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A Physical Model for the Kink Effect in
InAlAs/InGaAs HEMT’s

Mark H. Somerville, Alexander Ernst, and Jesús A. del Alamo, Senior Member, IEEE

Abstract—We present a new model for the the kink effect in In-
AlAs/InGaAs HEMT’s. The model suggests that the kink is due
to a threshold voltage shift which arises from a hole pile-up in the
extrinsic source and an ensuing charging of the surface and/or the
buffer-substrate interface. The model captures the many of the ob-
served behaviors of the kink, including the kink's dependence on
bias, time, temperature, illumination, and device structure. Using
the model, we have developed a simple equivalent circuit, which
reproduced well the kink's dc characteristics, its time evolution in
the nanosecond range, and its dependence on illumination.

Index Terms—HEMT, InAlAs, InGaAs, kink effect.

I. INTRODUCTION

T HERE is continuing interest in the origin and conse-
quences of the kink effect in InAlAs/InGaAs HEMTs

[1]–[5]. The kink is associated with reduced gain and excess
noise at high frequencies, and may be related to on-state
breakdown and premature burnout [6].

Conventional wisdom suggests that traps are responsible for
the kink in InAlAs/InGaAs devices. In these models, high fields
at the drain end of the device change the charge state of traps in
the buffer or in the insulator [7]. This leads to a shift in threshold
voltage, hence a rise in drain current. Several reports appear to
support such a theory: kink suppression through the careful con-
trol of growth suggests that traps may be responsible [7], [8]. Re-
cent work has argued that the frequency dependence, transient
response, and illumination dependence of the kink are consis-
tent with a trap hypothesis as well [1], [9].

However, there is a substantial body of evidence indicating
that impact ionization is in some way associated with the kink.
It has been reported that the kink is suppressed as the bandgap
of the channel is increased [10]–[12]. It has also been shown
that devices biased in the kink region show significant light
emission [12], another clear signature of impact ionization in
the channel. The well-known relationship between impact ion-
ization and the kink in silicon-on-insulator (SOI) MOSFET’s
[13] motivated one group successfully to use a source-contacted
p-layer beneath the channel for kink suppression in InAlAs/In-
GaAs HEMT’s [14]; this result seems to imply that impact-ion-
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ization generated holes play a significant role in the kink. Addi-
tionally, simulations show that the kink disappears if the impact
ionization mechanism is turned off in the simulator [3], [4], [15].
Finally, we have reported sidegate measurements establishing a
direct relationship between impact ionization and the kink [16],
[17], as well as transient measurements showing that the time
constants associated with the kink are strongly correlated with
the impact ionization rate [18].

These results have led to a number of kink models that in-
voke impact ionization, including hole trap charging beneath the
gate in the insulator and in the buffer [19]; pure impact ioniza-
tion [20], [21], source resistance reduction [3], [4], [22]; and
SOI-type floating body effects [23], [24]. While each of these
models give some insight into the kink, none adequately explain
all of the kink's behavior. In particular, any model for the kink
must explain:

• kink's peculiar bias dependence; [16];
• kink's dependence on illumination [1], [2];
• relationship between impact ionization and the kink [17];
• kink's dynamic behavior (particularly the bias-dependence

of the time constants associated with the kink) [18];
• relationships between the kink and the recess (for ex-

ample, why is the kink strengthened as the width of the
source-side recess is increased?) [22], [25];

• kink's dependence on aging and surface treatments [5],
[26].

We have recently carried out a several studies of the kink, in-
cluding dc characterization [16], sidegate measurements [17],
and large-signal transient measurements with nanosecond res-
olution [18]. In this work, we have combined the results of
these measurements, as well as new measurements of the kink's
temperature and illumination dependence, to develop a compre-
hensive picture of the kink. We show that all our experimental
results can be explained by an impact-ionization based model
where hole pile-up at the source shifts the threshold voltage of
the device. This has allowed us to develop the first dynamic
physical model and a complete equivalent circuit for the kink
in InAlAs/InGaAs HEMT’s.

II. PHYSICAL MODEL FOR THEKINK

Several attempts to explain the kink based on some sort of
hole accumulation in the source have been made. We have pre-
viously suggested a model in which holes accumulate in the
channel beneath the recessed region of the source [16]. Suemitsu
et al.have postulated a similar mechanism based on suppression
of the source resistance due hole accumulation in the source [3],
[4]. Although Suemitsu's work provides physical insight into the
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origins of the kink, the expressions he derives are complicated
and depend on precise knowledge of fields and hole concentra-
tions throughout the device. More importantly, we believe that

reduction is not sufficient to explain the kink effect, espe-
cially in high performance devices and close to threshold, where
there is little voltage drop on the extrinsic source. Some other
effect must be present.

