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1. Introduction 

Novel In0.425Al0.575As/InxGa1-xAs metamorphic high 
electron mobility transistors, grown on GaAs substrate 
[1-3] by MBE system, either with a V-shaped symmetri-
cally-graded channel (SGC-MHEMT) or with a pseudo-
morphic In0.65Ga0.35As channel MHEMT (PC-MHEMT) 
have been successfully investigated in this work. Device 
characteristics, including the extrinsic transconductance, 
current driving capability, device linearity, pinch-off prop-
erty, gate-voltage swing, breakdown performance, 
unity-gain cutoff frequency, max. oscillation frequency, 
output power, and power gain, have been comprehensively 
compared and discussed with respect to their respective 
channel designs.. 

 
2. Layer Structure and Device Fabrication 

Layer structure of the proposed δ-doped 
In0.425Al0.575As/InxGa1-xAs SGC-MHEMT, grown on (100) 
S.I. GaAs substrate, consists of a 0.5 µm InxAl1-xAs graded 
(x: 0 to 0.45 upwardly) metamorphic buffer layer, followed 
by a 150 nm thick undoped In0.425Al0.575As barrier layer, a 
20 nm undoped V-shaped symmetrically-graded InxGa1-xAs 
channel (x = 0.5 → 0.65 → 0.5), a 5 nm undoped 
In0.425Al0.575As spacer, a Si δ-doped layer (4 × 1012 cm-2), a 
25 nm undoped In0.425Al0.575As Schottky layer, a 2.5 nm 
undoped InP etch-stopper and finally a 20 nm Si-doped (1 
× 1019 cm-3) In0.5Ga0.5As capper. A 20 nm undoped 
In0.65Ga0.35As pseudomorphic layer was employed, instead, 
as channel for the PC-MHEMT. The inverse step-graded 
buffer design was applied to both structures to provide 
good relaxation from lattice strain within the active layers 
[4]. Standard photolithography, lift-off and rapid thermal 
annealing (RTA) techniques were employed for device 
fabrication. AuGe/Ni/Au alloys were used for source and 
drain ohmic contacts. Au was deposited on the undoped 
InAlAs Schottky layer as the gate electrode. The gate di-
mensions were 0.65 × 200 µm2. 

 
3. Experimental Results and Discussions 
   As in indicated in Fig. 1, both devices demonstrates 
superior pinch-off characteristics due to the use of 
wide-gap In0.425Al0.575As barrier and high resistivity meta-
morphic buffer to greatly suppress the substrate leakages. 

Since lower impact threshold field accompanies with nar-
rower energy-gap as increasing the In composition in 
InxGa1-xAs channel, improved impact ionization effects by 
using the V-shaped symmetrically-graded channel in 
SGC-MHEMT (than PC-MHEMT) can be achieved, re-
sulting in lower output conductance, gd, of 11 (13) mS/mm, 
and higher device gain, Av = gm/gd, of 24.6 (23.2). On the 
other hand, better carrier confinement was obtained due to 
higher conduction band discontinuities by using the In-rich 
In0.65Ga0.35As channel in PC-MHEMT (than SGC- 
MHMET), leading to the improved max. extrinsic trans-
conductance, gm, max, of 315 (271) mS/mm and saturation 
current density, IDSS, 548 (469) mA/mm, as shown in Fig. 2. 
Nevertheless, the gate-voltage swing (GVS), defined at the 
drop of 10% from gm, max, was improved by 30% in 
SGC-MHEMT, due to the V-shaped linearly-graded chan-
nel design. SGC-MHEMT has also demonstrated better 
gate leakages and forward turn-on characteristics than 
PC-MHEMT, as indicated in Fig. 3 and its inset, since 
higher effective energy-gap of InxGa1-xAs channel was de-
signed in SGC-MHEMT. Figure 4 and 5 also characterizes 
the off-state breakdown and on-state gate leakage perform-
ances, respectively, by using the drain-current injection 
technique [5] and by identifying from the observed 
“bell-shaped” behaviors. Figures 6 and 7 compare the cut-
off frequency, fT, of 55.4 (42.8) GHz, the max. oscillation 
frequency, fmax, of 77.5 (50.8) GHz, the saturated output 
power, Pout, of 12.5 (14.7) dBm, and the small-signal power 
gain, GS, of 16.5 (19.2) dB for PC-MHEMT 
(SGC-MHEMT), respectively.  
 
4. Conclusions    

Large scale millimeter-wave integrated circuits 
(MMIC’s) can be realized by employing a metamorphic 
InxAl1-xAs graded buffer on GaAs substrates. With the dis-
tinguished channel designs, the proposed PC-MHEMT and 
SGC-MHEMT are promising for high-frequency circuits 
and high-power with improved linearity circuits applica-
tions, respectively. 
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Fig. 1  Room-temperature I-V characteristics for PC-MHEMT 
and SGC-MHEMT, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2  gm and IDSS characteristics at VDS = 1.75 V. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3  Two-terminal gate-drain breakdown characteristics at 
300K. The inset shows the zoomed-in forward bias characteristics. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4  Off-state breakdown characteristics of SGC-MHEMT, 
whereas the inset is for PC-MHEMT. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5  On-state IG vs. VGS at various drain-source voltages. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6  Microwave characteristics, at VDS = 2 V, for 
PC-MHEMT, , whereas the inset is for SGC-MHEMT. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7  Output power and power gain performances at 5.8 GHz. 
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