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High mobility AlGaN/GaN HEMT was grown on silicon
substrates by MOCVD. Smooth and crack-free wafers
were obtained by implementation of an AlN/AlGaN super-lattice interlayer. We also found that the carrier gases
have a great influence on the surface morphology of the
AlGaN barrier. With a proper ratio of carrier gases, the

AlGaN surface is significantly improved. With other optimized growth conditions, the electron mobility of
HEMT can be as high as 1650 cm2/Vs. HEMT devices
are also fabricatied and the reverse biased gate leakage
current was reduced to 6.5 μA/mm at Vgs = -35 V.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction
AlGaN/GaN high electron mobility transistors
(HEMTs) on silicon (Si) are promising power devices due
to the low cost, and availability of large diameter Si substrates compared with sapphire and silicon carbide. However, the large lattice and thermal mismatch between IIInitride and Si results in cracks and defects in the epitaxial
layer. Many methods have been utilized to solve these difficulties, such as low-temperature AlN inter-layers [1],
multiple AlGaN transition layer [2] as well as AlN/AlGaN
stacked inter-layer [3]. These inter-layers or transition layers can provide compressive stress on the GaN and compensate thermal mismatch induced tensile stress. As a result, the cracks density is greatly reduced or crack-free material can be achieved.
Much work has been devoted to improve the performance of HEMTs grown on Si to widen its applications.
Many techniques developed in the past for HEMTs on sapphire and SiC may be applied to HEMT growth on silicon
too. In the HEMT structure, the AlGaN barrier is one of
the critical layers. It has been shown that the AlGaN surface morphology has a great influence on both the electron
mobility [4] and gate leakage current of device [5] on sapphire. For the normal AlGaN layer with Al composition
around 30%, researchers had found that the ammonia flow,
or V/III ratio, influences the surface morphology greatly

[4]. Higher ammonia flow usually results in rougher AlGaN surfaces. There are also line-shaped defects on the
AlGaN surface and these defects can induce high reverse
gate leakage current in device [5].
For HEMT structures grown on silicon, the surface defects and their influence on devices have been studied in
detail [6, 7], however, little attention was paid to the
growth parameters which influence surface morphology. In
this work, we have investigated the growth conditions that
influence the surface morphology of AlGaN from both
macroscopic and microscopic scales. We used an
AlN/GaN super-lattice interlayer to compensate thermal
mismatch induced tensile stress. Crack-free GaN film with
smooth surface was obtained. We also found that the carrier gases have great influence on the surface morphology
of AlGaN. After optimization the carrier gas ratio between
N2 and H2, a smooth, line-shaped-defects free surface was
realized. A high Hall mobility was measured in this HEMT
structure and the reverse gate leakage was reduced in the
fabricated devices.
2 Experimental
The AlGaN/GaN HEMT structure was grown on 2inch Si substrates in an AIXTRON2000HT MOCVD system. Trimethylgallium(TMGa), trimethylaluminum(TMAl),
trimethylindim (TMIn) and ammonia (NH3) were used as
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the Ga, Al, In and N precursors, respectively. Biscyclopentadienyl magnesium (Cp2Mg) and silane (SiH4) were used
as the p- and n-type doping sources. Prior to growth, the
substrates were heated up to 1140 °C for 10 min under a
H2 ambience to remove the native oxide on the surfaces.
Then a 40 nm AlN nucleation layer was grown, followed
by a SiN partial mask. After growth of 800 nm undoped
GaN on the SiN mask, eight periods of AlN(6nm)/
Al0.19Ga0.81N(26nm) or AlN(6nm)/GaN(28nm) superlattice interlayer with a total thickness of 300nm was
grown at 1130 °C to prevent the formation of cracks. Subsequently, a continuous 1 μm GaN buffer layer was grown
at 1160 °C on the interlayer with the first 125 nm doped
with magnesium. Finally 20 nm Al0.3Ga0.7N modulateddoped barrier layer was grown on top of the continuous 1
μm GaN buffer layer. The whole structure of AlGaN/GaN
HEMT on Si (111) substrate is shown in Fig. 1. During the
growth of the AlGaN barrier layer, a mixture of H2 and N2
was used as carrier gases. Three samples were grown with
different interlayer or H2/N2 ratio. The detail information is
given in Table 1.
After growth, Normarski interference optical microscopy and atomic force microscopy (AFM) were used to investigate the surface morphology from both macroscopic
and microscopic scales. The two dimensional electron gas
(2DEG) density and mobility of the AlGaN/GaN sample
were characterized at room temperature (RT) by van der
Pauw Hall measurements. HEMT devices were also fabricated using materials with different surface morphology.
Ti/Al/Ni/Au multi-layer metals were used as source and
drain ohmic contacts. Ni/Au was used as gate metal for
Schottky contact.

