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Physics of Breakdown in InAlAs/nT—InGaAs
Heterostructure Field-Effect Transistors

Sandeep R. Bahl, Member, IEEE, and Jesiis A. del Alamo, Senior Member, IEEE

Abstract—InAlAs/nT™—InGaAs HFET’s on InP have demon-
strated a high breakdown voltage in spite of the narrow bandgap
of the InGaAs channel. In order to understand this unique
feature, we have carried out a systematic temperature-dependent
study of off-state breakdown. We find that off-state breakdown at
room-temperature is drain-gate limited and that the breakdown
voltage shows a negative temperature coefficient. Based on these
and other findings, we propose that off-state breakdown is a
two-step process. First, electrons are injected by thermionic-
field emission from the gate to the insulator. Second, electrons
enter into the high-field drain-gate region of the channel hot,
and relax their energy through impact-ionization. This com-
bined mechanism explains our experimental observations that
off-state breakdown in InAlAs/n®™—InGaAs HFET’s depends
both on channel and insulator design. Our findings are relevant
to other InAlAs/InGaAs HFET’s, such as the MODFET, as well
as HFET’s based on other narrow-bandgap materials.

I. INTRODUCTION

nAlAs/InGaAs heterostructure field-effect transistors

(HFET’s) on InP have emerged as promising candidates
for applications in microwave and lightwave communication
systems. Modulation-Doped FET’s (MODFET’s) from this
material system have achieved world-record frequency and
low-noise performance[1]. There is, however, one fundamental
weakness of InAlAs/InGaAs HFET’s when compared to
GaAs-based FET’s. Ing.53Gag.47As has a bandgap (Eg) of
0.73 eV [2], about half the bandgap of GaAs (Eg=1.42 eV)
[3]. This limits the breakdown voltage of Ing 53Gag 47 As-based
devices. It is for this reason that, although the advantages of
InAlAs/InGaAs HFET’s for power microwave applications
have been recognized [4], they have yet to be exploited [1].
This is also an important limitation for InP photonics receivers
based on InAlAs/InGaAs HFET’s, which need a separate low-
voltage supply, since the HFET’s cannot support the voltages
required for optimum MSM photodetector operation [5].

A device structure that might alleviate this problem is the
InAlAs/n*—InGaAs HFET [6]-[8]. This device, by virtue
of its undoped pseudo-insulator, has demonstrated high off-
state (channel turned-off) breakdown voltage, BV, In previous
work we have shown that BV is engineerable [8], can be
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increased by using AlAs-rich insulators [9] and is degraded
in channels with higher InAs-mole fractions [10] and heavier
doping [11]. BV can also be increased by reducing the channel
thickness so that the effective channel bandgap is artificially
enhanced by quantum-size effects [12]. The empirical work
above presents a puzzling picture in which BV depends
strongly on both insulator and channel design. No available
theory can explain all our experimental observations.

In this paper, we present the first comprehensive experi-
mental study of off-state breakdown in InAlAs/n*—InGaAs
HFET’s. Our findings allow us to formulate a convincing hy-
pothesis for the physics of breakdown in InAlAs/nt—InGaAs
HFET’s. Our work also sheds light on the reasons for the low
BV of InAlAs/InGaAs MODFET’s.

II. EXPERIMENTAL

Our study is based primarily on the heterostructure in Fig. 1.
It was grown by MBE on S.I. InP and consists of (bottom to
top), a 1000 A Ing s50Alp 4As buffer, a 75 A Ing.53Gag 47As
undoped subchannel, a 100 A nt—Ing 53Gag 47As Si-doped
channel (Np=4x10'8 cm=3), a 300 A Ing 41 Alg 50As strained
insulator, and a 50 A undoped Ing 53Gag 47As cap. We call this
the default structure. Another structure, identical except for
a larger channel doping (Np=8x10'® cm~3) was also used.
The heterostructures had sheet charge densities, measured
by Hall-effect at 300 K, of 1.2x10'2 cm~2 and 3.1x10'2
cm™2, respectively. Mesa-sidewall isolation was used in both
heterostructures [13]. Processing is described in [8], and
detailed device characterization is presented in [8], [11].

