=1V
7 _ — = j_”:-/-\-
g 0.9} P // - e T
i ﬁ 2 E— (V:‘:SQv‘/;iSQ) = (0 Vv, 0 V)
Z ok [ — - (Vg Vasg) = (-8 V, 10 V)
»/’ (Vesq,Vasq) = (-6 V, 10 V)
4 (Vesq:Vasq) = (-4 V, 10 V)
03r (Ves@:Vas@) = (-2 V, 10 V)
— — (Vas:Vas) = (0 V, 10 V)
1 1 1 1
0 2 4 6 8 10
Vas/V

K4 AFAEFESREZMET AlGaN/GaN MOSHEMT [kl I-V #tEMhZe  (a) AFEMHE; (b) EN 1V
Fig. 4. Pulsed I-V characteristics of AlIGaN/GaN MOSHEMT with different quiescent bias voltages: (a) Pulsed

output curves with various gate voltages; (b) pulsed output curves with Vg =1 V.

178501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178501

40

j ; ' Ta 40 T T T 1020
(a) —@— Current collapse 16 (b) —o—Current collapse )
m Current collapsel” — Drain current L 2
X 30 - - - Gate leakage current g é 30 F --- Gate leakage current 10 <
) 112 & ) =
é Ves=1V, Vagggg= 0V ’:I % V=1V, Vagiqy=5V 1100 ,5
= = = o
3 20 | 2 3 L =2
g 20 ] 8 & z 20 b
E > n c g —o 1074 £
S ] E g 9090 ... . 8
= | ] s = )
S 10 u g O 10+ 5
5 N ] {12 = 12 2
5 91071
0 A
oLk . oL . . . d1p-20
-8 —6 —4 -2 0 —8 —6 —4 -2 0
Ves@/V Ves@/V
40 T T
—@— Current collapse .

() . 107 7

m Current collapsel7] o

—— Drain current g

R 30r 2 b

% --- Gate leakage current {10? i

Lol ve=1v, 3

= Vasq) = 10 V 102 &

g 20 P =L I N 1 g

-~ y

g 108 2

=3 )

S 10 =

© 10-1 2

oL \ 10-18 R

-8 —6 —2 0

Ves(/V

5 PRI B A A A fh BB PR PR SG AR

(a) Vasq =0 V; (b) Vasq =5 V; (c) Vasq =10V

Fig. 5. Current collapse as a function of gate quiescent bias voltage: (a) Vasq =0 V; (b) Vasq =5 V; (c) Vasg =10 V.

S5 5 B 5 25 0 5 P V80 T 22080
FEE, SRR IR NIE A B N, BEJS UFE
W (5 (b)); B 5 (c) B 5518 5 (b) KUK
AL B, DA M, B IR A O
FE Viasgy RN, 3575 8 5B 2 K

FhL A 4 455 B R 25 o S 30 2637
A (RS T LS 3o 2 L £ 36
PSR RE: 1) MO HL 3 A OB L 2)
L THE AL 4 Vasg = 0 VI, 245
P B Vi R B T, T LB ol AT
B B LA 20 R BR300 o S, B
A B LI Vs ORI, MRS SN, AT E T
S L N I A7 S TR, B 1 Fh A
SBR[ 5 (a) o 48 O B R 55 A O
FR A 25 A0 B8, 305 EAIE T 3 — B,
I 5 SR [7] B 4 Vasg = 5 VR
10V I, FhLAL 45 B ORS00 80
EM AL, 5 EEAL TS MR AT, I U8 AL Lo
T R T R (U2 () %), Y0 04 3
1% R 2DEG, M 1 45 57 H b 7, B,
PR 0 5 1 9 MO PR A L S, e ol
055 MR T I, 75 A A R 5, I 5 (b)

AN S5 (c) B, B8 L IS 390, &5 12T A,
B AT E S g B 7, I TR FEBFAL
T 46 o5 4 S AL, AR A A i L PR K, Y
E TR, BREPHE R T E, SBORR
IR, SR R A B 5 R X AL Tas B
BACEHARFE T &, H5 30 (7] B4R — 2 W
K5 (b) A 5 (c) B, T H., et s T, #A4eh
TREEMOK, MR 5 BB R, i Sl as1F i
VAR, (HAE, 530K [7] A RAN R,
A 25 i L VL s R SN, PRI A B AN FE
AR/, X AT RE i 2 R A 2 85— M
VENBEBERL ] T BOH R B AN W R A
T AR RE B R ™ B H T AR AT B IO R i T
S N i 3E SRR AN Il R S G DR W a7
I/

3.2 B/HHRSHE

B S BAR LW FT AlGaN/GaN HEMT H [ B
() —Fh ARG R TTE. T IR N BT B B AL
L) N AE VBB, AN GaN 5 HEMT 48 {4 i3k
177 MR EBES T A

178501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178501

1.0 T T T T T T T 300
® Measured data (a)
Simulation
0.8
Vas=10V

7
g 06
g
<
~
2 04

0.2

0

1.5
® Measured data (b)

—— Simulation Vet =5 —1V

K6 i RmmeiEss R

Fig. 6. Calibration of the simulation model.

