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AT AL S8 AlGaN /GaN & LT IER R i RS (high electron mobility transistors, HEMTs) #& {4 113&
M, IR g g, AR T —F B A 50 A4 GaN 18 2 8 B AlGaN/GaN HEMTs #3451, 3
R 5 KA IS 7R A1GaN #22 ETHER Mt ri Al B3R F AR P35 X 2 8] 5] NEB 4> AAE GaN 12, BT A1E GaN
JZEA1 A1GaN # 22 2 ST AL AR AL RS, FRAIK T V438 — 4 HL 7 (two dimensional electron gas, 2DEG) [F#&
B, kT MHAZRIRE 2DEG X35, {57418 2DEG R X, 51542 NG o0 4. 18 1 &) 78 18
2DEG KR E A, WmiAH] T AlGaN/GaN HEMTs #fF FIZR T g, R IR 808, 724 T3
U, HAT AR T MO 2 i i 3%, AlGaN /GaN HEMTSs g% 12 1 f8.37 73 Aii 5 in ¥ 21, FI A ISE-TCAD
AR B iR @I &t — 8 EE K E AL GaN 12, AlGaN/GaN HEMTs #8410 28 Bk A&
JEERI 427 VIREBIF BT 960 V. T4 1E 2DEG W /N, WiE N, 745358 AlGaN/GaN
HEMTs #8451 8 K I T 9.2%, BB JUT RS, e KRG R IE = T 12%.

KR = IR R IR, IR, 4R TR, i LR

PACS: 73.40.Kp, 73.40.Vz, 73.61.Ey
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FEIH AL = A R (>1 x 1013 em=2) Al iE B %
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sional electron gas, 2DEG), JE% i& F T i = o)
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Fig. 1. Cross-sectional diagram of the novel Al-
GaN/GaN HEMTs with a partial GaN cap layer.
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Fig. 2. Equipotential distribution of AlGaN/GaN
HEMTs under breakdown conditions: (a) Conven-
tional structure; (b) novel structure: 7" = 228 nm,

L =3 pym.
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Fig. 3. Surface electric field distributions of
AlGaN/GaN HEMTs under breakdown conditions:
(a) Comparison of the conventional and novel struc-
ture; (b) variation of surface electric field distributions

with L of the novel structure: 7' = 228 nm.
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Fig. 4. Relationship of breakdown voltage with pa-
rameters of the partial GaN cap layer: (a) Breakdown
voltage dependence on L: T = 228, 30, and 10 nm;
(b) breakdown voltage dependence on T: L = 3 pm.
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Fig. 5.

curves between the conventional and novel structure:

Comparison of forward characteristic

(a) Transfer characteristic; (b) output characteristic.
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Fig. 6. Variation of Cgg with frequencies of the con-
ventional and novel Al1GaN/GaN HEMTs.
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Abstract

In order to reduce the high electric field peak near the gate edge and optimize the non-uniform surface electric
field distribution of conventional A1GaN/GaN high electron mobility transistor (HEMT), a novel A1GaN/GaN HEMT
with a partial GaN cap layer is proposed in this paper. The partial GaN cap layer is introduced at the top of the
AlGaN barrier layer and is located from the gate to the drain drift region. A negative polarization charge at the upper
hetero-junction interface is induced, owing to the polarization effect at the GaN cap layer and AlGaN barrier layer
interface. Hence, the two dimensional electron gas (2DEG) density is reduced. The low-density 2DEG region near the
gate edge is formed, which turns the uniform distribution into a gradient distribution. The concentration distribution of
2DEG is modified. Therefore, the surface electric field distribution of AlGaN/GaN HEMT is modulated. By the electric
field modulation effect, a new electric field peak is produced and the high electric field peak near the gate edge of the
drain side is effectively reduced. The surface electric field of AlGaN/GaN HEMT is more uniformly redistributed in the
drift region. In virtue of ISE-TCAD simulation software, the equipotential and the surface electric field distribution of
AlGaN/GaN HEMT are obtained. For the novel AlGaN/GaN HEMT employing a partial GaN cap layer, the 2DEG
is completely depleted from the gate to the drain electrodes, arising from the low-density 2DEG near the gate edge,
while the 2DEG is partly depleted for the conventional Al1GaN/GaN HEMT. The surface electric field distribution of the
conventional structure is compared with the one of the novel structures with partial GaN cap layers of different lengths
at a fixed thickness of 228 nm. With increasing length, the new electric field peak increases and shifts toward the drain
electrode, and the high electric field peak on the drain side of the gate edge is reduced. Moreover, the breakdown voltage
dependence on the length and thickness of the partial GaN cap layer is achieved. The simulation results exhibit that the
breakdown voltage can be improved to 960 V compared with 427 V of the conventional AlIGaN/GaN HEMT under the
optimum conditions. The threshold voltage of AlGaN/GaN HEMT remains unchanged. The maximum output current
of AlGaN/GaN HEMT is reduced by 9.2% and the specific on-resistance is increased by 11% due to a 2DEG density
reduction. The cut-off frequency keeps constant and the maximum oscillation frequency shows an improvement of 12%
resulting from the increased output resistance. The results demonstrate that the proposed AlGaN/GaN HEMT is an

attractive candidate in realizing the high-voltage operation of GaN-based power device.

Keywords: high electron mobility transistors, electric field modulation, two dimensional electron gas,

breakdown voltage

PACS: 73.40.Kp, 73.40.Vz, 73.61.Ey DOI: 10.7498/aps.66.167301

* Project supported by the National Basic Research Program of China (Grant Nos. 2014CB339900, 2015CB351900) and the
Key Program of the National Natural Science Foundation of China (Grant Nos. 61234006, 61334002).

1 Corresponding author. E-mail: bxduan@163.com

167301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.167301

	1引    言
	2器件结构
	Fig 1

	3仿真结果与分析
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7


	4结    论
	References
	Abstract