The following devices were used in this study. First, an
HFET with (optically measured) gate-length, gate-width, and
gate-drain gap; L=1.9 pm, Wg=30 um, and Lgp=1.7um
respectively. HFET's with larger L were also characterized.
Second, a sidegate structure with L5=2.9 ym and W5=30 um.
The sidegate contact is formed by ohmic metallization to a
heterostructure mesa with dimensions of 15 gm by 40 um, and
lies parallel to the HFET mesa with a separation of 15 pum.
It is isolated from the HFET by etching the mesa down to
the semi-insulating substrate. A sketch is shown in the inset
of Fig. 7.

Both drain-source breakdown voltage, BVps, and drain-
gate breakdown voltage, BVp, were measured. The “‘drain-
source breakdown voltage’ refers to the breakdown of the
drain with respect to the grounded source, i.e., the sharp rise of
Ip on the output I-V characteristics [1]. It does not necessarily
imply that breakdown occurs in the drain-source path. We have
defined BVpg as the peak Vpg attained with the channel off
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Fig. 1. Cross section of device structure.
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Fig. 2. A Drain-Current Injection scan at I =1 mA/mm for the HFET at 300
K. Vps is limited by drain-gate breakdown. The inset shows the schematic
circuit diagram.

and Ip=1 mA/mm of gate width, regardless of Vg [14]. We
have defined BVp¢, according to convention [15]-[17], at
Ip=1 mA/mm of gate width with source floating.

To characterize breakdown, we have used the Drain-Current
Injection technique [14]. Both BVps and BVpg are non-
destructively obtained in a single sweep. The technique also
provides physical insight since it discriminates between gate
and channel breakdown (defined by the terminals between
which current flows during breakdown). The circuit schematic
is shown in the inset of Fig. 2, and is implemented using a
HP4145B semiconductor parameter analyzer.

Temperature dependent studies were performed by use of
a low-temperature probe station from MMR Technologies,
Inc. We scanned from high to low temperatures to avoid
the presence of moisture from the melting of the slight
condensate that forms on the sample below about 273 K. The
initial instability due to device degradation was minimized
by repeatedly scanning the device (typically 2-4 times) at
the starting temperature until a steady-state characteristic was
obtained.
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Fig. 3. A drain-current injection scan at Ip=1 mA/mm for the HFET at 80
K. The graph also shows the ability of the drain-current injection technique
in resolving channel and gate breakdown regimes.

III. RESULTS

In this section, we present our findings from a systematic
study carried out on the sample in Fig. 1. We present the results
after a header that captures the key conclusion.

A. At 300 K, Vpg Is Limited by Gate Breakdown

Fig. 2 shows a Drain-Current Injection scan at 300 K for
a typical HFET. The plot shows Vpg, Vps and Ig versus
Vas for Ip=1 mA/mm. As Vg is ramped (from 0 V) below
threshold, (Vr=-0.8 V) the channel shuts off and both Vps and
Vpg rise sharply to meet the condition of a constant 1 mA/mm
injected into the drain terminal, and the device is driven into
breakdown. At Vgs=-1.2 V, Vps peaks at 17 V and Vpg
plateaus to ~ 18.3 V. The peak Vps unambiguously defines
BVpg. Furthermore, the drain-gate voltage at /g=-1 mA/mm
unambiguously defines BVp¢, since at this point there is
negligible leakage current from the reverse-biased gate-source
junction (I =20). Upon reducing Vg further, Vps decreases
linearly with V55, showing a slope of =1, while Vpg remains
constant at 19 V. This behavior together with the fact that
when the channel is turned off, all the injected drain current
comes out of the gate, is a clear signature of gate breakdown.
It shows that gate breakdown limits the maximum drain-source
voltage that the device can attain.

In contrast, the physics of breakdown are considerably
different at sufficiently low temperatures. We include the
Drain-Current Injection scan (Fig. 3, Ip=1 mA/mm, T=80 K)
to illustrate the difference. The scan at 80 K shows the
appearance of a facet between Vggs=-1V and -4.1 V. At
Vas=-1V, Ig is small and Vpg does not reach a plateau,
therefore breakdown is channel dominated. As Vg is made
more negative, however, corresponding to larger Vp¢, break-
down becomes gate dominated. The peak Vpg of 183 V
occurs at Vgg=-4.1 V, i.e., when breakdown is gate dominated.
However, since BVpg is clearly less than BVpg (22.4 V) +
Vr, we can see that Vpg is limited by channel breakdown.

