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Abstract: Lattice-matched Iny 53 Gay 47 As/Ing 52 Aly 45 As high electron mobility transistors (HEMTs) with a cutoff
frequency (fr) as high as 218 GHz are reported. This fr is the highest value ever reported for HEMTs in China.
These devices also demonstrate excellent DC characteristics: the extrinsic transconductance is 980mS/mm and the
maximum current density is 870mA/mm. The material structure and all the device fabrication technology in this

work were developed by our group.
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1 Introduction

High performance devices that operate in the
millimeter-wave (30~300GHz) and sub-millime-
ter-wave (300GHz~3THz) frequency ranges will
be major elements in future communication sys-
tems. InP-based InGaAs/InAlAs high electron
mobility transistors (HEMTs) are one of the most
promising candidates because of their superior
high frequency and low noise performances* .
These high performances are attributed to high
electron mobility, high saturation velocity, and
high sheet carrier density obtained in this material
system™>" .

In our previous work, we fabricated lattice-
matched Ing 53 Gay 47 As/Ing 55 Aly 4s As HEMTs with
a 120GHz cutoff frequency (f;)"*.In this work,
after simulation and optimization on material
structure and device fabrication technology, we
develop lattice-matched Iny ss Gag 4z As/Ing 5, Aly ys-
As HEMTs with an f; of 218GHz. This f; is the

highest value ever reported for HEMTs in China.

2 Material structure

The lattice-matched HEMT epitaxial layers
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used in this work were grown on a semi-insulating
(100) InP substrate by molecular beam epitaxy
(MBE) . Before the growth of epitaxial layers,be-
haviors of the device with different material
structures were simulated using the hydrodynamic
model (HD) and the density gradient model
(DG,

The layer’s structure,shown in Table 1 from
the bottom up, consist of a 300nm-thick Ing s;-
Al 43 As buffer,a 15nm-thick In, 53 Ga, 47 As chan-
nel,a 3nm-thick Ing s Aly 45 As spacer,a Si-3-doped
sheet (5 X 10”% cm ?),a 8nm-thick Ings, Aly s As
barrier,a 4nm-thick InP etch-stopper layer,and a
30nm-thick Si-doped Ing 53 Gag 4 As cap (1 X 10"
cm™?) layer. All the layers are lattice-matched to
the InP substrate. Hall measurements on this
structure show a two-dimensional electron gas

Table 1 Lattice-matched HEMT epitaxial layer structure
Layer Thi;kness Dopant Concentration
/nm
Ing. 53 Gag.a7 As Cap 30 Si 1X10%cm™3
InP Etch-stopper 4
Ing.52 Alo.ag As Barrier 8
Si-¢-doped layer Si 5X10%cm 2
Ing. 52 Alg .43 As Spacer 3
Ing.53Gag.47 As Channel 15
Ing.s52 Alo.4s As Buffer 300

SI InP substrate (100)
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Fig.1 SEM photo of T-shaped pattern after develop-
ment

(2DEG) sheet density of 3.32 X 10 cm™® and a
mobility of 9300cm®/(V « s) at room tempera-
ture. The epitaxial layers were designed by us and
grown by MBE technology in Singapore.

3 Fabrication process

First, source and drain ohmic contacts were
formed using alloyed Ni/Ge/Au/Ge/Ni/Au. A
long timeframe. low temperature alloy method,
which was studied in our previous work, was used
to prevent degradation of the eptaxial structure
and achieve low contact resistance' . The spacing
between source and drain eclectrode pads was
2pm. The contact resistance, measured by the
transmission line model (TLM) method, was typi-
cally 0.1Q « mm. Then the mesa isolation was
formed by wet chemical etching using H,;PO,/
H.O,/H,0O solution and Ti/Au connecting wire
metal was evaporated by an electronic beam evap-
oration system.

The gate formation process was similar to
that used in our previous works™ . A trilayer EB
resist (PMMA/PMGI/PMMA) was first spun on-
to the substrate. A single alignment, EB exposure
and a scries of development steps was then carried
out to form a recess above the InGaAs cap layer.
The SEM photo of T-shaped pattern after devel-
opment is shown in Fig. 1. The gate-recess etching
was performed by wet chemical etching using an
aqueous mixture of citric acid (CsHsO;) and hy-
drogen peroxide (H,O;) ;whose etching selectivity
of InGaAs over InP is about 160"’ . Finally,a Ti/
Pt/Au gate metal was evaporated and lifted off.
Figure 2 is the photograph of the device we ob-
tained, with a gate length of 0.15ym and a gate

Fig.2 Partial photograph of an InP HEMT

width of 2X50um.

4 Device performance

Figure 3 shows the typical current-voltage (I-
V) characteristics of the HEMTs. The gate-source
voltage (V) is increased from — 2.0 to OV in
0.4V steps,and the device is well pinched off. The
maximum current density at V, =0V is 870mA/
mm. Figure 4 shows the transfer characteristics
and transconductance characteristics of the
HEMTs. The threshold voltage is —1.65V,and a
maximum transconductance (g,) of 980mS/mm is
achieved. Off-state gate-drain breakdown voltage
defined at a gate-drain current of 1. 0mA/mm is
— 1. 7V. The on-state drain to source breakdown
voltage,i.e. V, =0V,is 1.8 V.

S-parameter measurements were carried out
in the frequency range from 0. 1 to 20. 1GHz using
a vector network analyzer (HP8510C) in on-wa-
fer  configuration and the
results are shown in Fig. 5. S-parameters for open

measurement
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Fig.3  Current-voltage (I-V) characteristics of the
InP HEMT
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Fig.4 Transfer and transconductance characteristics 0 . .
of the InP HEMT when V4 =1.5V 1 10 100 1000
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pad on the same wafer were also measured to cali- Fig. 6  Frequency dependency of current gain

brate the parasitic capacitance components related
to the pad metals. Figure 6 shows the frequency
dependence of current gain (|ry/*) and maximum
available power gain/stable power gain (MAG/
MSG) of the HEMTs with a drain-source voltage
(V4 of 1.5V and a gate-source voltage (V) of
—1.2V.We obtained an f; of 218GHz and an f .
of 171GHz by extrapolating |h,|? and MAG/MSG
with a —20dB/decade slope.

5 Summary

We have successfully developed lattice-
matched Ing 53 Gay 4 As/Ing 5 Aly s As HEMTs with
218GHz f;,which is the highest value for HEMTs
in China. The device also exhibited excellent DC
characteristics:the extrinsic transconductance is

£(100.0MHz to 20.10GHz)

Fig.5 S-parameter of the InP HEMT bias at Vg =
1.5V, V, = -1.2V in a frequency range from 0.1 to
20.1GHz

(| hs |*) and maximum available power gain/stable
power gain (MAG/MSG) of the InP HEMT biased at
Vi=1.5Vand V,=-1.2V

980mS/mm and the maximum current density is
870mA/mm. The material structure and all the de-
vice fabrication technology in this work were de-
veloped by our group.
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