
 
1. Introduction  
AlGaN/GaN HEMTs have played an important 

role in microwave and millimeter-wave power 
applications due to the excellent characteristics, 
such as a wide bandgap, a high breakdown field, 
a high saturation velocity and a high thermal 
conductivity [1]. In order to improve device 
power performance, increasing of the breakdown 
voltage is needed. Hence, various technologies 
have been developed [2]-[6]. Especially, field- 
plate (FP) structures have been widely used to 
reduce the gate edge electric field, which lead to 
high breakdown voltages [6], [7]. Recently, Saito 
et al. used a source/drain double field-plate (DFP) 
structure in the AlGaN/GaN HEMT to suppress 
the edge electric field between the extended 
source and drain contacts, demonstrating sig- 
nificant improvement in the device breakdown 
characteristics for low frequency switch appli- 
cations [8]. 
 In this work, we propose a new DFP structure 
implemented at the gate and drain sides of the 
AlGaN/GaN HEMT for microwave applications. 
Significantly improved breakdown characteristics 
have been obtained from the proposed device 
structure.  
 
2. Device Structure and Fabrication 
The fabricated AlGaN/GaN HEMT structure is 

shown in Fig. 1. The device structure was grown 
by metal-organic chemical vapor deposition 
(MOCVD) and consists of a sapphire substrate, a 
400 Å AlN nucleation layer, a 3 µm undoped 
GaN buffer layer, and a 300 Å undoped 
Al0.3Ga0.7N barrier layer. The device fabrication 
starts with device isolation, which is achieved by  
remote ion beam etching (RIBE) using Ar-Cl2 
gases with an etching rate of 400 Å/min for the 
GaN material. The drain and source ohmic 
contacts were formed using Ti/Al/Ti/Au (150/ 
1000/450/550 Å) metals, which were evaporated 
and annealed at 850 °C for 30 sec in N2 ambient. 
A contact resistance of 0.34 Ω·mm was obtained 
from the standard TLM measurement. The gate 
Schottky contact was formed by evaporating 
Ni/Au (200/3000 Å). The devices were then passi-  
vated by a 1000 Å-SiN film using remote plasma 
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 Fig. 1. AlGaN/GaN HEMT with the proposed DFP 

chemical vapor deposition (RPCVD). Finally, the 
DFP was formed by evaporating Ti/Au (150/ 
3000 Å) on top of the passivation film. The 
proposed DFP structure consists of two FPs; one 
is a plate extended from the gate metal contact 
and the other is extended from the drain metal 
contact over the passivation layer as shown in Fig. 
1. In order to investigate the effects of the 
proposed DFP structure, the devices with the 
conventional gate FP structure, which does not 
have the drain-side FP, were simultaneously 
fabricated as a reference device. 
Gate-source and gate-drain spacings of the 

fabricated devices were 1 µm and 3 µm, res- 
pectively. The gate width and length of the 
devices were 100 µm and 1.2 µm, respectively. 
Details on the DFP dimensions are shown in Fig. 1. 
 
3. Device DC and RF Performance 
 The DC I-V characteristics of the fabricated 

devices are shown in Fig. 2. Both devices showed 
good channel pinch-off characteristics up to the 
drain to source voltage (Vds) of 15V at the gate to 
source voltage (Vgs) of -5V. As shown in Fig. 2, 
the maximum drain to source current (Ids,max) is 
661mA/mm for the DFP structure and 660 
mA/mm for the FP structure at Vgs = 1V. The 
measured DC transconductances (gm) are shown 
in Fig. 3. The peak transcoductance (gm,peak) is 
159mS/mm for the DFP structure and 156mS/mm 
for the FP structure at Vds = 3V. From the DC 
measurement results, it is found that the proposed 
DFP structure shows similar DC characteristics  
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   Fig. 2. Measured DC I-V characteristics for the  
DFP and FP HEMTs.  
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   Fig. 3. Measured DC transconductance charac-  

teristics for the DFP and FP HEMTs. 
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Table. 1. Comparison of RF characteristics and small- 
signal parameters for the DFP and FP HEMTs. 

 
compared to the FP structure without any de- 
gradation of  DC performance.    
The small-signal microwave characteristics were 
measured on wafer. The peak fT (maximum curr- 
ent-gain cutoff frequency) and fMAX (maximum 
oscillation frequency) are shown in Table. 1. The 
peak fT and fMAX are 6.4 GHz and 15.3 GHz for 
the DFP structure and 6.8 GHz and 16.8 GHz for 
the FP structure, respectively. From the mea- 
sured results, the peak fT and fMAX of the DFP 
structure are observed to be slightly decreased 
compared to the FP structure. In order to cha- 
racterize the measured results, the small-signal 
equivalent-circuit parameters were extracted from 
the measured S-parameters for the two structures. 
The results are summarized in Table. 1. As shown 
in Table. 1, the gate-source and gate-drain capa- 
citances in the DFP structure are slightly increa- 
sed compared to the FP structure due to the pre- 
sence of the drain-side FP, which result in the 
slightly decreased cutoff frequencies. 
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Fig. 4. Measured breakdown characteristics for the  
DFP and FP HEMTs. 

 
The off-state breakdown characteristics are mea- 
sured and compared in Fig. 4. As shown in Fig. 4, 
the breakdown voltage is improved from 84V for 
the FP structure to 113V for the proposed DFP 
structure, demonstrating 35% improvement of the 
breakdown voltage. This result indicates that the 
proposed DFP structure can significantly improve 
the device breakdown characteristics compared to 
the typical single gate FP structure, which means 
that the proposed DFP structure is very promising 
for high-power operation of the device.  
 
4. Conclusion 
 The DC and RF small-signal performances of 
the proposed DFP HEMT have been measured 
and compared with those of the conventional FP 
HEMT.  
 The measurement results show that the DFP 
structure exhibits similar DC and RF small-signal 
gain characteristics with significantly improved 
breakdown characteristics, when compared to the 
single gate FP structure. These results demon- 
strate that the new DFP structure proposed in this 
work is very attractive for microwave power 
applications. 
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