B. At Breakdown, There Is a High-Field
Region in the Drain-Gate Gap

This fact is well known for the AlGaAs/GaAs HEMT [18],
[19], and the GaAs MESFET [20], and is probably true for
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Fig. 4. A plotof BVpg and BV pg;, versus temperature. Above T=240 K,
BV shows a negative temperature coefficient, and below 240 K, BV shows
a small positive temperature coefficient.
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Fig. 5. A semilogarithmic plot of I¢; versus 1000/T for several values of
V¢ from above threshold to breakdown.

HFET's in general. We have confirmed this experimentally
for our devices by measurements on a gated Hall-bar structure
[21], and by 2-D simulations performed using PISCES-2b [7].

C. Around 300 K, BVpgs and BVpg Have a
Negative Temperature Coefficient

Fig. 4 is a plot of BVpg and BVp¢ between T=80 K and
360 K. At higher temperatures (240 K to 360 K) BVpg and
BVpe show a negative temperature coefficient, with BVps
decreasing from 24.7 V at 240 K to 11.1 V at 360 K. Above
140 K, BVps also closely tracks BVp¢ and the drain-current
injection scan behaves like the scan in Fig. 2.

At low temperatures (below 240 K), BV shows a small
positive temperature coefficient. Below 140 K, BVps and
BVpe start diverging. This loss of tracking coincides with
the appearance of the channel breakdown facet (Fig 3). These
facts clearly show that the physics of breakdown are different
in the low- and room-temperature regimes.

D. Around 300 K, I Is Thermally Activated
Approaching Breakdown
We investigated the temperature dependence of the gate

current approaching breakdown. Fig. 5 shows a plot of Ig
versus 1000/T. Data from the locus of the drain-current
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Fig. 7. A drain-current injection scan on a sidegate structure (inset). The
rise in Ig¢; corresponds to electron-hole pair generation in the channel when
the device enters breakdown.

injection technique (Ip=! mA/mm) was used for several
values of Vpg. Down to about 240 K, I drops quickly with
temperature. For lower T, I plateaus or increases slightly.
An Arthenius plot of I/T? was generated for several values
of Vp¢ around room temperature (Fig. 6). In this temperature
regime, the gate current was found to be thermally activated
with an activation energy of 0.41-0.46 eV, regardless of Vpg.

E. Holes Are Generated During Breakdown

To investigate whether electron-hole pairs are generated
during breakdown, we carried out a drain-current injection
scan at Ip=1 mA/mm on a sidegate structure (inset of Fig. 7).
Sidegating structures have previously been used for detecting
holes generated by impact-ionization.in the channels of GaAs-
based devices [22].

Fig. 7 is a plot of Vpg, I and sidegate current, Isg, versus
Ves at T=300 K for Ip=1 mA/mm. To extract holes, the side-
gate was biased at -15 V with respect to the grounded source.
As the device is turned off, Vps increases, accompanied by a
simultaneous rise (in absolute terms) in both I and Is¢.
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Fig. 8. A schematic showing the biasing circuit for the experiment of Fig. 9.
The solid arrows show the flow of source electrons and their generated holes.
The shaded arrows show electron flow from the gate to the drain. A detailed
cross-sectional structure of the FET is shown in Fig. 1.

The larger Is¢ is not due to a parasitic drain-sidegate path.
We verified this (not shown) by carrying out (a) a two-terminal
drain-sidegate measurement (/s=I5=0), and (b) drain-current
Injection scans at 1 mA/mm, 1.5 mA/mm, and 2 mA/mm.
For the two-terminal measurement, /g became monotonically
larger to -0.51 pA/mm when Vp_gg was increased up to
35 V. For the drain-current Injection scans, Is; behaved like
the scan in Fig. 7, and its peak value grew approximately
linearly with the injected drain current from -1.2 pA/mm at
Ip=1 mA/mm to -2.4 pA/mm at Ip=2 mA/mm. Since Isq
increases with Ip only when a large negative bias is applied
to the sidegate, the larger Isc in Fig. 7 can only be due
to partial collection of holes generated at breakdown in the
HFET.

