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ABSTRACT
A mesa isolation process of AlSb/InAs HEMT has been
developed by using inductively coupled plasma etching.
The etch rate is well controlled and the resulting mesa
floor demonstrates a significant improvement in
smoothness as compared to a wet-etched floor. Devices
fabricated by this technique show a revolutionary RF
performance of fT =220 GHz and fmax = 275 GHz at 170
mW/mm for a 0.1-µm gate.

Introduction
The InAs-channel HEMT has the potential to
enable low-noise, low-power, and high-speed circuits
utilizing superior electron mobility and velocity in
InAs compared to those of the InGaAs-channel
HEMT. As shown in Table 1, key electronic material
properties of InAs are superior to those of InGaAs
and GaAs. Unfortunately, there is no lattice-matched
6.1 Å semi-insulating substrate. Metamorphic growth
on GaAs substrates using the AlxGa1-xSbyAs1-y/InAs
material system has proven to be a viable alternative
for state of the art AlSb/InAs HEMTs [1-2]. This
buffer layer effectively buries the dislocations.
However, many of these AlSb/InAs HEMTs had
employed a relaxed AlSb buffer that is highly
reactive in air. Thus, outside the active device
region, this AlSb buffer needed to be etched away by
deep mesa etching.
However, the non-planar
topology after deep mesa etching makes it difficult to
integrate a device with MMIC components such as
capacitors, resistors, and inductors.

Previous studies reported that Al0.7Ga0.3Sb
insertion on top of an AlSb layer enables a shallowmesa isolation stopped at Al0.7Ga0.3Sb [3]. This
shallow-mesa isolation was performed by a wet etch
based on an acetic and hydrofluoric acid solution.
However, wet etching is more labor intensive and can
be less repeatable in mesa isolation steps. It is
imperative to develop a dry-etching technology for a
more controlled and less labor intensive production
process.
In this paper, we report a shallow-mesa isolation
etch of AlSb/InAs HEMTs using inductively-coupled
plasma etching with Cl2-based chemistries.
Table 1. HEMT channel Electronic Material Properties
Property
me*
µ (cm2/V-sec)
Peak Velocity
(107 cm/sec)
Γ-L valley
separation (eV)
Band Gap (eV)

InAs
0.023
20000
4.0

In 0.53Ga0.47As
0.041
8000
2.7

GaAs
0.067
4500
2.2

0.9

0.55

0.31

0.36

0.72

1.42

Device Structure and Manufacturing Technology
Figure 1 shows a baseline AlSb/InAs HEMT
epitaxial structures grown by molecular beam epitaxy
(MBE) on semi-insulating 3” GaAs substrates at
NGST. On top of a 2.0 µm AlSb buffer layer, a 0.3
µm Al0.7Ga0.3Sb buffer cap layer was inserted and a
number of additional thin layers were grown to form
an InAs-channel HEMT structure. Detailed rationale
regarding each layer insertion, such as the hole
barrier, doping plane, and buffer cap, can be found in
previous publications [1-4]. A critical aspect of dry

etching is to etch through the thin device epi-layers
and to stop in the middle of the Al0.7Ga0.3Sb buffer
layer, which is sandwiched by AlSb layers. The etch
rate must be well controlled to stop within the 0.3 µm
Al0.7Ga0.3Sb buffer cap.

of the GaSb was comparable to that of the GaAs.
Table 2 summarizes the etch rate comparison of
GaSb, Al0.7Ga0.3Sb and GaAs. At 125W/20W
ICP/Bias power, 4 mTorr, 2.5 sccm Cl2/7.5 sccm
BCl3/5 sccm Ar, the etch rate of Al0.7Ga0.3Sb layer
was only 110 Å/min, which is about 5 % that of the
GaAs and the GaSb layer, at the same process
parameters. This suggests that the slower etching rate
in the Al0.7Ga0.3Sb layer is attributed to the Al
component. BCl3 gas was found to be more effective
for etching Al0.7Ga0.3Sb as compared to Cl2. The etch
rate of Al0.7Ga0.3Sb increased to 160 Å/min from 110
Å/min while the etch rate of both the GaSb and the
GaAs significantly decreased by increasing the BCl3
flow to 10 sccm at the expense of Cl2 flow. Fig 2
shows the etch rate trends of Al0.7Ga0.3Sb with respect
to the Cl2 percentage in the total gas flow.

