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Abstract. The study of electron transport in low-dimensional systems is of importance, not only from a
fundamental point of view, but also for future electronic and spintronic devices. In this context heterostruc-
tures containing a two-dimensional electron gas (2DEG) are a key technology. In particular GaAs/AlGaAs
heterostructures, with a 2DEG at typically 100 nm below the surface, are widely studied. In order to explore
electron transport in such systems, low-resistance ohmic contacts are required that connect the 2DEG to
macroscopic measurement leads at the surface. Here we report on designing and measuring a dedicated device
for unraveling the various resistance contributions in such contacts, which include pristine 2DEG series resis-
tance, the 2DEG resistance under a contact, the contact resistance itself, and the influence of pressing a
bonding wire onto a contact. We also report here a recipe for contacts with very low resistance values that
remain below 10 €2 for annealing times between 20 and 350 s, hence providing the flexibility to use this method
for materials with different 2DEG depths. The type of heating, temperature ramp rate and gas forming used
for annealing is found to strongly influence the annealing process and hence the quality of the resulting

contacts.

1 Introduction

The two-dimensional electron gas (2DEG) is of interest
for the study of low-dimensional systems, and high-
mobility 2DEGs can be realized in epitaxially grown
GaAs/Al,Gaj_, As heterostructures [1,2]. For performing
electrical transport experiments on these systems ohmic
contacts to the 2DEG are very important, and these can
be realized by annealing samples after a metal alloy has
been deposited on the surface at the intended contact
areas. Commonly, an alloy consisting of AuGe/Ni/Au
is used [3]. The AuGe thin film contacts are recently
studied and proposed as potential candidates for study-
ing thermoelectric applications on the thin organic layers
or molecular junctions as well [4]. The annealing times
and temperatures that give the lowest contact-resistance
values are different for different 2DEG depths. In our
previous work [5,6] we optimized such a recipe for anneal-
ing in a glass-tube oven. For the study presented here,
we used different annealing conditions, namely anneal-
ing in a Rapid Thermal Annealer (RTA). Annealing
with the RTA gave low contact resistance values for a
very wide range of annealing times at a fixed annealing
temperature. These results are attributed to the exact
heating profile as a function of time during annealing,
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and the process that we followed for cleaning the sam-
ples. We already applied our recipes for ohmic contacts
in our studies of quantum point contacts on a 2DEG
system [7,8].

The AuGe/Ni/Au material was first used by [9] to make
an ohmic contact to n-GaAs in 1967. Subsequent studies
aimed at improving such contacts and understanding the
annealing mechanisms [10-24]. Later on, with the increas-
ing importance of the 2DEG in a GaAs/Al,Ga;_,As
heterostructure, research focussed on making ohmic con-
tacts to the buried 2DEG [25-33]. Despite these extensive
studies, a model was missing that could predict the opti-
mal annealing times and temperatures for different depths
of the 2DEG. In our previous work we developed such a
model [5,6]. In order to understand the annealing mecha-
nism further, we studied the contact-resistance values as
a function of circumference and area of the ohmic con-
tacts. However, no clear dependence on circumference or
area was found [5,6], in part because of lack of informa-
tion on whether the 2DEG square resistance under an
ohmic contact changes during the annealing with respect
to the square resistance of pristine 2DEG. In addition, it
was unknown whether pressing a bonding wire on a con-
tact influences the resistance, as it can possibly rupture
the ohmic contact layer over a significant area. Here we
report on studying these questions. We designed a dedi-
cated device structure that allowed us to study the contact
resistance with various resistance contributions in more
detail, and with different measurement methods (3-point
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Fig. 1. Temperature of a thermocouple in close contact with the sample as a function of time during the annealing process in the

glass-tube furnace (a) and rapid thermal annealer (RTA) (b).

measurement, 4-point measurement and the Transmission
Line Method (TLM) [34-36]).

All the results presented in this paper are from sam-
ples annealed in a rapid thermal annealer (RTA), unlike
our previous work where the hot gas flow in a glass-tube
furnace was used for annealing the samples. We used the
ultrasonic bonding techniques for all the wires bond in
this work as well as in our previous work [5]. In the
present study we focused on changes in the mentioned
contact resistance contributions as a function of anneal-
ing time (at fixed annealing temperature and depth of the
2DEG). Because of the very low resistance values that we
have found in all the case for annealing times between
20 and 350s, we could not draw strong conclusions on
the contribution and effect of different resistance values.
Nevertheless our proposed design could be used to fur-
ther unravel different resistance contributions in the ohmic
contact values. The robust recipe could also be used for
annealing to a variety of GaAs/AlGaAs heterostructures
with various 2DEG depths.