F. Gate Electrons, Not Source Electrons, Are
Responsible for Off-State Breakdown

We have carried out an experiment to assess the relative
effects of gate and source electrons in off-state breakdown. The
biasing circuit is shown in Fig. 8. Essentially, we have carried
out a measurement of gate-drain breakdown with varying
amounts of source current. The experiment is motivated by
results from the InAlAs/InGaAs HFET literature showing
that electron flow through a high-field region in the InGaAs
channel will cause impact-ionization [23]-[26]. Some of the
generated holes will be collected by the gate and contribute to
the gate current [25]-{27]. This flow of source electrons and
their generated holes has been illustrated schematically by the
solid arrows in Fig. 8. Also illustrated, by the lightly shaded
arrow, is the flow of gate electrons.

The experimental data is presented in Fig. 9. First, a two-
terminal gate-drain (source floating) scan was carried out. This
scan was then repeated with Is=-1 and -10 mA/mm. The
plot shows that these low values of source current do not
significantly affect the gate-drain breakdown characteristics.

An increase in Ig, however, does lower BV slightly. We
attribute this to impact-ionization caused by electrons flowing
through the high-field channel region [23]}-[26]. An estimate of
the effectiveness of source current in off-state breakdown may
be obtained from Fig. 9. At Ig=-10 mA/mm, I is -1 mA/mm
at Vg p=-20.6 V for this particular device. If I5 is now lowered
to 0 mA/mm, Ig falls from -1 mA/mm to -0.7 mA/mm.
This shows that it takes about 33 times more source current
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Fig. 9. Gate-drain characteristics taken with I5=0, -1, -10 mA/mm, showing
that source electrons are not responsible for off-state breakdown. The device
had L;=1.9 pm and W=30 pm.

to produce a corresponding effect to the gate current, and
demonstrates that source electrons are not responsible for off-
state breakdown. The difference could arise because source
electrons enter the high-field channel region cold, whereas
gate electrons enter hot, as discussed in the next section. As
the device turns on, impact-ionization will increase and it is
very likely that channel breakdown could limit the maximum
Vbs [23]-[26]. The study of on-state breakdown is beyond
the scope of the present paper, however.

Based on the above set of experiments, the next section out-
lines a hypothesis for a physical mechanism that can explain
our observations, including earlier findings that breakdown is
strongly affected by both insulator [9] and channel [10], [12]
design.

IV. PROPOSED BREAKDOWN HYPOTHESIS

The InAlAs/nt-InGaAs HFET consists of a thin undoped
wide-bandgap pseudo-insulator (InAlAs) and a thin heavily
doped narrow-bandgap channel (InGaAs), with substantial
AE¢ between both layers. Breakdown in these devices can
potentially result from many effects, such as avalanche mul-
tiplication, thermionic or thermionic-field emission across the
insulator, electron tunneling through the insulator, or Zener
breakdown in the channel [28]. It can also occur by Auger gen-
eration [29], which is also referred to as ‘impact-ionization at
a potential step”’ [30]. In our heterostructure, this could happen
as a result of gate electrons crossing from the InAlAs insulator
into the InGaAs channel. For Ing 40Alg goAs/Ing 53Gag 47As,
the electrons would suddenly gain an energy of AE .= 0.67 eV
[9], almost as large as the bandgap of Ing 53Gag 47As (0.73 eV)
[2]. In this case, the presence of even a low electric-field
in the insulator can give rise to impact-ionization in the
channel.

We have been unable to identify a single process that
can satisfactorily explain all our experimental observations.
Breakdown cannot be explained by simple impact-ionization.
BV shows a negative temperature coefficient (Fig. 4) at room
temperature. This is contrary to conventional impact-ionization
behavior [31], although qualitatively in agreement with a
recent finding showing an anomalous increase in collector mul-
tiplication with temperature in an Ing 53Gag 47As/InP bipolar
transistor [32]. However, light-emission measurements show
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that impact-ionization in our HFET is larger at low temperature
[33]. The negative temperature coefficient of BV at 300 K
therefore does not arise from impact-ionization. Also, since
breakdown is from drain to gate, the involvement of the buffer
layer is unlikely.

We additionally deduce that room-temperature breakdown
is not due to Zener tunneling in the channel. We plotted (not
shown) the data of Fig. 6 on a semilogarithmic scale with I
as the ordinate and Eg./ % as the abscissa. F¢ was calculated
as a function of temperature using the Varshni equation for
Ing 53Gag 47As [2]. Assuming tunneling through a triangular
barrier [29], the data should follow approximately a straight
line with slope inversely proportional to the electric field. In
contrast, we found that the slope of best-fitted lines to the
data remained approximately constant for Vpg between 0.4 V
and 16 V. The absence of Zener tunneling in the channel is
consistent with our previous results that for a fixed channel
design, BV is much higher for insulators with low InAs-mole
fraction [9].

