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J R TR (two dimensional electron gas, 2DEG) , X 4 f H AR T FpBH. 4R,
SIIL 5 TR LR LR 58 R A (O D A, o U N IRW RS E, W R
I AR TR Z 38 m D 8 o R 1 7 B R B8] fH | AlGaN/GaN HEMTs %
RS BRI H HLERAE A3 B O A ey 2 P B IR BOR AN e EL A A (161,

ASCEIR$EH T —FHA Double LDD (low density drain) [FJ#7 % AlGaN/GaN HEMTs #4514,
LT L B4 () % B 2DEG 23 A1, SEIL T IR DR A B IR T L (Y RESURF (reduced

jlll

‘ SR BLEY, M. B RESURF AlGaN/GaN HEMTs $S{FMIE/M . thER: /5 BB, 2012, 42: 770-777 ‘




TEEY FERE B 42% F 6

surface field) HAR. FFA AL Gl R O718) FE8 AR M 5 TN — 52 B EHLAy, ff AlGaN/GaN
HEMTSs #s{F 3R I3k BI04 (M35 s], mi g RAR), B B 4k ISE 4
PraRH, B AlGaN/GaN HEMTs #2551 25 M R B H S5 M N 257 V #5131 550 V.

2 Ll

AlGaN/GaN HEMTs il Dh& S BA w38 2w TARIR AN BT A 0, ZE 2 i 1he st
FEES R0 FAT S B8 I LRIt A0, B O SR L P 3 R 8 o A LAt o 288 1) [ 2 e Th 2%
HAE. AlGaN/GaN 545 RN TE L T % 5 2DEG, 7l 45 AR A6 AL 18 T s AR AL R R E
WAk, BIIMAG R AT (1) gt (B o(2) RGN AT, Papontancous (AlsGag—pN) il
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Figure 1 Cross-section of the new RESURF AlGaN/GaN HEMTs
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Figure 2 Surface electric field distributions of the conventional AlGaN/GaN HEMT's
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Figure 3 Surface electric field distributions of the new RESURF AlGaN/GaN HEMTs. (a) Single and Double LDD
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structures; (b) Double LDD and Double LDD with the positive charge near the drain
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Drain electrode of AlIGaN/GaN HEMTs
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Figure 4 Cross-section of the drain electrode for the AlIGaN/GaN HEMTs
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Figure 5 Breakdown voltages for the AlGaN/GaN HEMTs
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Figure 6 Output current for the Double LDD and Double LDD with the positive charge near the drain

I LE AT IO AMEAE ], IR R R AT L 23 X LDD B0K (Rt HL .

4

it

ARLE L T FHi % RESURF AlGaN/GaN HEMTs #3fF45#), L 7E AlGaN #AL )2 4y

DX 5N A g il B R VA TE I 2% B 2DEG, a8 3 T B MIR L Sk v i 38 o WU IR H Y. B
X} AlGaN/GaN HEMTs #8{FRFRR 1 FEHLEE, 8 105 BT RIE T AlGaN/GaN HEMTs ##F HH 1%
TR A BT <RI RN T AE T F A B R A AT, IRAE SRR F AR RS X S N IE

1,

531X LDD JE R i itz BAR. 45 5 0], i RESURF AlGaN/GaN HEMTs 5% #il

SRLLARL, di U A 257 V B E] 550 V, 1 HEET IR AR IR DA IE R AMEE A AL LE 1A HL R .

B AU TR R T BB UK R T 18 5 fo i By, R #3% 2 E I GaN HEMTs 3§ 72

A ARH S FOR AR, R 8938 7 TREBEMEH KA X W EEHE R XK R URRTSE.

B3 3k

1

Bi K Y, Li S F. The development of wide band gap semiconductor devices. J CAEIT. 2006, 1: 6-10 [¥&5g o, Z5FAV.
TR PR R . P E RSB ), 2006, 1: 6-10)

Song D, Liu J, Cheng Z Q, et al. Normally off AlGaN/GaN low-density drain HEMT (LDD-HEMT) with enhanced
breakdown voltage and reduced current collapse. IEEE Electron Device Lett, 2007, 28: 189—-191

Ando Y, Okamoto Y, Miyamoto H, et al. 10-W/mm AlGaN-GaN HFET with a field modulating plate. IEEE Electron
Device Lett, 2003, 24: 289-291

Saxler Y F W A, Moore M, Smith R P, et al. 30-W/mm GaN HEMTs by field plate optimization. IEEE Electron
Device Lett, 2004, 25: 117-119

Hsien C C, Chia S C, Yuan J S. Power and linearity comparisons of gate and source terminated field-plate pseudomor-
phic HEMTs Semicond. Sci Technol, 2005, 20: 1183-1187