Table 2. Etch rate (Å/min) comparison
ICP/Bias Power (125W/20W) and Pressure (4 mT)

The wafer fabrication process utilizes qualified
InP-HEMT production processes including NGST’s
0.1-µm gate E-beam process. Active device mesas
were formed by using inductively coupled plasma
(ICP) etching with Cl2/BCl3/Ar chemistries. Pressure,
ICP/Bias power and gas mixture are the main factors
that contribute the etching rate. To minimize the
possible plasma damage, a low-power condition was
selected. At this low-power condition, etch rate
studies on GaSb, Al0.7Ga0.3Sb and GaAs samples
were conducted utilizing Cl2/BCl3/Ar gas chemistries.
AlSb and Al0.7Ga0.3Sb layers are the majority of the
epitaxial layers that need to be etched. Ideally, etch
rate measurement on individual layers would be
beneficial for an accurate etch time calculation.
However, the AlSb layer was not available because
of its high reactivity in air. Thus, the Al0.7Ga0.3Sb
layer was selected for calibrating the etch rate. Also,
the GaAs and the GaSb layers were selected as
reference materials for a etch rate comparison. The
etch rate of the Al0.7Ga0.3Sb layer was significantly
slower than that of the GaAs layer, while the etch rate
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Figure 1. Baseline epitaxial structures.
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Figure 2. Etch rate of the AlGaSb layer vs. Cl2 percent.
ICP Power: 125W, Bias Power: 20W, and Pressure: 4 mT

An optimized process was tested on various target
depths into the buffer layer and it was observed that
the isolation voltage increased as the etched depth
into the Al0.7Ga0.3Sb buffer layer increased as shown

Isolation Voltage (V)

in Figure 3. With an assumption that the leakage
current through the surface remains the same, this
trend suggests a change of available charges within
the Al0.7Ga0.3Sb layer, possibly resulting from its
band bending, as the etched depth into the
Al0.7Ga0.3Sb layer increases. An average of 100
MΩ/sq of electrical isolation was achieved at the
target thickness of 1800 Å.
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Figure 4. AFM comparison of wet vs. dry-etched mesa
floors: dry etched (top photo, rms: 1.67 nm), and wet
etched (bottom photo, rms: 15.2 nm).

Figure 3. Isolation voltage vs. Etched depth.
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The smooth mesa floor is highly desirable for
integration of various MMIC components such as
thin-film resistors. Surface roughness on the mesa
floor was evaluated using atomic force microscopy.
The dry-etched mesa floor showed rms roughness of
1.67 nm, which is far superior in smoothness as
compared to the 15.2 nm from the wet-etched mesa
based on acetic and hydrofluoric acid as shown in
Figure 4.
The wafers fabricated with Pd/Pt/Au ohmics and
electron beam lithography were utilized for 0.1 µm
Mo/Au T-gates in a 2 µm source-drain region. The
source-to-drain region was 0.8 µm. Other passive
circuit components include NiCr thin-film resistors,
two levels of interconnect metal including air bridges
and a double layer of SiN MIM capacitors. Figure 5
shows the schematics of a circuit cross-section
including backside process.
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Figure 5. A schematic cross-section of the circuit
including backside process.

Devices and Circuits Performance
Small signal RF tests were performed on the wafer
fabricated by this shallow mesa isolation technique.
The average peak fT was 160 GHz and 220 GHz at
VDS of 0.2 and 0.4 volts and drain current densities of
135 and 340 mA/mm respectively. This shows 5~10
times lower DC power dissipation than a comparable

InP-based HEMT circuit does for the same fT as
shown in Figure 6.
Recently, the first W-Band Low Noise Amplifier
(LNA) was demonstrated by utilizing AlSb/InAs
HEMT technology [5]. The amplifier operates over
an 80-100 GHz bandwidth and demonstrates a
minimum noise figure of 5.4-dB with an associated
gain of 11.1-dB at an ultra-low total chip dissipation
of 1.8-mW. When biased for higher gain, 16 +/- 1
dB is measured over a 77-103 GHz bandwidth, as
seen in Figure 7 for a chip dissipation of 4.41-mW.
Table 3. Extrapolated fT and fmax
fmax
VDS
IDS
fT
PDC
(mA/mm)
(mW/mm)
(V)
(GHz)
(GHz)
220
275
0.5
340
170
160
175
0.2
135
27
82
160
0.1
30
6

NGST has developed a shallow mesa isolation for an
AlSb/InAs HEMT with an AlGaSb buffer layer by
using the inductively coupled plasma etching
technique. A controlled etching rate with smooth
mesa floor morphology has been demonstated. The
resulting devices and circuits demonstrate
revolutionary low power dissipation combined with
high frequency performance.
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Figure 6. Comparison fT vs. DC power dissipation.
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ACRONYMS
HEMT: High Electron Mobility Transistor
ICP: Inductively Coupled Plasma
NGST: Northrop Grumman Space Technology
rms: Root Mean Square
LNA: Low Noise Amplifier
MMIC: Monolithic Microwave Integrated Circuit
MIM: Metal Insulator Metal

Figure 7. Gain vs. Frequency on W band LNA using
AlSb/InAs HEMT.