FRAEA Rk vl B, AR R S 80n T
W WAk 25 L5 R A T L S T A ] s R Aer, B
7T AlGaN 2 2 5 GaN 2% vt )2 5 1 4k 1) 1E A%
b HELTR (T %5 PN 9.5 x 1012 em™—2), Jifi 3= 78 R 1)
R B R0 52 32 29 4 e [ 1 Be 2 R B 5 IR (E.) 9
HHNEs =08 eVHE, = 0.5 eV; it 3= 4 K 1 3
BiE A7 T84k 2 F0 GaN 5518 2 2 18] i 5 T, iR R
Nq = 9.5 x 10'2 em™2, 1 52 3 BUAKFA B8 50 50 A
T GaNZM =R, WEAN, =1 x 1017 em™3; ik
HL R 2 R IR T AR N 0, = 1 x 10715 em?,
MR ) R AR A 2N 0.9 eV. B E R T
FEAR B B 2508 i e VR L R IR ) 22 B
B AL T I R AR AR A B Y (B high field
saturation Al doping dependence). & & £ 4 (H]
Shockley-Read-Hall, Auger fl Radiative) LA} #3%
AR

1.0

0.9

0.8

0.7

Transient I4s/A-mm~!

I~ - Detrapping
i1 L L1l L PR

Time/s

104 1073 102 101

e, X T ( H  BR EAT Re e, P 6 4
T 7 A U B TR M 2 1 0 B %
gL LU 07204 S MR BT A AR AT,
TIE T U TE A .

TERATIRAS 05 U, S 0R IR BB M s
i B Vo BES SR HLE Vs = 0 VR V, T
LR Vi R 10 VRS, B 740 T R R A AR
200 L LT TS PR RO 25 0 L L, T A2
PEAER IR ¢ = 1 ms TFR G, W HL BN 17D B 3
TR, A AR R, T LR s o
ST W 0 25 0 LU, A1 T (). FEE,
L B SUNRAE R S5 ¢ = 1 ms AL EIIHG
VA2 2, T A5 FBL A 90 5 5 M P 2 O L e
HIRIE 2, W 7 (b) B, o7 LA, 47 375 5
FA o 7 90 45 A A 25 O B L 05 4 45 R 5 9
R S LA KL R A 1 B

30

Current collapse/%

Vesa/V

BW7 SRS IEAR  (a) BRSHET (b) HID RS MR A B L 0 R

Fig. 7. The transient simulation results: (a) Transient currents; (b) current collapse as a function of gate

quiescent bias voltage.

178501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178501

Trap occupation

0.9
0.6
0.3

0

Trap occupation

0.9

- 0.6
0.3
0

—0.2 (d) G

Trap occupation
0.9
04N I
0.3

—-1.0 —-0.5 0 0.5 1.0
X/pm

B8 HTHRMEME  (a) Vgq = =8 Vi (b) Vg = =5 V; (b) Vagsq = —4 V3 (d) Vgsq = -2V

Fig. 8. The trap occupation profile: (a) Vysq = =8 V; (b) Vgsq = =5 V; (¢) Vagsq = —4 V; (d) Vg = -2 V.

U2 R P IR, P i AR e 2l L R
A R AR 4 9% 28 A8 MR FLTE N B AL A A R T
FENBEPERLS P 3L FE ISR, i RE 2
FEL TSR ZE R B 0 A B AT — R IR — . B8 4
T M Vs TFIE 8 0V IREA [R5 25 Ol L 6
b i IR FE P AT 1, S, X RV E T
[, MY fh 5EE T R, ATLEH, -8 V3
—4 'V, il MR A A M L PR TS PN, R
THE 2, (ERE M AN i A O L P T 4 S R (i
Vesq = —2 V), BAFIRAGHE 7 Seamjgib, 13X 531K
LR