2 Experimental details

For the present study we used two different wafers, one
with the 2DEG at 60 nm depth (wafer I, purchased from
Sumitomo Electric Industries, Inc.) and the other with the
2DEG at 180 nm depth (wafer II, grown by our team in
Bochum). Unless mentioned otherwise, we present results
of devices that were fabricated with wafer I. The study of
devices from wafer II were less extensive but we will men-
tion the results that are relevant. All the measurements
were performed in a liquid helium vessel at 4.2 K.

Wafer T was a GaAs/Aly27Gap73As heterostructure.
The layer sequence of the heterostructure was as fol-
lows (top to bottom): a 5 nm n-GaAs cap, 40 nm
Alp.27Gag.73As n-doped with Si at 2.0 x 10'® cm™3, a
15 nm nominally intrinsic Aly 27Gag.73As spacer layer, and
a 800 nm GaAs layer. The 2DEG is located at the interface

of the AlGaAs spacer layer and the next GaAs layer. The
2DEG density and mobility at 4.2 K were nap = 3.30 x
10* m~=2 and pop = 19.8 m?/Vs, respectively. Wafer 11
was a similar GaAs/Alg 35Gag ¢5As heterostructure with
the layer sequence (top to bottom): a 5 nm n-GaAs
cap, 70nm Aly35Gaggs, 70nm Alg 35Gag.gsAs n-doped
with Si at ~1.0 x 108 Cmfs, 35 nm Alg.35Gag.gsAs,
and 650 nm GaAs. It had nep = 1.93 x 10 m~2 and
pep = 33.3 m?/Vs.

Several cleaning steps during ohmic contact fabrication
are very important for getting low-resistance ohmic con-
tacts. The cleaning process is done before starting the
ohmic contact fabrication. The samples are first cleaned
in acetone, and then in iso-propyl-alcohol, while keeping
the sample in an ultrasonic bath on a low power. The
samples are then visually inspected and only samples that
appear fully clean are used. We observed that contam-
inated samples show high resistance values and results
that cannot be reproduced.

The size of the ohmic contacts was 200 by 200 ym?
and they were patterned with electron-beam lithography.
For the ohmic contacts, layers of AuGe in eutectic-
composition (12 wt% Ge, 150 nm), Ni (30 nm) and Au
(20 nm) were deposited subsequently by electron-beam
evaporation. The contacts were annealed at 450 °C in the
rapid thermal annealer (RTA, model Jipelec Jet 150) for
various times. Annealing took place in a clean Ny flow
(600 sccm) to avoid oxidation and material vapors adher-
ing back onto the sample. During annealing the functional
sample surface was directly facing the RTA heating lamps.

The annealing temperature profiles for the glass-tube
oven (used in our previous work [5]) and the RTA are
shown in Figures la and 1b. For the glass-tube oven, the
sample is brought into a pre-heated oven and the tem-
perature rise of the sample holder to the AuGe-eutectic
temperature (363°C) takes a few minutes (not easily
controllable). For the RTA, on the other hand, the tem-
perature ramp rate can be controlled and the time for
reaching the set temperature was set at the much shorter
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Fig. 2. Optical microscope image of a device showing etched mesa regions and deposited contacts. The shallow part of the mesa
is wet-etched at places where the design requires a boundary to a 2DEG region. The ohmic contacts and metal pads (all 200 by
200 um2) are deposited and annealed on 2DEG and etched surface respectively so that the latter are separated from the 2DEG.

(but for RTA heating typical) value of 5 s. This is started
with the sample already in the oven. The black and light
gray lines in Figure 1b are for the set temperature and
the actual temperature as measured by the thermocouple
attached to the surface where sample is placed for anneal-
ing. All the results presented in this paper are for samples
annealed in the RTA.

The heating sources in the RTA are the halogen lamps
that transmit radiation through a quartz window above
the sample surface. The sample is placed on a Si base plate
and a thermocouple is attached to this plate for measuring
the annealing temperature during the process. The flow of
Ny gas is maintained during the entire annealing process
and cool down.

