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Regulation of Gate-field Plate on Breakdown Characteristics of
AlGaN/GaN HEMT
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(School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: The physical mechanism and related theoretical issues of improving the breakdown voltage of AlIGaN/GaN High Electron
Mobility Transistor (HEMT) by gate field plate are not studied deeply. In this paper, a gate-field plate is introduced into the tradition-
al AlGaN/GaN HEMT structure to regulate the electric field distribution within the device and increase the breakdown voltage of the
device. The device is modeled based on Silvaco TCAD software. The effects of gate field plate length, thickness and insulating mate-
rial on the channel electric field distribution and breakdown voltage modulation of the device are studied by simulation calculation.
The results show that the peak value of the channel electric field decreases with the increase of the length of the gate field plate, but
when the length of the gate field plate increases to a certain value, the peak value of the channel electric field decreases; The thick-
ness of grid field plate has little effect on the distribution of channel electric field; The higher the dielectric coefficient of the insulat-
ing medium under the grid field plate, the smaller the peak electric field intensity of the channel; the device breakdown voltage is
more than 800 V when the length of the gate field plate is 2.0 um.
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Fig. 1 Structure of gate-field plate AlIGaN/GaN HEMT device

& i SilvacoTCAD 4% {4 14 Atlas 2H 17F 22 57
(79 M 37 R AlGaN/GaN HEMT %5 {1 5 48 5 %4
Bl 2 s . dE 48 4% (UID) GaN ¥4 8 )22 GaN
EARBIREN T BN n B 75 50800 7k
FEE R 1 X 10° em ?, i B & E K 1 000
em?/Ves, N T Bilk ALGa, N# 2 2% Al4H
A3 3 i B AlGaN #2212 5 R P SR | A
Ji i e AlGaN/GaN FU1 5 /2 F B, W AR i 4 1Y)
TR BE 20 Bk [ 38 22, %t 2DEG 1Y 85 38 3 5 | S 4%
Ui A IR AL, ALY EE R 44 2 B 0.25,
HREMTFHRERERN1IXI" cm ™, Al
Ga, N # £ 2 F1 GaN 25 wp 2 5 i 4 B 3838 )2 7

-0.04

-0.02 1

Materials
Air

X/um

2 HHAM AIGaN/GaN HEMT AU E A7
Fig.2 Numerical simulation model of gate-field plate
AlGaN/GaN HEMT



T iETEE MHAH T AlGaN/GaN HEMT o 28R (1 45 189

A T Y HL TR (2DEG) , 2DEG & Z Ok PR 2 Al
Ga,— N Fl GaN H % Ak 55y A o Ak 3300
2DEG % E S 1.4X10% em 2, IR WS
A2 21 2 ol 25 T Ay RO i, 5 R R T A R
HLBH , % R=R,=100 Q; Bt 5 % 22 2 1 42 fisk
MR R AR E N =09 eV,

AlGa,_ N ) 15 2 B nT AR 5 GaN Fil AIN
(R 155 750 2 B0 T AL %) JBE IR 4 43 2k ko (B T B A
#|, GaN 1 AIN 1y £ 5 2 ¥ n 3= 1 r 7~ o
Ala, N AE 7 56 B T AR s

E (x)=2E,(AIN)+(1—2)E,(GaN)—

2(1—2)=6.13x+347(1—2)—x(1—2x) (1)

BT 53 v BT B SR AR O AR A YA A O AR

FEL I SR PR R YIRS AR

ww=—§@—n+wﬁfwn, (2)

- an
VJ,,—qR+qa—Z, (3)
- 9
*VJPZqRJrqafp, (4)
3
(a)
002 |

m
=
o

XXX XXX XXX X
S
El

Materials

[(ONG= === R Ne |

CocoivamRNEHHO
2 2R NE2XNE IR &
3% 0 KX XXX

322333332332

Air

2
Sapphire
Conductor
Electrodes

X/um

©
-0.02 |

0.00

0.02

y/um

Electric Field (V/cm)

0.04 334418
a8
3

Materials

%18 N
0.06 8t i

e GaN
0.08 _

—

J,=—nquN®,, (5)
j; =—pqu,NP,, (6)

Horp , WA I A, e AR BB, ¢ L
RPALHE AT, 2 p B4R T 5 A SUE
Ny R Bl ok i, N UK B2 T
BE LT, T, 53 0 T R 2 O I L R AL
B s X E G5, 0, 0, KRB 72X
7 B K H

F3A0 N T HORE G b S N R B
Tiz BIR A LR 2% B o A, 5 B P T e 1

F1 T=300 K Feyptrt A
Table 1 Material parameters with 7=300 K

MEZE GaN AIN Al o:Gagy 7N
I AL 9.5 8.5 9.3
iR/ eV 3.47 6.13 3.95
SRR eV 3.4 1.9 3.0
HL RS/ (cm?/Ves) 1000 300 825
PR/ (cm/s)  1.5X107  1.5X107 1.5x107
HRCFWES /eom 26X 10% 4.1x10%  3.0x10"