Thermal emission of electrons from the gate into the insu-
lator deserves special consideration, since we found I to be
thermally activated. Our value of F 4 of about 0.4 - 0.5 eV
is lower than the Schottky barrier height (¢p) of 0.84 eV
reported for Al-Ing 43 Alg s9As [34]. It is, however, consistent
with barrier height measurements of InAlAs under reverse bias
conditions [35]. A reduction in the measured barrier height
can be attributed to electrons tunneling through the tip of the
triangular gate-InAlAs barrier, to weak surface Fermi-level
pinning, and in our device, the voltage dropped across the
InGaAs capping layer (Fig. 10(a)).

We therefore propose that off-state breakdown at around
room temperature is governed by a two-step process involving
thermionic-field emission and Auger generation, as shown
schematically in Fig. 10(a). First, electrons are injected from
the gate edge into the high-field drain-gate region of the
insulator by thermionic-field emission. Second, because of the
large conduction-band offset and the electric-field in the insu-
lator, they enter the channel hot, and immediately relax their
energy through impact-ionization. The electrons flow towards
the drain, and the holes can either be extracted by the gate or
flow towards the source, where they recombine with electrons.
Since this process actually occurs in two-dimensions, with
electron injection likely to take place sideways, we have
illustrated it on a two-dimensional sketch in Fig. 10(b). The
need to assume sideways injection from the drain-edge of the
gate arises because we have seen from measurements on a
gated Hall-bar structure [21], that the vertical voltage drop in
the interior of the channel gets pinned at V. Since breakdown
does not occur at Vgp=V;s=-V7, this means that the area-
leakage component of I flowing vertically from gate to
channel does not contribute to breakdown. We discuss the im-
plications of the thermionic-field emission/Auger-generation
hypothesis in the next section.

V. DISCUSSION

The hypothesis presented above qualitatively explains all
our other experimental observations to date on the off-state
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Fig. 10. A schematic showing the combined effect of electron
thermionic-field emission and Auger generation. (a) Basic mechanism
and (b) two-dimensional drawing.

breakdown of the InAlAs/n™—InGaAs HFET. We have pre-
viously found that BV increases with lower InAs mole frac-
tion in the insulator [9] and enhanced channel bandgap (by
quantum-size effects in thin channels [12]). The lower-InAs
insulator has a larger Schottky barrier height [34], [36],
and in our hypothesis, enhances breakdown by suppressing
thermionic-emission. An increase in channel bandgap (by
quantum size effects) increases breakdown voltage by sup-
pressing impact-ionization [12].

We also found that BV decreases with higher InAs-mole
fractions in the channel [10], and higher channel doping [11].
The InAs-rich channel has a lower bandgap [3], therefore
impact-ionization will be enhanced. With a higher channel
doping, electron emission from the gate is enhanced because
the increased electric-field in the insulator and cap results
in a lower effective Schottky-barrier height as we discuss
below.

To investigate the effect of channel doping, we carried out
Drain-Current Injection scans at /p=1 mA/mm on a sample
with Np=8x10'® cm~3. As for lower doping, we found that
BV was limited by gate breakdown and I; was thermally
activated between 360 K and 240 K. At 300 K, BVps and
BVpg were 1.6 V and 3.2 V, respectively. I5/T? was plotted
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Fig. 11. A plot of the activation energy, E 4, of the gate current at around
room temperature versus Vp¢ for the low and heavily doped samples. The
data was obtained by use of the drain-current injection technique.

versus 1000/T [21] (not shown), and E4 was extracted in a
manner similar to Fig. 6. We also verified, in the same manner
as for the sample with lower doping (see discussion above),
that simple Zener tunneling is inoperative.