3 Device design, measurement schemes and
methods

We designed a dedicated device structure for being able to
study the different contact-resistance contributions with
different measurement methods. An optical image of a
fabricated device is shown in Figure 2. A 200 pym wide
2DEG channel is defined (U-shaped) by wet etching such
that a homogeneous current flow can be applied through
the defined strip. Different parts of the devices are labeled.
The ohmic contacts are realized on top of the channel as
well as on the sides of the channel. The available distances
L; (defined as in Fig. 4a) between the contacts on top of
the channel are 40, 260, 460, 660, and 860 um. The effect
of annealing times on the pristine 2DEG square resistance,
on the full contact resistance and 2DEG square resistance
under ohmic contacts are determined using the ohmic con-
tacts deposited on top of the 2DEG channel. The ohmic
contacts deposited on the sides are connected to the 2DEG
channel via narrow 2DEG strips (20 ym wide) and serve
as voltage probes (used when measuring the resistance

EOEOON(

Fig. 3. Color scheme to highlight different parts of the device.
The U-shaped blue part is a 200 yum wide 2DEG channel. The
red squares are ohmic contacts on top of the main 2DEG channel
and the yellow squares are ohmic contacts on the side of the
channel that only serve as voltage probes. The dark blue squares
are metal contact pads on etched wafer areas (all contacts are
200 by 200 pm?).

of the contacts, the resistance of pristine 2DEG and the
resistance of 2DEG under contacts). Metal pads and metal
inter-connects between pads are deposited on etched parts
of the device. These metal pads are connected to the ohmic
contacts via metal inter-connects and used for measuring
the ohmic contact resistances without directly bonding on
the ohmic contacts themselves (the resistance contribu-
tions from metal pads and inter-connects are subtracted
in this case). By comparing values measured with this
bonding scheme to a subsequent measurement with bond-
ing directly on top of the ohmic contacts, the influence of
pressing a bonding wire on an ohmic contact can be deter-
mined. The color scheme in Figure 3 further illustrates the
various device parts more clearly. The long 2DEG channel
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Fig. 4. Transmission Line Method (TLM) measurement scheme.
(a) Ohmic contacts are made over the full width of a 2DEG strip
with increasing distance L; between adjacent contacts. A 4-point
measurement is used for determining the resistance Riotqr for
each segment. (b) A side view on a contact showing the various
resistance contributions (see main text for details). (¢) A circuit
diagram for the 4-point scheme with the resistance contribu-
tions from panel (b). (d) A schematic plot of TLM measurement
results (see main text for details).

is shown with a light blue color. The ohmic contacts are
shown as crossed color squares, with contacts on top of
the 2DEG channel in red and side contacts in yellow.
The metal pads on etched regions are shown as dark blue
squares.

Figures 4 and 5 show the various measurement schemes
that we applied in this study. We first explain the Trans-
mission Line Method (TLM) before explaining the other
measurement schemes. The TLM method [34-36] is a
very accurate method for measuring the values of pristine
2DEG square resistance and ohmic-contact resistance,
and is widely used in research on ohmic contacts. Fig-
ure 4 shows how the TLM method works. The contacts
are made on a 2DEG strip with an increasing distance
between pairs of adjacent contacts (Fig. 4a). The width
of the contact and channel is labeled as W. For resistance
measurements a four point current-biased scheme is used
(Fig. 4a). This measurement is carried out for all the con-
secutive contact pairs. Figure 4b shows a schematic of a
side view on one of the contacts and the resistance contri-
butions that play a role. The resistance contributions are
R, (probe resistance), R,. (probe-to-contact resistance),
R. (actual contact resistance between metal pad on the
surface and 2DEG) and R, (2DEG resistance of the
channel between the contacts). Figure 4c shows the cor-
responding circuit diagram for the complete four-probe
scheme. Since the probe (R,) and the probe-to-contact
resistances (R,.) are negligible as compared to the input
resistance of the voltmeter they can be neglected. The

Fig. 5. Various measurement schemes illustrated with colored
contacts as in Figure 3. (a) The scheme to measure the pris-
tine 2DEG resistance. (b) The scheme to measure the 2DEG
resistance under an ohmic contact. (c) The 3-point measure-
ment scheme for measuring the resistance of an ohmic contact
without a bonding wire directly on top of the measured contact
(circled in this case). The bonding wire is here on a metal side
pad that is connected to the surface metallization of the mea-
sured ohmic contact via a narrow metal inter-connect. (d) The
3-point measurement scheme for measuring the resistance of an
ohmic contact with bonding directly on top of the measured
contact.