(b)

-0.02

0.00

0.02

y/um

0.04

0.06

-0.02

0.00

0.02

y/um

0.04
0.06

: N
0.08 310 Sapphire

Conductor

-4 -3 -2 - 0 1 2 3 4

3 AEMEZACK R A EEE R A
(a) 0.0 pm; (b) 1.5 pm; (¢) 2.0 pm; (d) 2.5 pm
Fig.3 Electric field distribution in devices under different gate plate lengths
(a) 0.0 um; (b) 1.5 um; (c) 2.0 pm; (d) 2.5 um



190 PR 224 (H SRR R

47(1) 2024

1 iE B % B A (High-field saturation mobility
Model ) , %% K 45 1145 7Y ( Fermi Statistics Model )
S5t FOE VR R ST R A vT A% 2 5 2% 1 1 e
AR S T S EUL s TAER Yy st f2 o 5
R U AN ¥ R Y G VAN VNS S R T
1Y) T 5 R it s T RE A 4 345 300 K

2 R 5N

2.1 3HHKEIT AlGaN/GaN HEMT SHi4ER
WA HMERE

W Ve=—5 V, i i JE V=10 V.,
W32 A B BB ol 0.005 wm , Ml 37 B K B8 L 43 1) H
Opm.1.5pm.2 pm. 2.5 pm [FH T, #8 7F N5
HL 37 0 A B9 ATLAS $E B L 25 5 an & 3 i s .
ML 3 (a) 0] LLE H TG M 3 i 25 4 AlGaN/GaN
HEMT ¢ 14 P9 ¥ M 5 U o 06 {8 PR 37 58 B v 3
3.02X10° V/em; B 3 (b) 7] LLA& H 4l 3 #i i K
BE LA 1.5 pm B, M5 U o 06 {8 L 3 5 B
2.64X10° V/em; M E 3 (c) A LLFE 37 i K
FEAR & 2 pum Ji, AR T o UG {8 F 37 R A A AR
F T 2.31X10° V/em 1] WL 3 AR 2% 14 04 A
HL 37 0 B AT A, A R A R R
PR 2 PR 37 M 43 7E AlGaN 3 2 2 B i #E R
2, R T M SRR 2 0 il AR BRAIR
Wt G A i 3 . W 4 Ca) FiFoR , A W37
M Bt T it i EL P A R AR B R R A R 1) I
AlGaN FE /R 2 1 Ak A4 il FE R 2 30 A il 2k
il 285 A, HL 3 2 1) M AR 3 kAR B, AR R RE Y
T B R R AR 2 2k FE R 2 L 3 (R G R T A
W aE T AR JZ A s i an & 4 (b) frs L 24
e E | W de 22 RN TR R R
T MIS ( Metal Insulator Semiconductor ) %8 #4 ,
JE A A5 MIS 25 4 4k F e RUR S, #E R X 5
e 1 R Ik 25 B FE R IX 3 R — 14, AlGaN #E R 2
350 SRR LA N 28 5 Y L 3 R v LA 3
B o 26 050, X AR T AE S T J7 AR IS 2 3R T
AT AR AN B R AT, B 6 FL 3 1 5 e ]
YEZTCI5 K2 R 3 m 7 — 2 H
X e B H far B AR TR T R A R A,
VAT FREA BT, B0
FEAEAR I ALY TR T A s A B R
Yo ZE W B H) 55 T FE )2 P e H g e A Y

Y, 8N T W G 3 e E . FE R TR
BB DX IR N, A H o7 7 A Y A 1) H 3 O A H
S50 BAE RIS, BT A B H ey 7 A Y ) A A
] L 37 & AR IR ), FE G 27 A — W3
WEAE . SR, B 3(d) AT LU H Sl 4 d < B 4y
SN 2 2.5 pm B HE e v 0 (A H A7 9 B2 s T L
FE T 2.63X<10° V/em, X & i T i it
K. Wi gmag 5KRALGNHEGHELES
i, B A7 B 5

@) Gate Drain

1

AlGaN

(b) Gate FP Drain

AlGaN

B4 MWL AIGaNFE/S)Z 3770 i H B0 R 7 K
Fig .4 Schematic diagram of curvature effect of electric field

distribution in AIGaN depletion layer of gate field plate structure

31
30 *©
29
28
27

26| - 2
25}
24}

23t

I 18 BB 3558 B/ (10° Viem)

OTO 0?5 1 TO 1 T5 2?0 2?5
IR B /um
B5 AR T EE I
Fig.5 The peak electric field of the channel under different
grid-field plate lengths

W L PR 377 5 E B M 3 Al I LR 78 B KL
A 5 Fros o al UL, ik 37 Ao g 1 /9 38 3E H



T4  MHZH T AlGaN/GaN HEMT s 243 i 4 191

R2 BB RMAG AT AR R

Table 2 Relative permittivity of insulating dielectric materials
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