5 μm × 5 μm scanned area. The line-shaped defects also
disappeared. It is believed that the diffusion length of Al is
longer in N2 atmosphere, so the AlGaN surface becomes
smoother. Yamaguchi also found that the AlGaN/GaN
quantum wells grown on sapphire have better quality when
they were grown in N2 compared with H2 [8].
Table 1 Summary of the HEMT structure, growth conditions.
Sample
No.

Interlayer
structure

N2 % in
AlGaN growth

A
B
C

AlN(6nm)/Al0.19Ga0.81N(26nm)
AlN(6nm)/Al0.19Ga0.81N(26nm)
AlN(6nm)/GaN(28nm)

7%
33%
33%

Table 2 Material characterization of samples A, B, and C.
Sample
No.
A
B
C

RMS roughness Mobility Sheet carrier concen13
-2
on 5 μm×5 μm
(cm2/V s) tration(10 cm )
1 nm
0.7 nm
0.61 nm

1250
1460
1650

-1.97
-1.5
-1.53

Figure 2 Surface morphology of sample A, B, and C under
Nomarski interference optical microscopy,
AlN nucleation 40nm

Figure 1 Structure of AlGaN/GaN HEMT on Si (111) substrate.

3 Results and discussion
The AlN/AlGaN interlayer can provide sufficient
compressive stress so that the whole wafer is crack-free.
However, the wafer surface is very rough both in macroscopic and microscopic scale, which can be seen in Figs. 2
and 3 for sample A. Moreover, there are also many lineshaped defects on the AFM image of sample A. During the
growth of AlGaN in sample B, the ratio of N2 in the carrier
gas was increased from 7% to 33%. The surface morphology was greatly improved and the root-mean-square
(RMS) roughness was reduced from 1 nm to 0.7 nm in a
© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Even though the surface appears to be very smooth
in the microscopic scale, the samples with AlN(6nm)/
Al0.19Ga0.81N(26nm) superlattice interlayer look very
rough under Nomarski optical microscopy. Next the
AlN(6nm)/Al0.19Ga0.81N(26nm) superlattice interlayer was
replaced by a AlN(6nm)/GaN(28nm) layer in sample C.
Compared with Al atoms, Ga atoms have longer diffusion
length and smooth GaN can be grown on AlN in the interlayer. As a result, HEMT with this interlayer shows very
smooth surface under Nomarski microscopy and the RMS
roughness is further reduced to 0.61 nm in a 5 μm × 5 μm
scanned area. The electron mobility was also greatly increased from 1250 cm2/Vs to 1650 cm2/Vs. To our knowledge, this is comparable to the best reported mobility result
for HEMTs grown on Si [9].
www.pss-c.com
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Figure 4 Forward and reverse gate current of sample A and C.

Figure 3 AFM images of sample A, B, and C. The scan area is
5 μm × 5 μm and the vertical scale is 8 nm for all samples.

HEMT devices were also fabricated used sample A and
sample C. The DC output and transfer characteristics with
device dimensions of Lg/Wg/Lgs/Lgd =2/10/1/1 μm were
measured. Both of the devices have the same transconductance of 245 mS/mm. Both of the forward and reverse gate
current of sample A and C are shown in Fig. 4. The reverse
gate leakage current of sample C is much smaller in the
whole measured range. At a gate bias of -35 V, the reverse
gate leakage current is as low as 6.5 μA/mm for the device
fabricated on sample C, while it is 26 μA/mm for the device fabricated on sample A, which may be due to the lineshaped defects on the AlGaN surface. These defects were
reported to cause large gate leakage current for AlGaN/GaN HEMT grown on sapphire substrate [5]. Similar
effects are observed here for HEMTs grown on Si.
Table 3 DC output and transfer characteristics of sample A and
C.
Sample
No.

Gm
I dss@Vds = 6 V,
(mS/mm) Vgs = 2 V (mA/mm)

A
C

www.pss-c.com

245
245

846
943

Igs@Vgs = -35 V
(μA/mm)
26
6.5

4 Conclusion
Through the Combination of AlN/GaN super-lattice interlayer and proper N2/H2 ratio, the AlGaN/GaN HEMT
has a smooth surface and the electron mobility was also
greatly increased from 1250 cm2/Vs to 1650 cm2/Vs moreover, the device shows a small reverse biased gate leakage
current of 6.5 μA/mm.
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