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Abstract: 200nm gate-length GaAs-based InAlAs/InGaAs MHEMTs are fabricated by MBE epitaxial material and EBL
(electron beam lithography) technology. Ti/Pt/Au is evaporated to form gate metals. A T-shaped gate is produced using a

novel PMMA/PMGI/PMMA trilayer resist structure to decrease parasitic capacitance and parasitic resistance of the gate.

Excellent DC and RF performances are obtained and the transconductance (g,,) ,maximum saturation drain current densi-

ty (Jpss) sthreshold voltage (V1) ,current cut-off frequency (fr),and maximum oscillation frequency (fn..) of InAlAs/
InGaAs MHEMTs are 510mS/mm,605mA/mm, — 1. 8V,110GHz,and 72GHz, respectively.
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1 Introduction

InAlAs/InGaAs
sistors (HEMTs) on InP substrate have shown higher
gain and lower noise at millimeter-wave frequencies
than GaAs-based pseudormorphic HEMTs" % . How-
ever, InP substrate is fragile, not available in large

high electron mobility tran-

scale ,and more expensive,so it is difficult to fabricate
InP-based HEMTs at a high production level. On the
other hand, GaAs substrate is more suitable for large
scale MMIC production. In order to combine the ad-
vantages of GaAs and InP materials, GaAs-based
MHEMTs were grown on semi-insulating GaAs sub-
strates using a composition grading M-buffer.
MHEMTs contain advantages of both InP-based
HEMTs and GaAs substrates. GaAs-based MHEMTs
by MBE material have emerged as an attractive, low
cost alternative to InP-based HEMTs for high per-
formance,low noise,and power applications™ ™% .

In 1988, a 120nm gate-length GaAs-based InAl-
As/InGaAs MHEMT was reported in America for the
first time'” . 35nm T-shaped gate MHEMTs have been
reported already with a f; and f,, of 440 and
520GHz. respectively™ . However, the research in
this field in the mainland China is still in its infancy,
and mostly focuses on optical lithography technology
and not on e-beam lithography;the length was almost
1. Opm, seriously restricting the performance of the
MHEMTs.

In this paper, 200nm gate-length GaAs-based
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MHEMTs are fabricated and excellent DC and RF
performances are achieved. The gnsJpsss Vs fr»and
fmax Of the InAlAs/InGaAs MHEMTSs are 510mS/mm,
605mA/mm, — 1.8V, 110GHz, and 72GHz, respec-
tively. It is helpful to investigate MHEMT devices and
MMICs further.

2 Device fabrication

The structure of the epitaxial materials is shown
in Fig. 1.

The epitaxial wafers grown on semi-insulting
GaAs substrates by MBE technology were provided by
the Institute of Physics, Chinese Academy of Sci-
ences. The structure is composed of a 300nm GaAs
layer,a 1000nm M-buffer with grading composition,
an 18nm InGaAs channel (In composition is 0.6),a
4nm InAlAs spacer, a planar doping layer, an 18nm
InAlAs Schottky barrier layer,and a 20nm n* InGaAs
cap layer.

GaAs MHEMT structure 1
Layer Thickness/nm | Dopant | Concentration
Ing. 53 Gag.47 As 20 Si 5X10%¥cm ¢
Ing. 52 Aly.as As 18
Si delta doped layer Si 4%X10%cm™2
Ing. 52 Alo.ag As 4
Ing. ¢ Gag.4 As 18
InAlAs buffer 1000
i-GaAs 300
GaAs substrate
Fig.1 Structure of the epitaxial materials
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Fig.2 Partial picture of the MHEMT device

Device fabrication started with mesa-isolation for
the MHEMT devices using a conventional wet etching
process. The source and drain electrodes of GaAs-
based MHEMTs were fabricated by conventional
evaporation and lift-off processes and Ohmic contacts
were formed using a new six-layer Ohmic system (Ni/
Ge/Au/Ge/Ni/Au) . For the T-gate process,the novel
tri-layer resist, which consists of polymethylmethacry-
late (PMMA) / Polymethylglutarimide (PMGI) /
polymethylmethacrylate ( PMMA),'Y’ was exposed
first by e-beam lithography (Leica EBML300) with
an opening of 200nm. Citric acid-H,O, solution was
used for the gate recess process. Ti/Pt/Au were evap-
orated to form the gate metal and the metal lines
were Ti/Au. A partial picture of the MHEMT device
is shown in Fig. 2. Figure 3 shows a cross-sectional
SEM photograph of the 200nm gate length T-shaped
MHEMT with a wide head of about 400nm.

3 Results and analysis

DC and RF characterizations were performed
using a probe station and on wafer RF probes from an
Angilent 8510C. Typical transfer characteristics and
DC output of a 0.2 X 100pm MHEMT device are
shown in Fig. 4 and Fig. 5,respectively.

The pinch-off voltage V;is —1.8 V. The device
exhibits excellent I-V characteristics with a slight in-
crease of output conductance at high Vps,despite the
small gate length. This indicates a low short channel
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Fig.3 SEM cross section of a 200nm gate
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Fig.4 Transfer characteristics of the MHEMT
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Fig.5 DC characteristics of the MHEMT

effect. Moreover, good pinch-off characteristics and
the saturation drain current are observed. The satura-
tion drain-to-source current ( Ipg) is about 605mA/
mm and the extrinsic transconductance of the device
at 2V drain-source voltage is 510mS/mm. As shown in
Fig. 6, the measured source to drain off-state break-
down voltage is 2. 4V at a gate voltage of —2.0V.The
high breakdown voltage is due to the lower Ipg target
caused by a longer recess.

The S-parameters for the MHEMT devices were
measured from 0. 1~40GHz,and current gain H and
MAG/MSG,as a function of frequency are shown in
Fig. 7. The small signal equivalent circuit was extrac-
ted at maximum transconductance bias condition, Vi
= —1.0V when V4 = 1.0V.The measured S-parameters
were fitted to a standard lumped element equivalent
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Fig.6 S-D off-state breakdown characteristic of the MHEMT
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Fig.7 REF characteristic of the InAlAs/InGaAs MHEMT

circuit model including CPW transmission lines at the
input and output. To —20dB/10 extrapolation, the
fabricated 0. 2X100pm MHEMT demonstrated a cut-
off frequency of about 110GHz and a maximum fre-
quency of about 72GHz. To our knowledge, this fre-
quency performance is the highest ever reported for
MHEMTs on GaAs substrate in China.

The excellent device performance of the 0.2pm
manufactured MHEMT demonstrates that the T-gate
process is compatible with the MHEMT process and
can be practically used for MHEMT manufacturing.

4 Conclusion

200nm gate-length GaAs-based MHEMTs have
been fabricated by EBL (electron beam lithography)
technology. A T-shaped gate has been used to decrease
the parasitic capacitance and parasitic resistance of

the gate. The device exhibits excellent DC and RF
characteristics. The transconductance (g,,), maximum
saturation drain current density (Jpss) » threshold volt-
age (V1) ,current cut-off frequency (f;),and maxi-
mum oscillation frequency (f,.) of the InAlAs/In-
GaAs MHEMTs were 510mS/mm, 605mA/mm,
—1.8V, 110GHz, and 72GHz, respectively. Conse-
quently,the InAlAs/InGaAs MHEMTs are promising
in millimeter wave devices and integrated circuits.
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