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Abstract  
We present In0.53Ga0.47As-channel metal-oxide-semiconductor high electron mobility transistors (MOS-HEMTs) on Si 
substrates grown by metalorganic chemical vapor deposition (MOCVD) for the first time. Atomic-layer-deposited 
(ALD) Al2O3 was used as gate dielectric. A low-temperature process was developed to achieve good ohmic contact and 
maintain material integrity. A 1-μm gate-length device shows a maximum drain current of 415 mA/mm and extrinsic 
transconductance of 329 mS/mm. The gate leakage current is 7.3 nA/mm at gate bias of -3V, which is six orders of 
magnitude lower than that of the conventional HEMT using the same heterostructure.  
 

1.  Introduction 
As scaling technologies are being stretched harder and 

harder in the roadmap of Si based CMOS, novel device           
architectures and new materials are being intensively     
explored [1-8]. InGaAs channel metamorphic high electron 
mobility transistor (mHEMT) is a promising candidate for 
high-speed low power logic application due to its excellent 
driving current performance at low voltages [9]. However, 
conventional HEMT devices with schottky-contact gates 
suffer from a large gate leakage current that is undesirable 
for the requirement of high on/off ratio for logic             
applications. To alleviate this problem, a high-k dielectric      
compatible with the InGaAs is necessary. In the quest for 
high-quality insulators with low interface state density on 
III-V materials in the past 40 years, recently significant 
progress has been made using ex situ ALD-Al2O3, HfO2, 
ZrO2 and in situ molecule-beam-epitaxial (MBE) 
Ga2O3(Gd2O3) [10-13]. MOS-HEMTs not only reduce the 
gate leakage dramatically, but also have high channel    
mobility in the 2DEG.  

As Si is the most common platform in the IC industry, 
it is more desirable to integrate the III -V MOS devices 
with Si technology. On the other hand, it is well known 
that III-V MOSFETs usually have low thermal tolerance 
in the device fabrication process. Degradation of the 
interface between the gate oxide and III-V materials after 
high-temperature process has been observed due to the As 
out-gasing from InGaAs and the inter-diffusion between 
Al2O3 and  InGaAs [3,14]. For the III-V epitaxial layers 
grown on Si substrate, the large mismatch in thermal ex-
pansion coefficient also requires a low thermal processing.  

In this paper, In0.53Ga0.47As-channel MOS-HEMTs 
grown on Si substrates by MOCVD were demonstrated for 
the first time. ALD-Al2O3 was employed to lower the gate 
leakage. A low temperature process has been developed to 
achieve low contact resistance as well as maintain material 
integrity. Good DC and RF characteristics are reported. 

2. Device Structure and Fabrication 
Fig.1 shows the schematic of the MOS-HEMT on Si 

substrate. The epitaxial layer structure was based on the 
metamorphic In0.53Ga0.47As/In0.51Al0.49As heterojunction 
layers lattice-matched to InP. A 110-nm GaAs buffer, a 
760-nm InP buffer, a 300-nm In0.51Al0.49As buffer, a 18-nm 
undoped In0.53Ga0.47As channel, a 5-nm In0.51Al0.49As 
spacer, a 25-nm In0.51Al0.49As barrier layer, and a 15-nm 
Si-doped 5×1018cm-3 In0.53Ga0.47As cap layer were 
sequentially grown by MOCVD on 4-inch Si substrates. A 
silicon δ-doping layer with doping density of 4×1012cm-2 
was placed above the channel.  
 
 
 
 
 
 
 
 
 
 

 
Fig.1. schematic of InGaAs MOS-HEMT on Si substrate 

 
The fabrication process flow is illustrated in Fig.2. 

Firstly, mesa isolation was formed by wet chemical 
etching down to the low-temperature grown InAlAs 
buffer after surface cleaning. Then succinic acid/hydrogen 
peroxide solution was used to realize the gate recess. 
15nm Al2O3 was deposited by ALD at 300˚C immediately 
after surface pretreatment in 10% HCl for 3min. After the 
removal of Al2O3 in the source/drain regions by buffered-
oxide-etch (BOE), ohmic contacts were achieved by 
electron beam evaporation  of a six-layer metal of Ni 
(40Å)/Ge(40Å)/Au(660Å)/Ge(80Å)/Ni(30Å)/Au(2500Å) 
and patterned by lift off process, followed by annealing at 
280˚C for 10min by rapid thermal annealing (RTA) in N2 
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ambient. Finally the gate was made by the evaporation of 
Ti(200Å)/Au (2000Å) and lift off. 
 