The starting point for our model is the idea that although
source resistance reduction models seem problematic, it seems
likely that hole accumulation in the source is somehow respon-
sible for the kink. This assumption is based on significant exper-
imental evidence suggesting the importance of both holes and
the extrinsic source in the kink effect. Recent reports of light
emission from the extrinsic source [27] show clearly that a large
number of impact-ionization generated holes in a normally-op-
erating HEMT actually accumulate in the extrinsic source. Kink
suppression by means of a buried source-contacted p-layer [24],
[14] further motivate us to explore further the possible signifi-
cance of holes and the source in the kink effect, as do exper-
imental results showing the impact of the surface on the kink
[26]. Can an accumulation of holes in the extrinsic source have
some effectother thanreducing ?

Careful consideration of the electrostatics and band configu-
ration suggest a possible explanation for the kink. To simplify
the problem, we present in Fig. 1 an idealized device cross-sec-
tion. For simplicity, we assume that there is no cap or recess
present. We further assume Fermi level pinning at the surface
and at the buffer-substrate interface, and infinite recombination
velocity at the ohmics. Because the vertical dimensions of the
problem are much smaller than the horizontal dimensions, we
initially impose the condition of quasineutrality in the vertical
dimension—in other words, we require that the charge in any
vertical “slice” of the device add to zero. At time , we
assume that the device is biased at some value ofabove
threshold, and at some reasonably high value of (above the
value at which the kink would appear). Now, we examine how
the kink evolves as a function of time if impact ionization is in-
stantaneously “turned on” for (see Fig. 1).

At (no impact ionization), consider the conduction band
along the vertical cutA on the source side of the gate. Vertical
quasineutrality is satisfied by the requirement that the ionized
dopant charge, the surface charge, and the charge at the sub-
strate-buffer interface add to image the electrons in the channel.
When impact ionization begins , holes are generated
on the high-field drain end of the gate. These holes flow back
through the channel toward the source, where they accumulate
in the channel and recombine [16], [3]. A steady-state hole dis-
tribution in the channelis achieved in a time on the order of
the hole transit time through the channel plus the recombina-
tion time in InGaAs—around 1 nS. Vertical quasineutrality is
achieved through a minor increase in the electron concentration,
as we expect the number of holes in the channel to be small rel-
ative to the number of electrons.

Although the holes at are in steady state within the
channel, they are not in steady state vertically. Indeed, the hole
quasi-Fermi level must bend in order to maintain Fermi pinning
at the surface and the buffer. This will result in a small hole cur-
rent to the surface and buffer [3], [4]. Let us assume that this

Fig. 1. Postulated kink mechanism. (a) Simplified device cross-section used
for the model. (b) Energy bands within the extrinsic source adjacent to the gate
as a function of time. (c) Drain current characteristics as a function of time.

hole current continues until the hole quasi-Fermi level is nearly
flat. This is a fair approximation, given that the holes should be
in better communication with the surface than the electrons (as
evidenced by the dominance of hole current inwhen the de-
vice is biased above the kink [17]). Note that the time for the
holes to equilibrate with the surface and substrate-buffer inter-
face will be significantly longer than the time to reach steady
state in the channel, since they have to overcome a sizable en-
ergy barrier.

Of course, as holes reach the surface and the buffer-substrate
interface, the charge at these locations changes. Vertical
quasineutrality requires that this charge be imaged by addi-
tional electrons in the channel. This requirement raises the
electron quasi-Fermi level and the potential of the channel.
Suemitsu has suggested that since the Fermi level is pinned at
the surface, the potential of the channel relative to the surface
must approximately change by [3], [4]

(1)

Here is the “pre-kink” hole concentration in the extrisic
channel, and is the excess hole concentration there. A similar
argument holds with respect to the buffer. Note that this expres-
sion suggests that the hole quasi-Fermi level is flat at steady state,
and that the electron concentration has not changed by more
than 10–20%. These are both reasonable assumptions. Note
that although the electron gas is degenerate, a Boltzmann-type
relationship remains appropriate for the holes.
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In a real device, of course, the channel potential will change
only by a fraction of . This is because surface pinning
should only be significant in the uncapped recess region; two di-
mensional effects thus imply that the size of will decrease
as the length of the recess on the source side is reduced. Such
an effect has been observed in simulations [4]. However, (1)
does capture the key dependencies of the channel potential—it
should depend logarithmically on the number of holes inside the
channel in the extrinsic source.