4 % @

FE Tk o -V IR R e O B S B, X
Jir il £ ) MK (L = 80 nm) AlGaN/GaN
MOSHEMT ) 8h & K AT T IR, MR T
AN [F) S I B AR A B bk -V R PRt 2, SR E
T A R B S A I PR e 2 TR AR O &R,
Hah G A BUE RS 07 AL B, 200 7 AR
TRAE S A B RN IR N E DR ML, &5 5RR M, T
MR L YA AR B4 B A N P A e AL ) 3 R

S8 AlGaN/GaN MOSHEMT #&/4F f B J7 i 153 bt
AR S O B P P 38 2 R R AR A i
b, ARYEHE TS SRAEWT, Dy 1k — B ] IR 5,
A e S A 5 A 5T DA ek N AR R e A
TE AR o o A 920> e o 5 55 S5t it 324 38440 ) e B
RSLE H .

SE

[1] Pengelly R S, Wood S M, Milligan J W, Sheppard S T,
Pribble W L 2012 IEEE Trans. Microw. Theory Tech.
60 1764

[2] PuY, Pang L, Chen X J, Yuan T T, Luo W J, Liu X Y
2011 Chin. Phys. B 20 097305

[3] Zhang C, Wang M, Xie B, Wen C P, Wang J, Hao Y,
Wu W, Chen K J, Shen B 2015 IEEE Trans. Electron
Dev. 62 2475

[4] Meneghesso G, Verzellesi G, Pierobon R, Rampazzo F,
Chini A, Mishra U K, Canali C, Zanoni E 2004 IFEE
Trans. Electron Dev. 51 1554

[5] Tirado J M, Sanchez-Rojas J L, Izpura J I 2007 IEEE
Trans. Electron Dev. 54 410

[6] Wang M, Yan D, Zhang C, Xie B, Wen C P, Wang J,
Hao Y, Wu W, Shen B 2014 [EEFE Electron Dewv. Lett.
35 1094

178501-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/TMTT.2012.2187535
http://dx.doi.org/10.1109/TMTT.2012.2187535
http://dx.doi.org/10.1088/1674-1056/20/9/097305
http://dx.doi.org/10.1109/TED.2015.2446504
http://dx.doi.org/10.1109/TED.2015.2446504
https://ieeexplore.ieee.org/document/1337164/
https://ieeexplore.ieee.org/document/1337164/
https://ieeexplore.ieee.org/document/4114862/
https://ieeexplore.ieee.org/document/4114862/
http://dx.doi.org/10.1109/LED.2014.2356720
http://dx.doi.org/10.1109/LED.2014.2356720

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 178501

Meneghini M, Rossetto I, Bisi D, Stocco A, Chini
A, Pantellini A, Lanzieri C, Nanni A, Meneghesso G,
Zanoni E 2014 IEEFE Trans. Electron Dev. 61 4070
Bisi D, Meneghini M, Santi C, Chini A, Dammann M,
Briickner P, Mikulla M, Meneghesso G, Zanoni E 2013
IEEE Trans. Electron Dev. 60 3166

Braga N, Mickevicius R 2004 Appl. Phys. Lett. 85 4780
Chini A, Lecce V D, Esposto M, Meneghesso G, Zanoni
E 2009 IEEE Electron Dev. Lett. 30 1021

Miccoli C, Martino V C, Reina S, Rinaudo S 2013 IEEE
Electron Dev. Lett. 34 1121

Zhou X, Feng Z, Wang L, Wang Y, Lv Y, Dun S, Cai S
2014 Solid-State Electron. 100 15

Yu C H, Luo X D, Zhou W Z, Luo Q Z, Liu P S 2012
Acta Phys. Sin. 61 207301 (in Chinese) [/, 7,
JASCEL, B, XA 2012 Y7 61 207301]

Gu J, Lu H, Wang Q 2011 Acta Phys. Sin. 60 077107
(in Chinese) [BiVL, &%, T3 2011 #F%4K 60 077107

(15]

[16]

(17]

(18]

[19]

[20]

21]

22]

178501-7

Wang X D, Hu W D, Chen X S, Lu W 2012 IEEFE Trans.
Electron Dev. 59 1393

Hu W D, Chen X S, Quan Z J, Xia C S, Lu W, Ye P D
2006 J. Appl. Phys. 100 074501

Hu W D, Chen X S, Quan Z J, Xia C S, Lu W, Yuan H
J 2006 Appl. Phys. Lett. 89 243501