total resistance measured between pairs of consecutive
contacts is then

Rtotal = 2Rc + Rch = V/Ia (1)

The plot in Figure 4d illustrates how to extract the
contact and 2DEG square resistance values from the
TLM data. The R;otq; values are plotted as a func-
tion of the channel length. The resistance contribution
R.j, increases linearly with increasing channel length and
R0t shows a linear dependence with an offset from zero
that is equal to 2R.. A linear fit to the data points can
thus be used to obtain R.. In addition, the slope of the
Riota provides an accurate measure for the square resis-
tance Ro of pristine 2DEG (2DEG between contacts).
Using that R., = RgL;/W this can be expressed as
Rg = R, W/ Ly, where the transfer length Ly is defined
using the intercept at zero resistance for the linear trend
(see Fig. 4d). Our experiment indeed only gave results
with a linear dependence of R;oiq; On L.

We used an extended TLM scheme with first measure-
ments that used bonding on the metal side pads (not
shown in Fig. 4) and subsequently measurements that
used bonding directly on top of the ohmic contacts (as
in Fig. 4) to investigate the influence of pressing a bond-
ing wire on an ohmic contact. Column 6 and 7 in Table 1
show the contact resistance values measured by the TLM
method with bonding wires on metal side pads and ohmic
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Table 1. The different resistance values for different annealing times. Row 3 list the figures with the corresponding
measurement schemes. Column 2 and 3 are for the 2DEG square resistance and 2DEG square resistance under the
contacts, respectively. Column 4 and 5 are for the contact resistance measured by the 3-point method with the bonding
wires on side pads and the ohmic contacts, respectively. Column 6 and 7 report the contact resistance as determined
with the TLM method, with the bonding wires on side pads and the ohmic contacts, respectively.

1 2 3 4 5 6 7

ta (SEC) RD(Q) RD,belowC (Q) Rc,Spfpad(Q) Rc,3p70hm(Q) RC,TLprad(Q) RC,TLM*Ohm (Q)
- Figure 5a Figure 5b Figure 5¢ Figure 5d Figure 4 Figure 4

20 1991 +£1.07 225+£1.18 8.60+0.75 4.49+0.36 9.18+4.5 0.41+34

50 19.61+1.56 3.004+0.30 5.294+1.19 4.00£0.28 6.28 +2.86 1.24+1.13

100 19.50+0.60 3.17+£1.55 9.04+0.62 4.47+0.45 9.77+0.80 2.38+0.41

350 20.774+0.39 3.78+0.38 7.76 +1.02 4.44+0.37 Not measured 2.304+0.30

contacts, respectively. We observe here R, values that
are significantly lower for the case with bonding directly
on the ohmic contacts. However, while TLM results give
accurate results for R, it is not possible to use it con-
ventionally for measuring the 2DEG resistance under
an ohmic contact. It also does not give information on
where inside a contact the contributions to contact resis-
tance arise, while such information is required for detailed
understanding of the annealing mechanism, and under-
standing the differences between the results in column 6
and 7 in Table 1.

We now discuss other measurement schemes that we
applied for determining the various resistance contribu-
tions. For a first round of measurements (this order was
carried out in parallel with the TLM measurements) bond-
ing wires were pressed on the side ohmic contacts. Two
ohmic contacts on top of the 2DEG channel are used
for injecting current into the channel (Figs. 5a, 5b). The
voltage drop across a known length of pristine 2DEG
channel or 2DEG under an ohmic contacts can then be
measured with the voltage probes. The measured values
R (square resistance of pristine 2DEG, no significant
deviations from the TLM values) and RO pejowc (square
resistance of 2DEG below an ohmic contact) are shown in
column 2 and 3 of the Table 1, respectively.

For a second round of measurements, two bonding wires
were pressed onto each metal side pad that connects to
the metal layer of an ohmic contact on top of the channel
(Fig. 5¢). The resistance contributions from the metal
side pads and metal inter-connects (measured on each
sample, typically 10 Q) were measured separately and
are subtracted. This measurement scheme directly gives
values for the total contact resistance of contacts, which
are denoted as R;3p—peq and are shown in column 4 of
Table 1.