Clearly this increase in channel potential, and ensuing
change in electron concentration will result in an reduction,
as Suemitsu has argued [3], [4]. However, we believe the
more important effect is the change in the channel potential
beneath the source end of the gate. The vertical quasineutrality
approximation made above ignores this effect, but of course,
any change in electron concentration and channel potential
in the region beside the gate necessarily implies a change in
electron concentration and channel potential beneath the gate.
This, in effect, changes thethreshold voltageof the device.
Thus, the transistor will experience additional drive through:

(2)

where is the “kink current”, that is, the increase in over
its “pre-kink” value, . Again, two-dimensional (2-D) effects
imply that this effect will be weaker than (1) suggests, but the
functional dependence should not be modified.

Note that since impact ionization is occurring, the drain cur-
rent should also rise due to the generated electrons and holes.
However, we have previously established that the impact ion-
ization current is low relative to the magnitude of the kink cur-
rent [17]; we therefore neglect the contribution from pure
impact ionization. For the same reason, we also do not include
any linear threshold shift due to holes within the intrinsic device
[28].

Before proceeding, it is worth noting that this model isqual-
itatively consistent with the kink's strange structural dependen-
cies. If indeed charging of surface states or interface states is
responsible for the kink, it is clear that changes in growth [7]
or surface treatments [26] might suppress the kink by relaxing
Fermi level pinning [3], [4]. Similarly, the two-dimensional ef-
fects discussed above help us to understand why the kink in-
creases with the width of the recess—pinning will only occur
in the region where the InGaAs cap is removed; the longer this
region is, the closer the device comes to the simplified model
presented above.

III. EQUIVALENT CIRCUIT MODEL

Using the picture presented above, we have formulated
a simple, physically-based equivalent circuit that uses three
bias-independent parameters to model both the transient and
DC behavior of the kink, shown in Fig. 2. The model includes
a current source, which represents the hole pileup provided by
impact ionization. The current source feeds a parallel diode and
capacitor, which represent the charging of the surface and/or
buffer-substrate interface states by the hole current. Finally, a
dependent voltage source in series with the source is controlled
by the voltage across the capacitor; this voltage represents

Fig. 2. Proposed large-signal transient kink equivalent circuit model. The
model consists of an impact ionization current source, a channel diode with
unity saturation current, and a capacitance. Three fitting parameters are needed:
A andB in the impact ionization current source, andC , which relates to the
capacitance of the channel with respect to the surface and the substrate. Also
included (in gray) is a bias-independent photogeneration current,I , which
describes the illumination dependence of the kink, as discussed in the text.

the change in channel potential, and thus the additional drive
provided by the hole pile-up.

The bias dependence of the current source is determined ac-
cording to the classical description of impact ionization. At a
given temperature the ionization rate is proportional to the ex-
ponential of the inverse of the field in the high field region, as we
have verified with the sidegate measurement [17], [30]. Further-
more, we expect that the number of excess holes in the extrinsic
source to be directly proportional to the amount of impact ion-
ization. Thus, the current source representing the holes is given
by

-
(3)

where and are temperature-dependent constants.
To minimize the number of fitting parameters, the diode is

given a saturation current of unity ( mA/mm). The final
parameter is the normalized channel-surface/channel-substrate
capacitance, . It is worthwhile noting thatthe absolute magni-
tudes of and haveno physical meaning, since they are only
measured with respect to the arbitrary choice of 1 mA/mm for
the diode saturation current.

Note that this equivalent circuit ignores the 2-D issues men-
tioned above. To include such effects, one could make the de-
pendent voltage source proportional to, rather than equal to, the
voltage across the capacitor. However, we have found that the
addition of another fitting parameter to account for such effects
is not necessary, as adjustment ofprovides sufficient flexi-
bility to account for such effects.

