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1. Introduction 
   It is known that, high electron mobility transistors 
(HEMTs) exhibit excellent DC and microwave 
performances. Also, doped-channel FETs (DCFETs) 
exhibit good transistor performances without the drawback 
of parallel conduction as found in HEMTs [1]. However, 
the device characteristics of DCFETs and HEMTs are 
affected seriously by the quality of metal-semiconductor 
(MS) Schottky contact. Thus, camel-gate FETs 
(CAMFETs) are reported to overcome this disadvantage [2]. 
In this work, a new HFET with an 
n+-InGaP/p+-InGaP/GaAs camel-gate and InGaAs/GaAs 
composite channel structure has been fabricated and 
demonstrated. The employed n+-InGaP/p+-InGaP/n-GaAs 
camel-gate provides a larger barrier height. In addition, 
composite channels, i.e., the use of n-InGaAs channel to 
improve the carrier transport properties and n-GaAs 
channel to increase the operation capability under higher 
electric field, are employed in the studied device. Therefore, 
good DC and microwave properties and higher temperature 
operation capability are simultaneously obtained. 
 
2. Experimental 
   The epitaxial structure of the studied device was grown 
on a (100) oriented semi-insulating (S.I.) GaAs substrate by 
a metal-organic chemical vapor deposition (MOCVD) 
system. The schematic layers structure is illustrated in Fig. 
1. The layers structure consisted of a 0.3µm GaAs buffer, a 
500Å In0.49Ga0.51P buffer, a 500Å GaAs channel (n=5 × 
1017 cm-3), a 200Å In0.1Ga0.9As channel (n=2.5 × 1017 cm-3), 
a 1000Å GaAs  (n=1 × 1017 cm-3), a 300Å In0.49Ga0.51P 
(p+=3 × 1018 cm-3), and a 300-Å In0.49Ga0.51P (n+=3 × 1018 
cm-3) layer. For device fabrication, drain-source Ohmic 
contacts were formed on the n-GaAs layer by alloying 
evaporated AuGeNi/Au metals at 400 oC for 30s. The wet 
chemical etching process was used for device isolation. 
Finally, the gate contacts were achieved by evaporating 
AuGeNi/Au metals on n+-InGaP cap layer with the gate 
dimension of 1×100 µm2. 
 
3. Results and Discussion 

As shown in Fig. 1, the n+-InGaP/p+-InGaP/n-GaAs 
structure and n-GaAs/n-InGaAs/n-GaAs structures form the 
camel-like barrier gate and heterostructure channel, 
respectively. The corresponding conduction-band diagram 

is also illustrated in Fig. 1. Due to the presented 
conduction-band discontinuity (ΔEC) and valance-band 
discontinuity (ΔEV) at the InGaP/GaAs heterointerface, the 
n+-InGaP/p+-InGaP/n-GaAs camel-gate provides a larger 
barrier height which improves the carrier confinement as 
compared with the n+-GaAs/p+-GaAs/n-GaAs 
homo-junction camel diode [3]. In addition, the 
GaAs/InGaAs/GaAs composite channel layers can 
substantially improve carrier transport properties and 
device performances. The upper In0.49Ga0.51P layer provides 
the higher barrier camel-gate structure and the lower 
In0.49Ga0.51P layer can suppress the leakage current through 
the substrate leakage path. Also, the wide-gap In0.49Ga0.51P 
material takes advantages of low DX centers and low 
reactivity with oxygen as compared to AlGaAs material.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The device structure and the corresponding 
conduction-band diagram of the studied device. 
 

   The typical gate-drain current-voltage (I-V) 
characteristics of the studied device at 300 to 420K are 
shown in Fig. 2. The forward turn-on voltage Von and 
reverse gate leakage current IG at VGD=-10 V as a function 
of temperature are revealed in the upper inset of Fig. 2. The 
lower inset of Fig. 2 shows the temperature dependence of 
breakdown voltage VBD. Based on the good properties of 
InGaP-based camel-gate, a small degradation rate in Von of 
–0.5 mV/K is found with increasing the temperature. The 
gate leakage current and breakdown voltage are increased 
and decreased with increasing the temperature, respectively. 
In the studied device, the high-barrier 
n+-InGaP/p+-InGaP/n-GaAs camel diode is used to prevent 
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Fig. 2 The gate-drain I-V characteristics. The upper inset 
shows the Von and IG at VGD= -10 V as a function of 
temperature. The lower inset shows the temperature 
dependence of breakdown voltage VBD. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3 The common-source output I-V characteristics of 
the studied device at different temperature. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 The IDS and gm versus VGS at different 
temperature. 

 
carriers tunneling toward gate electrode. Thus, even at high 
temperature, the device also reveals the relatively low 
leakage behaviors. 
   The typical common-source output I-V characteristics 
of the studied device are shown in Fig. 3. Obviously, the 
degraded pinch-off and saturation characteristics associated 
with poor carrier confinement caused by the increase of 
temperature are not observed in the studied device. Figure 4 
illustrates the drain saturation current ID and 
transconductance gm versus gate-source voltage VGS. The 

maximum transconductance gm,max are 111.5 and 101.2 
mS/mm at 300 and 420K, respectively. In addition, the 
maximum drain saturation current ID,max of 318.7 and 307.0 
mA/mm are found at 300 and 420K, respectively. The ID,max 
value at 420K still maintains 96% of its value at 300K. This 
is certainly suitable for high-temperature applications. 
   The microwave performances of the studied device are 
shown in Fig. 5. The unity current gain cut-off frequency fT 
and maximum oscillation frequency fmax values of 16.2 and 
24.2 GHz are observed. The inset of Fig. 5 shows the fT and 
fmax versus gate-source voltage. Clearly, a wide gate voltage 
operation regime over 3V with good microwave 
performances is obtained.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 The device structure and the corresponding 
conduction-band diagram of the studied device. 

 
4. Conclusion 

In summary, an interesting CAMFET with the 
n+-InGaP/p+-InGaAs/GaAs camel-gate and GaAs/InGaAs 
composite channel structure is fabricated and demonstrated. 
The temperature dependent characteristics are also studied. 
Experimentally, this studied device shows good DC and RF 
characteristics including lower leakage current, higher 
breakdown voltage, transconductance, voltage gain, fT, and 
fmax, etc.. Furthermore, the relatively negligibly 
temperature-dependent performances over wide 
temperature range of 300K<T<420K are observed. 
Consequentially, the studied device provides the promise 
for high-temperature and high-performance microwave 
electronic applications. 
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