A third round of measurements was carried out as in
Figure 5d. This scheme gives directly a value for the
total contact resistance of contacts with the bonding wires
pressed directly on top of the contact that is measured.
The results are denoted as R 3,—onm and are shown in col-
umn 5 of Table 1. We used ultrasonic bonding technique
for all the wire bonds in this work.

All the resistance values measured with various schemes
are thus collected in Table 1 for different annealing times.
The reported values are average of (in most cases) 5 con-
tacts. The reported error margins for column 2 to 5 are the
standard deviations of these results. For column 6 and 7,

the standard error values obtained from fitting the linear
trend are shown.

4 Results and discussions

Table 1 thus lists all the measured resistance values that
were introduced. We used in total 4 bonding steps on each
device to perform the subsequent measurements (in part
because of a limited number of measurement wires in the
setup). The order of the measurements was the following:
(4) Column 2 and 3; (¥) Column 6; (i) Column 4; (iv)
Column 5 and 7.

The 2DEG resistance under the ohmic contacts is by
about a factor 6 lower than the resistance of the pristine
2DEG (columns 2 and 3). This occurs for all annealing
times. A previous study on ohmic contacts by [33] and
our results [5] show that upon annealing Germanium dif-
fuses from the surface towards 2DEG, and this increases
n-doping near the 2DEG. While this can reduce the mobil-
ity in this region, the effective 2DEG square resistance
apparently decrease due to the higher doping level. The
resistance values are in the optimum lower limit for all
the annealing times that we studied (20-350s). This could
suggests that Ge diffuses to 2DEG region already for short
annealing times. Other studies also suggest that there is
a range of annealing temperatures and times when the
contact resistance almost remains constant [37].

Columns 4 to 7 in Table 1 show the contact resistance
values as measured with different measurement schemes.
The results show significant differences, that we can partly
explain and which provide some insight in the differ-
ent contributions to the contact resistance. As a starting
point of the discussion we use the values in column 7,
which is the TLM result for directly bonding on the ohmic
contacts. Column 5 lists the contact resistance values mea-
sured with the 3-point method with bonding directly on
the ohmic contact. Column 5 has values that are typi-
cally 3 Q higher than the values in column 7. This can
be explained by the fact that the result of column 5 con-
tains a series resistance contribution from a 30 ym wide
region of pristine 2DEG (from the distance between the
ohmic contact and the 2DEG voltage probe, this 2DEG
part is encircled in green in Fig. 5d). The expected resis-
tance contribution of this part is indeed ~3Q (using R
of column 2). This effect was also used for correcting the
values of R pejowc in column 3.
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Table 2. The contact resistance values as measured by the TLM method (column 7 in Tab. 1) represented in various
forms. Column 2 shows the measured value of the contact resistance. Columns 3, 4 and 5 show the same resistance
values but converted to a value that is normalized to the contact width (column 3), a value for the specific contact
resistance per contact area (column 4), and a bulk resistivity value for the material in the volume between the surface

metallization and the 2DEG layer.

1 2 3 4 5
ta (sec) Rerim—onm (Q) R, (Qmm) R (Qcm?) Pout ()
20 0.41+3.4 0.082 £0.68 1.64x107*+1.36x1073 0.27+2.26
50 1.24+1.13 0.2484+0.226 4.96x10"*+4.52x10~* 0.834+0.75
100 2.38 £0.41 0.476£0.82  9.52x107*+£1.64x10"* 1.59+0.27
350 2.3040.30 0.46 +0.06 9.2x107*£1.2x1074 1.5340.2
25 the annealing time (Cyan color in Fig. 6). Similarly the
resistance of the ohmic contacts also remains the same for
204 %‘%—E/i all the annealing times for the TLM data when wires are
—— bonded on top of the ohmic contacts (magenta color in
R .below C Fig. 6 and Columns 7 in Tab. 1). Due to the overall low
15 4 —m—Rc,3p_pad resistance values of the contacts and 2DEG, we can not
Rc,3p_ohm give a strong statement about the effect of 2DEG square
o —#—Rc_TLM_Pad resistance on the resistance of the contacts.
E 101 B g —=—Rc TLM Ohm Our results do not allow for more detailed conclusions
1 \; / E on the various contributions to the contact resistance or
51 | on the annealing mechanism. The reason is that the mea-
T sured contact resistance values were all much lower than
/% s " expected (given our earlier work [5]) and did not show
04 * considerable dependence on the annealing time. In addi-
tion, the possible effects of spreading resistance and small
series-resistance contributions are all on the scale of a few
-5 (') ' 5'0 ' 1(')0 ' 15'_)0 ' 2(')0 ' 2&|'>O ' 3(')0 ' 35'_)0 ' 400 Q, and these values are close to the total contact resis-

t, (sec)

