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GaN JE 5 L 71T F% 3 S AR (HEMT) AH X BRI o 27 o 7 R ] 7 RT3 R . A T — ek
AR AR, 8IS TE n-GaN AME i 2 R 5] NS AN SE RN BE p-GaN B3 48 i 2 (PIBL) #4) /% p-n 45,
R — M T p-GaN 3 2 5 M 18 B & i [ AlGaN/GaN HEMT #8145 44, Sentaurus TCAD 1jj H 45
KW, ERE RN AERRE T, p-GaN#Z 5] NHI 2> In] p-n 45 A BT A 2 H PIBL AlGaN/GaN
HEMT (¥ 22 [ .37 F R B3 93 A, 100 HL6 T 2% b 2 Mk I s IR0 — 58 4 4 A, X (R AE T AR 8] BE
10 um #J PIBL HEMT R 3 1700 V s 5 S (BV), 2 H A4 H AlGaN/GaN HEMT 7 % Bk
(580 V) {1 34%. [FIRT, PIBL 4544 AlGaN/GaN HEMT KJ4FE S8 F AN 1.47 mQ-cm?, KRS T Fik
1966 MW-cm ™2 {5 i A3 (FOM = BV?/Ron,sp). METH A AlGaN/GaN HEMT, % T35 % p-GaN
18 1 S5 46 1) HEMT #5 0F 75 (R RF B RARRAE 38 P PR 0% R e LA 58 v P o 2 PRI, X (A2 45 M 7E T 26 L )
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2 HHE

PIBL AlGaN/GaN HEMT &5 4 [ #% 11 Pl 4
1R, 5% 3 HEMT 258 (R | 5570 T g 1
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Insulating substrate

K1 (MTEf) PIBL AlGaN/GaN HEMT 45447 K
Fig. 1. (color online) Schematic structure of the PIBL
AlGaN/GaN HEMT.
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ST Y v 1) DX 3k 55 % v 2 22 TA) TR A A 1) pn 4
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W 5| H3%, 78 p-GaN By g iR — 02 s 1 3
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[T . A p-GaN 2 W68 5 22 vh 2 T B 1)
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Fig. 2. (color online) Electric line distributions of the
(a) AlGaN/GaN HEMT and (b) PIBL AlGaN/GaN
HEMT.
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Table 1. Device parameters used in simulation.

2 WA
WK Ls/um 1
MR AT B Lgs /um 1
M Lg /pm 1
MHRIEEE Lgq /pum 10
IR Lq/pm 1
AlGaN 2 R A gan/pm 0.03
GaN )RR tgan/pm 3
p-GaN E R EK D/um 1
p-GaN B RMZ E L ¢, /um 0.2
p-GaN EpRIZAIE W /um 1
p-GaN R Z R AlGaN 2 ¢ /um 0.2
AlGaN #&2 2 IR Ngan/cm ™3 1x 1015
GaN Zf 2 B TIRIE Ngan/cm ™3 1 x 1015
p-GaN BpIRHZ 257K E Npr/em ™3 1.34 x 1017

B T 2 1 B2 S A, TR
MR R, % E p-GaN B R B 2 7UGE B R N
15 ¢cm?/(V-s), 2DEG T # % 1500 cm?/(Vs),
GaN 3E M504 3.8, AlGaN SE M3 N 3.52. K [
S8 1) I FELAT SRS S5 0 485 S T A P A AR AK FLAR , THT
N1 % 10" em™2, ORI BAFE ER S AN
MR 2 AR AR A o R R L LR Y,
HLBS RN ag exp(—E./E), Hdao AR BB &
B, WN2.9 x 108 /em; B NG A5 5 BIg o, %
3.4 x 107 V/em PO,

3 AR5

PIBL AlGaN/GaN HEMT fl%# #l AlGaN/GaN
HEMT (#1563 [-V Rt & 3 frs, i+ PIBL HEMT
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ff1t,=0.2 um, t=0.2 pm, Npy=1.34x10'7 cm~3,
P25 A IR (] BB (Lga) ¥909 10 pm, S84F#
TR E UM (Vis) —6 VT 4R H ik
F)1 mA/mm M IR RS, B E 3 L] R E
t PIBL 45 # HEMT () ifi % B R I8 8] 7 1700 V,
M & B 45 4 HEMT 1) o % HL R A A 580 V. IX %
B AR SCHR H B0 PIBL 45 04 (1)~ 1 i 5 s i ik 1.7
MV /cm, 1 % # AlGaN/GaN HEMT {7 %) o %
H3% R 0.58 MV /em, (N PIBL 25441 1/3.
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SIATSEINIAIA], R R AE R p T By (ML Ak
(3 A S SRS B oA W 2. PIBL 454 rh s /M55
P S p-GaN B #3292 vh 22 35 5 17 IR 1) A Bl 7
ASCREHBA ¥ 8 Y L) 8 4 H A £ 56 K S
FEl |, [AE PIBL 45 44 AT 50 o 28 L

