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1. Introduction

The wide-band gap material, GaN has attracted for the
high power and the high temperature applications due to its
high breakdown field, high saturation velocity and low in-
trinsic carrier generation [1]. Various AlGaN/GaN high
electron-mobility transistors (HEMTs) for the microwave
applications have been reported because of the high sheet
carrier density (10" /cm?) and the high breakdown field (>3
MV/cm) [2]. The high voltage switch device should endure
the high breakdown voltage and decrease the |eakage cur-
rent for suppressing power loss. The dual gate AlGaN/GaN
HEMT is suitable for the high voltage switching devices
due to the high cut-off frequency and the high breakdown
voltage [3].

The purpose of our work is to design and to fabricate a
new dua gate AlIGaN/GaN HEMT, which exhibits the high
breakdown voltage and the low leakage current for the high
voltage switching applications. We fabricated both the
proposed dual gate AlIGaN/GaN HEMT and the conven-
tional AlGaN/GaN HEMT with single gate. The proposed
dual gate AIGaN/GaN HEMT does not require any addi-
tional insulator deposition process of the conventional Al-
GaN/GaN HEMT employing the field plate [2,4]. Our ex-
perimental results show that the breakdown voltage and the
leakage current of the proposed dual gate AlGaN/GaN
HEMT are 362 V and 75 nA while the conventional Al-
GaN/GaN HEMT shows 196 V and 428 nA. The effects of
the gate bias and the gate-drain space on the electric char-
acteristics are reported.

2. Structure and Fabrication

Fig. 1 shows the cross-sectional view of the proposed
dual gate AlIGaN/GaN HEMT. The AlGaN/GaN HEMT
structure was grown on a C-plane sapphire substrate by
MOCVD. The AlGaN/GaN HEMT structure consists of 3
pm thick, undoped GaN buffer layer grown on an AIN
nucleation layer. A 330 A thickness, undoped Aly;Gay/N
layer and a 50 A thickness, doped AlsGay/N layer were
grown on the GaN buffer layer for the piezoelectric polari-
zation effects. The mesa is formed by ICP etching for the
isolation. Source and drain ohmic contacts are formed with
Ti/Al/Ni/Au by annealing 850 °C for 30 s. The Schottky
gate was formed with Pt/Mo/Ti/Au by the lift-off process.
The measured sheet electron concentration and the electron
mobility are 7.82 x 10" /em?® and 1530 cm?/V/'s at the room
temperature.

The distance between gatel and source (L), the gatel
length (Lg1) and the distance between gatel and drain

(LgtLgotlgq) of the proposed HEMT are 2 pm, 2 um and
10 pm, respectively. The distance between gatel and drain
of the proposed HEMT is designed identical the distance
between gate and drain of the conventional HEMT. It
should be noticed that the gatel and the gate? are
simultaneously fabricated and the fabrication of the
proposed HEMT does not require any additional process.
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Fig. 1. Cross-sectional view of the proposed dua gate Al-
GaN/GaN HEMT

3. Experimental Results

The leakage current of the proposed HEMT with vari-
ous gate? voltages (Vgy) is shown in Fig. 2. The threshold
voltages of the proposed HEMT and the conventional
HEMT are measured and each other found to be -5.16 V.
The leakage is measured under Vps =5V and Vg = -6 V.
The leakage current of the proposed HEMT decreases as
the Vg, increases. The leakage currents of proposed HEMT
with Vg, =5V and conventional HEMT are 83 nA and 428
nA. The leakage current of the proposed HEMT decreases
compared with that of conventiond HEMT because the
additional gate (gate?) decreases the electric field concen-
tration at the drain-side-edge of the gatel.
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Fig. 2. Measured leakage current of the proposed AlGaN/GaN
HEMT with various gate? voltages

The maximum transconductance, gmme (@ Vpos = 5 V)
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and Ips (at Vps = 5V and Vg = 0 V) of the proposed
HEMT with various gate2 voltages are shown in Fig. 3.
The gnma Of the proposed HEMT is not affected by the
gate? voltage and the Ips of proposed HEMT is decreased
at the Vg, = 5 V. The gmmax Of the proposed HEMT does
not vary with Lgg. The gmma Of the proposed HEMT with
the Lgq Of 5 pm and the Lgq of 4 pm are 8.1 mSand 7.7 mS.
That of the conventional HEMT is 8.0 mS. The gy ma and
Ips of the proposed HEMT are amost identical with those
of the conventional HEMT.
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Fig. 3. Measured gmma and Ips of the proposed AlGaN/GaN
HEMT with various gate? voltages

The leakage current of the proposed HEMT decreases
as the Ly increases as shown in Fig. 4. When the gate2 is
located away from the drain, the electric field of the gatel
and the leakage current decrease, respectively. The pro-
posed HEMT with floating gate2 and the Ly of 5 um
achieves the lowest leakage current of 75 nA which is less
than 20 % of that of conventional HEMT.
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Fig. 4. Measured leakage current of the proposed AlGaN/GaN
HEMT with various L g

The breakdown voltage characteristic of the proposed
HEMT with various gate2 voltages is shown in Fig. 5. The
breakdown voltage of the proposed HEMT increases com-
pared with that of the conventional HEMT due to its elec-
tric field alleviation of the gatel. It may be attributed to the
field metal ring effect [5]. The breakdown voltages of the
proposed HEMT with Vg, =4V and Vg, =0V are 319 V
and 295 V, respectively. The proposed HEMT with floating
gate2 achieves the highest breakdown voltage of 362 V.
The breakdown voltage of the conventional HEMT with
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single gate is 196 V, which is 54 % of that of the proposed
HEMT. Fig. 6 shows the breakdown voltage of the pro-
posed HEMT with various Lg. When the Ly of the pro-
posed HEMT is decreased from 5 um to 2 um, the break-
down voltage is degraded from 362 V to 133 V. The dis-
tance between gate2 and drain (L) of the proposed HEMT
determines the electric field concentration of the gatel.
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Fig. 5. Measured breakdown voltage characteristics of the pro-
posed AlGaN/GaN HEMT with various gate2 voltages
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Fig. 6. Measured breakdown voltage of the proposed AlGaN/GaN
HEMT with various L g

4. Conclusions

The dual gate AlGaN/GaN HEMT with high break-
down voltage and low leakage current is proposed and fab-
ricated. The leakage current of the proposed HEMT de-
creases because the additional gate, gate2 decreases the
electric field concentration of the gatel. Our experimental
results show that the leakage current of the proposed
HEMT is 75 nA, which is less than 20 % of that of the
conventional HEMT. The additional gate of the proposed
HEMT alleviates the electric field concentration of the
gatel asthe field metal ring. The proposed HEMT achieves
the breakdown voltage of 362 V while the conventional
HEMT shows the breakdown voltage of 196 V. The other
electric characteristics of the proposed HEMT are not de-
graded compared with those of the conventional HEMT.
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