It must be emphasized that the form of this model is almost
identical to that of SOI models [29]. This should not be sur-
prising, given that in both cases the kink results from similar
physics—impact ionization, hole accumulation, and a Boltz-
mann-type relationship relating potential to hole accumulation.
It is important to note, though, that the detailed physical ori-
gins of the kink in the two models are significantly different—in
partially-depleted SOI, the kink arises from forward biasing the
source-body junction [29], whereas in this model, the kink is a
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result of hole accumulation in the extrinsic source and the en-
suing modification of the channel potential and electron concen-
tration beneath the source end of the gate. While this difference
has no impact on the form of the model, it is an important con-
sideration when one attempts to engineer away the kink—if the
kink is due to a floating body effect, one might try to suppress it
by introducing an additional barrier in the valence band beneath
the channel, or by increasing the resistivity of the buffer. On the
other hand, if hole pile-up in the extrinsic source causes the kink,
approaches such as passivating the surface in the source gate re-
gion (thereby relaxing Fermi level pinning) or introducing a hole
barrier in the insulator might be more appropriate.

IV. RESULTS

In order to test our model we have used lattice-matched,
MBE-grown, HEMT’s fabricated at MIT as a vehicle for this
study [16], [18]. We examine devices with relatively long
gate lengths ( m to m). Due to the
high aspect ratio of these devices, no significant short channel
effects are observed, and the kink is expected to be relatively
uncontaminated by such nonidealities. Indeed, no substantial
change in the qualitative behavior of the kink is observed
between m and m. As we discuss later,
we believe our conclusions hold for shorter gate length devices
as well, although performing the analysis in the presence of
short channel effects is substantially more challenging.

For comparison of the model with our experiments, we have
extracted the pre-kink current, and kink current, , as
follows. For a given value of is defined as at the
point of minimum output conductance. Once is determined,

is simply given by

(4)

Note that this definitionassumesthat the output conductance in
the saturation regime is purely kink-related; in shorter devices,
one would have to include a short-channel term as well.

A. DC Behavior

Before considering the detailed results of the equivalent cir-
cuit, we undertake a simple first-order analysis of our model, to
demonstrate the consistency of the model with previously ob-
served kink behaviors. We note first that at dc, from (1)–(3), the
kink current can be described by the function

-
(5)

Thus, when the hole accumulation is large with respect to the
pre-kink hole concentration, the exponential term dominates, so
that at large values,

-
(6)

To examine this behavior, we plot in Fig. 3 the magnitude of
the kink versus . Here we have measured
the kink at low temperature, since the more pronounced low
temperature kink facilitates more accurate extraction. As can
be seen, the kink exhibits the expected linear dependence on

Fig. 3. Low temperature (T = 100 K) kink magnitude versus1=(V �

V - ). Note the linear behavior for allV values.L = 0:8 �m.

Fig. 4. Comparison of the kink current,�I , with the kink predicted by the
sidegate current.L = 2 �m,T = 280 K.

for all values. Indeed, as we show in
the following sections, (5) does a good job of describing the dc
behavior of the kink in terms of output characteristics and output
conductance for a wide variety of bias conditions.

The direct relationship between the sidegate current and im-
pact ionization generation rate [30] implies that the kink should
be predicted by the sidegate current. In particular,

(7)

with a bias-independent constant that scales the sidegate cur-
rent. In order to test this, we have simultaneously measured the
kink and the sidegate current. Fig. 4 compares the kink predicted
by the sidegate current in this model with the measured kink cur-
rent; as can be seen, the agreement is excellent. Note that only
a single, bias-independent value ofis used for the entire data
set.
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Fig. 5. Temperature dependence of the kink. Data is shown for 100 K, 280
K, and 350 K. The “pre-kink” drain current,I , and kink magnitude,�I ,
are shown for the low-temperature data. Note that since the threshold voltage
varies with temperature, it is not appropriate to compare the current magnitudes
at different temperatures—one should compare�I instead. Also shown
are results of the dc model, using different values ofA andB at different
temperatures.

B. Temperature Dependence

Before considering the detailed dynamic behavior of the kink,
we briefly examine the kink's behavior as a function of temper-
ature, summarized in Fig. 5. Devices were measured between
100 K and 350 K. As has been previously observed [9], [31], the
kink becomes more sharply defined at low temperatures, and al-
most disappears at high temperatures, but the qualitative shape
and the bias dependence of the kink do not change with temper-
ature (in this figure, the change in the pre-kink current for low

is due to a shift in with temperature). This leads us to
believe that the underlying physics of the kink is the same at low
temperature as at high temperature.

Supporting this conclusion is the fact that at the equivalent
circuit model describes the dc behavior well over a wide range
of temperatures through appropriate choices ofand . In gen-
eral, modeling the kink at lower temperatures calls for using
higher values of , due to the strong temperature dependence
of the background hole concentration,, as well as the tem-
perature dependence of impact ionization in InGaAs [32].