Fig.2.  Fabrication process flow for MOS-HEMT 

3.  Results and Discussion 
Fig.3 shows the output characteristic of the InGaAs 

MOS-HEMT on Si substrate with a gate bias from -1 to 
1.4 V in steps of +0.4 V. For a typical 1um-gate length 
device, the maximum drain current (Idss) was measured as 
415 mA/mm at Vgs = 1.4 V and Vds = 2 V. The on 
resistance was calculated to be 1578 Ω·μm from the Ids-
Vds curve. Fig.4 shows the transfer characteristics at a 
drain bias of 1.5 V. A maximum extrinsic 
transconductance (Gmax) of 329 mS/mm was achieved at 
Vgs = -0.1V. The gate leakage current characteristics of 
MOSHEMT and mHEMT using the same heterostructure 
are shown in Fig.5. The gate leakage current of MOS-
HEMT was 7.3nA/mm at a gate bias of -3V, which was 
six orders of magnitude lower than that of the 
conventional mHEMT.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Ids-Vds characteristics of  InGaAs MOS-HEMT. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Transfer characteristics of  MOS-HEMT on Si. 

After ohmic contact annealing at 280˚C for 10 min in N2 
ambient by RTA, a low contact resistance of 0.13 Ω-mm 
and a sheet resistance of 224 Ω/sq were obtained from the 
transmission line measurement (TLM). Fig.6 shows the 
RF characteristics with a cut-off frequency of 18.6 GHz 
and a maximum oscillation frequency of 32.8 GHz. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Gate leakage current of MOS-HEMT and mHEMT 
on Si substrate using the same heterostructure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. RF characteristics of 1-μm MOS-HEMT on Si 
 

We attribute the good DC and RF performance to the 
following three main aspects. The first factor is the high-
quality epitaxial layers grown on Si substrate by MOCVD 
[15], as evidented by the high electron mobility and low 
sheet resistance from Hall measurement. The second 
factor is the unpinned Fermi level realized by ALD, 
which could be observed from the X-Ray photoelectron 
spectroscopy (XPS) analysis shown in Fig.7 and 
capacitance-voltage (C-V) response shown in Fig.8. Fig.7 
illustrates the As-3d and As-2p XPS spectra for InGaAs 
surface before and after the ALD process. The AsOx    
nearly vanishes due to the self-cleaning effect of the ALD 
[16]. The lack of high-quality, thermodynamically stable 
gate dielectric on GaAs or III-V materials remains the 
main obstacle to realize III-V MOSFET. The 
understanding of the interface physics and chemistry of 
the III-V’s is still quite limited, though enormous research 
efforts have been invested in this field. A consensus has 

� Mesa isolation by wet etching  
� Gate recess by succinic acid/hydrogen peroxide  
� Surface pretreatment with 10% HCl for 3min 
� Gate oxide of Al2O3 deposited by ALD  
� Ohmic contacts metallization and lift off 
� Ohmic annealing  at 280˚C for 10min by RTA 
� Gate metallization and lift off 
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been emerged that a significant amount of As2O3, As2O5 
and elemental As present in native oxides pin the Fermi 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig.7. As-3d and As-2p XPS spectra for InGaAs surface. 
Red line: XPS of InGaAs surface just after HCl pretreat- 
ment but without ALD process. Black line: InGaAs and 
Al2O3 interface after ALD process. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Multi-frequency CV curve for Al2O3-InAlAs capa-
citor measured at several frequencies 
 
level of GaAs and they are not favorable for an ideal gate 
dielectric [17]. Fig.8 exhibits the multi-frequency C-V 
response of the MOS-HEMT on Si, which further 
indicates that the Fermi Level is unpinned. However, a 
large frequency dispersion in the accumulation region was 
observed from the CV curve, which shows that the 
interface quality still needs further optimization. The third 
factor is the low-temperature process which achieves low 
contact resistance without degrading the interface 
between oxide and III-V materials. 

4.  Conclusion 
We have demonstrated In0.53Ga0.47As/In0.51Al0.49As 

MOS-HEMTs grown on Si substrates by MOCVD for the 
first time. A maximum drain current of 415 mA/mm and 
extrinsic transconductance of 329 mS/mm were achieved. 
The preliminary DC and RF results show the potential of 
III-V MOSFETs built on Si substrates for future high-
speed and low-power logic applications. On the other 
hand, to further improve the device performance, the 

interface quality and the device structures still need 
further optimization. 
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