Tipirneni N, Koudymov A, Adivarahan V, et al. The 1.6-kV AlGaN/GaN HFETs. IEEE Electron Device Lett, 2006,
27: 716-718

775



Bt Hif RESURF AlGaN/GaN HEMTs %4 5 2 #r

7 Wei W, Lin R B, Feng Q, et al. Current collapse mechanism for Al1GaN/GaN HEMTs with field plate structure. Chin
Phys, 2008, 57: 467-471 [Bst, A5, HMf, 2. R4 AlGaN/GaN HEMT fH A SR, M3 24H, 2008, 57:
467-471]

8 Bardwell J A, Haffouz S, McKinnon W R, et al. The effect of surface cleaning on current collapse in AlGaN/GaN
HEMTs. Electrochem Solid-State Lett, 2007, 10: H46-H49

9 Arulkumaran S, Liu Z H, Ng G I, et al. Temperature dependent microwave performance of AlGaN/GaN HEMTSs on
high-resistivity silicon substate. Thin Solid Films, 2007, 515: 4517

10 Arulkumaran S, Egawa T, Ishikawa H, et al. Temeprature dependence of gate-leakage current in AlGaN/GaN high-
electron-mobility transistors. Appl Phys Lett, 2003, 82: 3110-3112

11 Chen X B, Johnny K O S. Optimization of the specific on-resistance of the COOLMOSTM, IEEE Trans Electron
Devices, 2001, 48: 344-348

12 Sameh G, Nassif K, Salama C A T. Super-junction LDMOST on a silicon-on-sapphire substrate. IEEE Trans Electron
Devices, 2003, 50: 1385-1391

13 Ng R, Udrea F, Sheng K, et al. Lateral unbalanced super junction (USJ)/3D-RESURF for high breakdown voltage on
SOL. In: International Symposium on Power Semiconductor Devices and ICs (ISPSD), Tokyo, 2001. 395-398

14 Chen W J, Zhang B, Li Z J. Novel SJ-LDMOS on SOI with step doping surface-implanted layer. In: the 13th
International Conference on Computer Applications in Shipbuilding (ICCAS), Portsmouth, 2007. 1256-1259

15 Park 1Y, Salama C A T. CMOS compatible super junction LDMOST with N-buffer layer. In: Proceedings of the 17th
International Symposium on Power Semiconductor Devices and ICs (ISPSD ’05), Napoli, 2005: 163-167

16 Hidetoshi I, Daisuke S, Manabu Y, et al. Unlimited high breakdown voltage by natural super junction of polarized
semiconductor. IEEE Electron Device Lett, 2008, 29: 1087-1089

17 Duan B X, Yang Y T, Zhang B. Folded accumulation LDMOST (FALDMOST): New Power MOS transistor with very
low specific on-resistance. IEEE Electron Device Lett, 2009, 30: 305-307

18 Duan B X, Yang Y T, Zhang B. High voltage REBULF LDMOS with NT-buried layer. Solid-State Electron, 2010, 54:
685-688

19 Shreepad K, Deng J Y, Michael S S, et al. RESURF AlGaN/GaN HEMT for high voltage power switching. IEEE
Electron Device Lett, 2001, 22: 373-375

20 Wataru S, Masahiko K, Yoshiharu T, et al. Influence of surface defect charge at AlGaN/GaN/HEMT upon schottky
gate leakage current and breakdown voltage. IEEE Trans Electron Devices, 2005, 52: 159-164

Breakdown voltage analysis for the new RESURF AlGalN/GaN
HEMTSs

DUAN BaoXing* & YANG YinTang

Key Laboratory of the Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices, School
of Microelectronics, Xidian University, Xi’an 710071, China
*E-mail: bxduan@163.com

Abstract A result is obtained in this paper first of all the depletion process is different from the silicon power
device in the AlGaN/GaN HEMTSs by analyzing the active region depletion. Based on this special breaking
principle in the AlGaN/GaN HEMTs, a new RESURF AlGaN/GaN HEMTSs structure is proposed to decrease
the surface electric field and increase the breakdown voltage. In this structure, two different negative charge
regions are introduced into the polarization AlGaN layer to decrease the high edge electric field by depleting
2DEG helpfully. The positive charge is added to the near drain electrode to decrease the high electric field peak
of the drain for the first time. By applying the ISE simulation software, the Virtual Gate effect is verified in the
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AlGaN/GaN HEMTs. The breakdown voltage is improved from 257 V of the conventional structure to 550 V in

the proposed structure.

Keywords AlGaN/GaN, HEMTs, breakdown voltage, electric field, RESURF, two dimensional electron gas
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