Zhang G C, Feng S W, Zhou Z, Li J W, Guo C S 2011
Chin. Phys. B 20 027202

Zhang Y, Feng S, Zhu H, Zhang J, Deng B 2013 Micro-
electron. Reliab. 53 694

Kim S, Nah J, Jo I, Shahrjerdi D, Colombo L, Yao Z,
Tutuc E, Banerjee S K 2009 Appl. Phys. Lett. 94 062107
Badmaev A, Che Y C, Li Z, Wang C, Zhou C W 2012
ACS Nano 6 3371

Tan X, Zhou X Y, Guo HY, Gu G D, Wang Y G, Song
X B, Yin J Y, Lii Y J, Feng Z H 2016 Chin. Phys. Lett.
33 098501


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
https://ieeexplore.ieee.org/document/6960850/
https://ieeexplore.ieee.org/document/6588607/
https://ieeexplore.ieee.org/document/6588607/
http://dx.doi.org/10.1063/1.1823018
http://dx.doi.org/10.1109/LED.2009.2029875
https://ieeexplore.ieee.org/document/6578092/
https://ieeexplore.ieee.org/document/6578092/
http://dx.doi.org/10.1016/j.sse.2014.06.040
http://dx.doi.org/10.7498/aps.61.207301
http://dx.doi.org/10.7498/aps.61.207301
http://dx.doi.org/10.7498/aps.60.077107
https://ieeexplore.ieee.org/document/6170551/
https://ieeexplore.ieee.org/document/6170551/
http://dx.doi.org/10.1063/1.2354327
https://aip.scitation.org/doi/10.1063/1.2405416
http://dx.doi.org/10.1088/1674-1056/20/2/027202
http://dx.doi.org/10.1088/1674-1056/20/2/027202
http://dx.doi.org/10.1016/j.microrel.2013.02.004
http://dx.doi.org/10.1016/j.microrel.2013.02.004
https://aip.scitation.org/doi/10.1063/1.3077021
http://dx.doi.org/10.1021/nn300393c
http://dx.doi.org/10.1021/nn300393c
http://dx.doi.org/10.1088/0256-307X/33/9/098501
http://dx.doi.org/10.1088/0256-307X/33/9/098501

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 17 (2018) 178501

Mechanisms of trapping effects in short-gate GalN-based
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Abstract

Deep-level trapping effect is one of the most critical issues that restrict the performance improvement of GaN-based
microwave power devices. It is of very importance for material growth and device development to study the trapping
behavior in the device. In the past decades, there have been made a lot of efforts to characterize and investigate
the deep-level trapping phenomena. However, most of the previous researches focused on the large-scale devices. For
pursuing higher frequency, the devices need to be scaled down. Consequently, it becomes more difficult to characterize
the deep-level traps in small-scale GaN-based devices, since none of the traditional characterization techniques such as
capacitance-voltage (C-V) measurement and capacitance deep-level transient spectroscopy (C-DLTS) are applicable to
small devices. Pulsed I-V measurement and transient simulation are useful techniques for analyzing trapping effects in
AlGaN/GaN high electron mobility transitors (HEMTs). In this work, AlGaN/GaN metal-oxide-semiconductor HEMTs
(MOSHEMTs) with very short gate length (Ly = 80 nm) are fabricated. Based on the pulsed I-V measurement and two-
dimensional transient simulation, the influence of deep-level trap on the dynamic characteristic of short-gate Al1GaN/GaN
MOSHEMT is investigated. First, the pulsed I-V characteristics of AlGaN/GaN MOSHEMT with different quiescent
bias voltages are studied. In addition, the current collapse induced by the trapping effect is extracted as a function
of the quiescent bias voltage. Furthermore, the transient current of AlGaN/GaN MOSHEMT is simulated with the
calibrated model, and the simulation exhibits a similar result to the measurement. Moreover, the physical mechanism
of trapping effect in the device is analyzed based on the experimental data and simulation results. It is shown that
the current collapse of AlGaN/GaN MOSHEMT varies non-monotonically with the increase of the gate quiescent bias
voltage, which results from the combination effect of the gate leakage injection-related and hot electron injection-related
mechanism. In the off state, the current collapse is mainly induced by the traps below the gate, which is dominated
by the gate leakage injection mechanism, leading to the decrease of current collapse with the increase of the gate bias
voltage. In the on state, the hot electron injection mechanism becomes the dominant factor for trapping effect in the
drain access region, resulting in the increase of current collapse. The results in this work indicate that the trap-induced
current collapse can be further suppressed by improving the quality of gate dielectric to minimize the gate reverse leakage

and by reducing the trap density in the epitaxial layer.

Keywords: GaN, high electron mobility transitors, dynamic characteristics, trapping effect
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