C. Transient Behavior

The transient behavior of the kink is also consistent with our
model. Fig. 6 plots the measured and predicted large signal tran-
sient behavior of the kink. These measurements were performed
using a carefully designed pulsed current–voltage (I-V) setup on
an MBE-grown InAlAs/InGaAs single heterostructure HEMT
with m [18]. The measurement consists of pulsing
the device from the off-state to the on-state along a 50load
line, and measuring the resulting terminal voltages and currents
as a function of time. The figure shows the resulting output char-
acteristics at three times (8 nsec, 60 ns, and 20s). As can be

Fig. 6. PulsedI–V curves measured at three different times. No kink is seen
when the device is first turned on. The kink current,�I , turns on fastest at
high values ofV . Also shown are results from the equivalent circuit model
shown in Fig. 1. Only three bias-independent constants are required to fit the
kink for all the times considered.

seen, on short time scales the kink is almost nonexistent; it then
builds first at higher drain voltages, and finally at lower drain
voltages. This behavior is consistent with reports that the kink
does not appear in high-frequency small signal measurements of
output conductance [31]. As can be seen, the output character-
istics predicted by the model agree closely with those measured
throughout the measured domain, capturing both the initial rise
of the kink at high , and its subsequent saturation. Partic-
ularly important to note is the fact that even relatively close to
threshold, ( mA/mm), the kink is significant. Such an
effect is predicted by the equivalent circuit model.

To more rigorously test the model, we plot in Fig. 7 the kink
output conductance, defined as the derivative of the predicted
kink current with respect to the drain-source voltage, together
with the actual output conductance for this device, measured at
these three different times. Note that no other source of output
conductance has been introduced in the model. As can be seen,
the measured output conductance exhibits a strong time-depen-
dent dispersion; similar effects have previously been attributed
to traps [9]. The hole pile-up model accurately follows this dis-
persion in , without appealing to any particular trap charac-
teristics (other than Fermi level pinning). Indeed, the model pre-
dicts throughout the saturation region.

A final test of the model's dynamic behavior is to examine
the kink as a function of time (Fig. 8). Here we have plotted the
extracted kink current (following the extraction method above)
and the modeled kink current for different combinations of
and . As can be seen, the model works very well, predicting
the shape, magnitude, and timing of the transient kink both at
larger drain voltages, where the kink is a relatively fast phenom-
enon, and at smaller drain voltages, where the kink rises much
more slowly. Indeed, the model now explains the previously ob-
served dependence of kink rise time on impact ionization rate
[18]. We believe that the slow transient in thes range may be
due to self-heating.
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Fig. 7. Measured and modeled output conductance fort = 8 ns,t = 60 ns,
andt = 20� s. Different lines correspond to different values ofV . T = K.

D. Illumination

Recent work on the kink has focused in part on its illumi-
nation dependence [19], [1], [2]. The kink is known to be sup-
pressed when the device is illuminated, as shown in Fig. 9. Here
we have measured one of our device's output characteristics
and transfer characteristics under different levels of illumination
with white light at 220 K, where the kink is better defined.
As can be seen, under illumination the kink weakens. Further

Fig. 8. Kink current as a function of time for different bias conditions, with
predictions of the model. At each value ofV , data is displayed forV =

1:1 V; 1:6 V, and2:1 V. As in Figs. 6 and 7,A = 1; B = 4 V, andC =

7 �F/m.T =300 K.

Fig. 9. Output characteristics measured with different levels of illumination
(T = 220 K). The kink disappears as light intensity is increased.

more,the pre-kink current rises under illumination, while the
post-kink current changes very little. This effect has been at-
tributed both to photon-induced emptying of trap levels [1],
as well as changes in the pre-kink hole concentration due to
photo-generation [19], [2].

Our model predicts that such optically-generated holes will
haveexactly the same effect as holes generated by impact ion-
ization—they will accumulate in the extrinsic source, and grad-
ually modify the potential of the channel, yielding a threshold
voltage shift as well as a small decrease in the source resistance
as suggested by Suemitsu [3], [4]. In order to examine this, we
plot in Fig. 10 the pre-kink ( V) transconductance
as a function of illumination intensity. As can be seen, there is
indeed a shift in the pre-kink threshold voltage, as well as a pos-
sible drop in .
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Fig. 10. Pre-kink (V = 0:5 V) transfer characteristics with and without
illumination. Under illumination, the device exhibits a threshold voltage shift
and reduction in source resistance consistent with increased hole concentration
in the extrinsic source.T =220 K.

