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Abstract: 1.0pm gate-length GaAs-based MHEMTs have been fabricated by MBE epitaxial material and contact-mode
lithography technology. Pt/Ti/Pt/Au and Ti/Pt/Au were evaporated to form gate metals. Excellent DC and RF perform-

ances have been obtained.and the transconductance, maximum saturation drain current density, threshold voltage,current
cut-off frequency,and maximum oscillation frequency of Pt/Ti/Pt/Au and Ti/Pt/Au MHEMTs were 502 (503) mS/mm,
382(530)mA/mm,0.1( - 0.5)V,13.4(14. 8)GHz,and 17. 0(17. 5) GHz, respectively. DC-10GHz single-pole double-throw
(SPDT) switch MMICs have been designed and fabricated by Ti/Pt/Au MHEMTs. Insertion loss.isolation,input.and out-
put return losses of SPDT chips were better than 2. 93,23. 34,and 20dB.
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1 Introduction

Lattice matched InP-based HEMTs have per-
formance advantages over GaAs-based PHEMTs due
to their high electron velocity and 2-DEG density"".
However,InP substrates are brittle,small,and expen-
sive,and it is difficult to fabricate InP-based HEMTs
at a high production level. GaAs-based MHEMTs
were grown on semi-insulating GaAs substrates using
a grading In content metamorphic buffer (M-buffer).
MHEMTs have advantages of both InP-based HEMTs
and GaAs substrates. Recently, 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™* /.

1. 0pm gate-length GaAs-based MHEMTs have
been fabricated and excellent DC and RF perform-
ances have been achieved. Pt/Ti/Pt/Au and Ti/Pt/Au
were evaporated to form both gate metals. G, s Jpss»
Vis frs and fuo. of Pt/Ti/Pt/Au and Ti/Pt/Au
MHEMTs are 502 (503) mS/mm, 382 (530) mA/mm,
0.1(-0.5V,13.4(14. 8) GHz,and 17. 0(17. 5) GHz,
respectively. In addition, DC-10GHz SPDT switch
MMICs have been designed and fabricated by Ti/Pt/
Au MHEMTs. Insertion loss,isolation,and return loss
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of SPDT switches were better than 2. 93, 23. 34, and
20dB. This is very helpful for the further investigation
of MHEMT devices and MMICs.

2 Device fabrication

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 In composition grading M-buffer, an
18nm InGaAs channel (In composition is 0. 6) ;a 4nm
InAlAs spacer,a planar doping layer,an 18nm InAlAs
Schottcky barrier layer,and a 20nm n” InGaAs cap
layer.

The source and drain eclectrodes of GaAs-based
MHEMTs were fabricated by conventional evapora-
tion and lift-off processes. After annealing, a typical
ratio ohmic contact resistance of 4 X107 "Q « cm® was
obtained. Mesa-isolation was completed by wet-
etching. Contact-mode lithography technology was
used to obtain a 1. Oum gate pattern. Citric acid-H, O,
solution was used for the gate recess process. Pt/Ti/
Pt/Au and Ti/Pt/Au were ecvaporated to form the
gate metal, respectively. The first and second metal
lines were Ti/Au. The picture of the MHEMT device
is shown in Fig. 1.
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Fig.1 1.0pm gate-length MHEMT device

3 Results and analysis

Both MHEMT devices exhibit excellent DC and
RF performances. The results of the Pt/Ti/Pt/Au
MHEMT (1. 0pm gate length,30pm gate width) are
shown in Fig. 2. Vi, gusJoss» froand fr., are 0.1V,
502mS/mm ( Vps = 1V, Vg = 0.35V), 382mA/mm,
13. 4GHz,and 17. 0GHz, respectively. The results of
the Ti/Pt/Au MHEMT (1.0um gate length, 20pum
gate width) are shown in Fig. 3. V1, gun»Jpss» fr,and
fmax are —0.5V, 503mS/mm (Vs =1V, Vg = —0.2V),
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530mA/mm,14. 8GHz ,and 17. 5GHz.respectively.

Because Pt-based buried-gate metals were cho-
sen,during the process of annealing, Pt-InAlAs reac-
tion occured and Pt sunk into the InAlAs layer to re-
duce the distance between gate and channel, and the
V: of the Pt/Ti/Pt/Au MHEMT increased positively
while the V; of the Ti/Pt/Au MHEMT remained neg-
ative. Due to different characteristics of Pt/Ti/Pt/Au
and Ti/Pt/Au during annealing, positive and negative
threshold voltages have been achieved,respectively.

Nine-stage ring oscillators have been designed
and fabricated by 1.0pm gate-length Pt/Ti/Pt/Au
and Ti/Pt/Au MHEMTs. Oscillators contain nine-
stage DCFL inverters and a three-stage DCFL invert-
er output buffer. When the supply voltage is 1. 2V, the
oscillation frequency is 777. 6MHz,and the gate delay
time is 71. 4ps. The testing results of the ring oscilla-
tors are shown in Fig. 4.

DC-10GHz SPDT switch MMICs have been de-
signed and fabricated by Ti/Pt/Au MHEMTs. The to-
pology of the SPDT switch was a series-shunt struc-
ture,containing 6 MHEMTs (1. 0pm gate length,4 X
50pm gate width), and the chip size is 1. O0mm X
1. Omm. The results of SPDT switches on-wafer tes-
ting are shown in Fig. 5. Insertion loss, isolation, in-
put, and output return losses are better than 2.93,
23.34,and 20dB.
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Fig.2 DC and RF characteristics of Pt/Ti/Pt/Au MHEMT
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Insertion loss,isolation,and return loss of SPDT switches
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4 Conclusion

1. Opm gate-length GaAs-based MHEMT devices,
nine-stage ring oscillator and DC-10GHz SPDT switch
MMICs have been designed and fabricated by MBE
epitaxial material and contact-mode photolithography

and circuits,as well as processing conditions.
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