5 78 T PIBL AlGaN/GaN HEMT #1% fi
AlGaN/GaN HEMT 7E 7 % H & F 1) 53 1 H 3%
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Fig. 3. (color online) Off-state I-V characteristics of the
PIBL AlGaN/GaN HEMT and the AlGaN/GaN HEMT.
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Fig. 4. (color online) Equipotential contour distributions at breakdown point for (a) the PIBL AlGaN/GaN HEMT

and (b) AlGaN/GaN HEMT.
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Fig. 5. (color online) Distributions of (a) interface electric fields (y = 0.229 um) and (b) surface electric fields
(y = 0.001 pm) at breakdown point for PIBL and AlGaN/GaN HEMT.
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5N B p-GaN 3 2 3 4y ¥8 R 7 2DEG 4 i
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Fig. 6. (color online) Off-state electron concentration distributions for (a) PIBL AlGaN/GaN HEMT and (b) Al-

GaN/GaN HEMT.
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Fig. 7. (color online) (a) output characteristics and (b) transfer characteristics of PIBL AlGaN/GaN HEMT and

AlGaN/GaN HEMT.
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t = 0.2 um, Np; = 1.34 x 1017 em =3 i, #{F3k
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Fig. 8. (color online) Influences of device parameters on
breakdown characteristics for PIBL AlGaN/GaN HEMT:
(a) t on the BV (¢p = 0.2 pm), and (b) ¢, on the BV.
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Abstract

The relatively low breakdown voltage (BV') seriously restricts the high power application of GaN based high electron
mobility transistors (HEMTs). In this work, a novel AlGaN/GaN HEMT with buried p-n junctions is investigated to
improve the breakdown characteristics by introducing six equidistant p-GaN islands buried buffer layer (PIBL) into the
n-GaN epitaxial layer. The p-GaN islands act as reversed p-n junctions, which produces new electric field peaks at
the edges of p-GaN islands, then realizing a much high breakdown voltage, and the reversed p-n junctions can help to
suppress punch-through effect in buffer layer. Furthermore, the characteristics of proposed device are analyzed in detail
from the aspects of off-state I-V characteristics, equipotential contour distribution, off-state electric field distribution, off-
state carrier distribution and output characteristics. Simulated equipotential contour distribution shows that under the
condition of high-voltage blocking state, multiple reverse p-n junctions introduced by the buried p-GaN islands produce
five new electric field peaks, realizing a more uniform equipotential contour distribution especially at the edges of the
buried p-islands. Then off-state electric field distribution demonstrates that p-GaN islands modulate the surface and bulk
electric fields, which makes the voltage distributed in a larger area, therefore presenting a much higher breakdown voltage.
It can be seen from off-state carrier distribution that the electrons in the buffer layer fully depleted in PIBL HEMT
effectively suppress the buffer leakage current, thus alleviating the buffer-leakage-induced impact ionization leading to a
high breakdown BV of over 1700 V with gate-to-drain length of 10 um, which is nearly 3 times larger than BV of 580 V
in conventional AlGaN/GaN HEMT. Although, the introduction of p-type buried layer narrows the current path and
causes an improved on-resistance, simulation shows that the specific on-resistance (Ron,sp) of PIBL HEMT is only about
1.47 mQ-cm?, while the BV of the PIBL device is over 1700 V, and the obtained figure of merit (FOM = BV?/Ronsp)
reaches as high as 1966 MW-cm™2. The optimization of device structure reveals that when the distance between p-GaN
layer and AlGaN layer (¢) is 0.2 pm, a thinner buried p-GaN island (¢p) should help to realize a more significant electric
field modulation, and PIBL HEMT can achieve a maximum BV of 1789 V with a t, = 0.1 pm. Compared with the
traditional Al1GaN/GaN HEMT, the PIBL HEMT reveals a higher breakdown voltage, meanwhile ensuring low Ron sp,
which makes this structure a promising candidate in the applications of high power electronic devices.

Keywords: AlGaN/GaN, p-GaN island buried buffer layer, electric field, breakdown
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