A plot of E4 versus Vpg for the heavily-doped sample is
shown in Fig. 11. At Vpe=04 V, E4 is 0.47 eV. As Vpg
increases, E 4 rapidly decreases until threshold (Vr=-1.5 V),
beyond which E 4 plateaus at approximately 0.2 eV. The F4
versus Vpe data for the low-doped sample is also shown
in Fig. 11. For low Vpg, E4 in both devices is about the
same, but at breakdown, E4 is much lower for the heavily-
doped sample. This behavior can be explained in the following
manner. With heavier channel doping, a given gate voltage
results in higher electric field in the insulator and cap layers.
This can lower E4 by making the barrier more triangular
(Fig. 10(a)), or by shifting the Fermi-level position if the
pinning is weak. In this device, an additional (calculated [7])
0.25 eV of lowering at Vgs=Vr (-1.5 V) is due to the voltage
dropped across the cap (see inset of Fig. 11). Below threshold,
the fringing field becomes important, and will be much higher
for a heavily-doped channel because of the smaller penetration
of the depletion region into the drain-gate gap.

Sidegate measurements on the heavily-doped sample (not
shown) verified that, in spite of the low BV, hole gener-
ation still occurs during breakdown. This suggests that the
mechanism responsible for breakdown is the same as for the
low-doped device, however the strong reduction in E 4 causes
premature breakdown by increasing Ig.

The hypothesis articulated in section 4 is able to explain the
temperature dependence of BV as follows (see Figs. 4-6). At
around room temperature, a decrease in T results in lower
thermal emission of electrons into the insulator, and BV
increases. As T is lowered, electron flow through the insulator
becomes increasingly governed by (temperature independent)
tunneling. At the same time, impact ionization increases in
the channel due to the enhanced mean-free path {31] and the
higher electric field (due to the higher BV). Eventually, the
two mechanisms balance and BV peaks. This occurs at 240 K
for our low-doped device (Fig. 4). Below 240 K, both BVps
and BVp¢ show a positive temperature coefficient, consistent
with impact-ionization [31].
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We also investigated the dependence of BV on L. Devices
with (measured) L between 1.9 pm and 53.6 pm were
characterized. We found (not shown) that in all cases, Vpg
was limited by gate breakdown. We could not identify any
gate length scaling. BVpg varied between 15.5 V and 19.3 V.
The differences in BV were correlated with the (unintentional)
differences in gate-drain gaps (measured optically), which
were found to range between 1.2 and 1.7 pm. As L¢g is
shrunk further, it is reasonable to expect that the higher channel
electric field will cause channel breakdown to eventoally dom-
inate, and BV would decrease for smaller L. We have found,
however, in a separate study on L5=0.28 yum MODFET’s, that
in the off-state, Vpg is still limited by gate breakdown [37].

The combined thermionic-emission/Auger-generation
process can also explain our previous observations on the
effect of Mesa-sidewall gate-leakage. Our results show [13],
[38] that sidewall-leakage current does not cause premature
breakdown, even though it increases the gate current at the
onset of breakdown. This is because sidewall-leakage is a
parasitic current path from the gate directly into the interior
of the gated channel [38]. This means that first, this parasitic
contact does not see a large voltage because the interior of
the channel is shielded by the gate [21], and second, electrons
introduced by the sidewall-contact enter directly into the
channel, and as a result they are cold and do not significantly
affect breakdown, in a manner similar to the cold electrons
originating from the source (see Fig. 9).

The thermionic-emission/Auger-generation process postu-
lated here is also likely to limit BV in InAlAs/InGaAs
MODFET’s, since in these devices, doping the insulator results
in a higher electric field, and therefore a reduced effective
barrier to electron emission from the gate. Measurements
on state-of-the-art lattice-matched and pseudomorphic MOD-
FET’s on InP are consistent with our hypothesis [37].

VI. CONCLUSION

We have carried out an experimental study of the physics
of off-state breakdown in InAlAs/n*—InGaAs HFET’s. Our
measurements have been presented as a function of temper-
ature, doping, gate-length, and on a sidegate structure. At
around room temperature, breakdown is found to be drain-
gate limited and BV shows a negative temperature coefficient.
Breakdown is hypothesized to be a two step process. First,
electrons are injected sideways from the gate edge into the
high-field drain-gate region of the insulator by thermionic-
field emission. Second, because of the large conduction-
band offset and the electric-field in the insulator, they enter
the channel hot, and immediately relax their energy through
impact-ionization. This combined mechanism explains all our
experimental observations to date on breakdown phenomena
in InAlAs/nt-InGaAs HFET’s.
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