Fig. 11. Shift in pre-kinkV as a function of optical generation rate, as
determined by reverse gate current. The device exhibits aV shift that is
logarithmic in the number of optically generated holes.T =220 K.

According to the model, the shift should be logarithmic in
the number of excess holes. Thus, under illumination, we expect

(8)

where is the optical generation rate and is a constant
relating the generation rate to the hole concentration in the ex-
trinsic source.

To clarify this dependence, we have determined the relative
optical generation rate in the device by measuring the difference
between the reverse gate current at V under illu-
mination and the dark reverse gate current under the same bias
condition. This measurement was performed at the same time
as the transfer characteristics; the change in gate current is as-
sumed to be directly proportional to the change in the generation

Fig. 12. Measured and modeled output conductance with and without
illumination. Under illumination, the model explains the output conductance
using the same fitting parameters with the addition of a bias-independent hole
generation term.T =220 K.

rate. Fig. 11 uses the results of these measurements to plot the
change in the threshold voltage as a function of the optical gen-
eration rate. As can be seen, the shift in is well-described
by (8). Recently Takanashi et al. have reported similar results
by measuring the threshold voltage shift as a function of optical
power using a monochromatic light source [2].

Given these results, it should be possible to model the kink
both with and without illumination simply by adding a bias-in-
dependent current generator to our equivalent circuit model (see
Fig. 1), where the value of the current is proportional to the op-
tical generation rate. Fig. 12 plots the measured and modeled
output conductance for both dark and relatively high-intensity
illumination. Impressively, the addition of such a circuit element
allows us to model both the light and dark kink output conduc-
tanceusing identical impact ionization parameters; the only pa-
rameter that is changed is the bias-independent optical genera-
tion rate.

E. Short Gate Lengths

Although our model appears to work well at the long gate
lengths considered here, it is important to address the issue of
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Fig. 13. Output characteristics for InAlAs/InGaAs double heterostructure
HEMT with short gate length (L = 0:2�m). Note the apparent disappearance
of the kink at highV values.

Fig. 14. Comparison of model predictions for output conductance with
measured output conductance for device shown in Fig. 13.

portability to state-of-the-art, deep submicron gate length de-
vices. Indeed, at shorter gate lengths, the kink appears more
complicated. Fig. 13 plots a typical output characteristic for a
state-of-the-art industrial HEMT with m. As can
be seen, the kink is present at lower drain current, but seems
to disappear as becomes more positive. Such behavior is
found in many reported devices, and at first glance may seem
inconsistent with the model presented here. However, compar-
ison of the measured output conductance and the predicted kink
output conductance (Fig. 14) for this device demonstrates that
the kink may, in fact, be a major source of output conductance
throughout the device's range of operation. The model accu-
rately predicts the location and magnitude of the peaks in
for lower values; as increases, the model continues to
predict the qualitative behavior of the kink well, but appears to

underestimate the total output conductance by a constant. This is
not surprising, as one would expect short channel effects to play
a significant role in this device. Finally, at positive values,
the peak in is apparently obscured by the transition from the
linear region to the saturation region, but the behavior ofstill
appears consistent with acombinationof the kink effect and
short channel effects. This suggests that in state-of-the-art de-
vices, the kink may in fact be a major source of output conduc-
tance even at positive values, but is not visible on the output
characteristics because of the soft transition from the linear re-
gion to the saturation region.

V. SUMMARY AND CONCLUSIONS

We have presented a new model for the kink effect in In-
AlAs/InGaAs HEMTS. Our model suggests that the kink arises
from a process in which impact ionization generated holes travel
from the drain-gate region through the intrinsic device and pile
up in the extrinsic source. This hole pileup leads to a hole current
to the surface and/or the buffer-substrate interface, which in turn
changes the charge in these locations. As a result, the channel
potential and electron concentration are raised, resulting in a
shift in threshold voltage and extra gate drive to the transistor.

Our model leads to a simple equivalent circuit model descrip-
tion of the kink effect in these devices and in state-of-the-art
deep submicron HEMT’s. The model includes transient effects,
uses only three bias-independent parameters, and works well for
a wide range of biases and time scales. The model also helps
explain the kink's structural, illumination, and temperature de-
pendencies.
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