Fig. 6. All the measured resistance values that are given in
Table 1 are plotted here. To make it convenient the legends and
labels for the different resistance values are similar as used in
Table 1.

Column 6 shows resistance values from the TLM
method with bonding on the side pad (note that 2 side
pads are involved) and these results are about 2 x 3 Q
higher than the values in column 7. Similarly, the results
of column 4 (3-point, bonding on pad, note that only 1
side pad is involved) are about 1 x 3 Q higher than the
values in column 5 (3-point, bonding on ohmic). Here we
must consider two possible explanations. The first is that
the act of pressing a bond wire on top of the ohmic con-
tact results in a lowering of the effective contact resistance
by about 3 €. The second possibility is that it results
from the fact that the metal side pads are only connected
to the surface metal of the ohmic-contact at one narrow
point. This can yield that on average the spreading resis-
tance inside the contact gives a contribution that is about
3 Q higher for the cases with bonding on the side pads.
Given that all our measurement results and the various
contributions are on the scale of only a few 2, we can
not distinguish these cases (we could rule out that it was
due to series resistance inside the metal side pad and its
inter-connect). The square resistance of 2DEG under the
contacts stays the same within error bars with increasing

tance values and their statistical variation. This rules out
that further analysis of our present results can give suffi-
cient accuracy for answering the questions that we aimed
to study.

At the same time, it is an interesting result that we
find very low contact-resistance values, and that the
values remain sufficiently low and constant within error
bars when changing the annealing time by a factor 18. In
addition, these contact resistance values are comparable
to the lowest reported values [28] for the similar 2DEG
systems. It is important to take into consideration the
depth of the 2DEG, doping of the capping layer and
the thickness of the buffer layer in order to compare
the different 2DEG systems as they all play a role in
determining the lowest contact resistance values. Table 2
provides different representations of the resistance values
that we obtained. These values are useful for a comparison
to values in the literature where authors present values
of contact resistance in various ways. When comparing
the literature one also needs to account for a dependence
on the depth of the 2DEG and the thickness of the buffer
layer. Our results on the wafer with the 2DEG at 180 nm
depth (instead of 60 nm) show indeed slightly higher
values, with for R.3p_pea = 15 Q. Also these samples
showed almost no dependence on annealing time (similar
results for 30 s and 550 s).

We have at this stage little insight why the fabrication
method that we used gives such low and optimal contact-
resistance values, while also being fairly robust against a
variation in annealing time. We have some initial results
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that point out that the variation of the heating profile as
a function of time during annealing is important. For the
experiments on the samples with the 2DEG at 180 nm
depth we compared results of annealing for 550 and 600 s
annealing times with 5 s RTA ramp time, to results for
550 s annealing time that started after a 120 s RTA ramp
time (similar to the glass-tube oven ). The samples of the
latter batch had contact resistance values that were twice
as high. A second important difference with our earlier
work [5] is that the glass-tube oven heats the sample in
a gas flow, while the RTA heats the sample by radiation.
This can influence the exact way the surface metallization
gets heated, and thereby have an influence on the
annealing mechanism. Finally, there is possibly a role for
having a suitable very clean Ny flow during annealing,
and a very clean sample surface before fabrication is
started (samples that appeared dirty upon inspection did
not yield results with low contact-resistance values).

We do not speculate which possible microscopic model
of the ohmic contact forming could be the most appro-
priate one. Our present work shows that it is certain
that the heterostructure right underneath the metalliza-
tion is completely degenerated, either homogeneously [5]
or in contact spikes [29,31]. In the first case, the contact
conductivity should be proportional to the circumference
length which we cannot check due to the fixed dimen-
sions in this study. In the latter case of contact spikes
it depends on their spacing: If they are closely packed,
the circumference should again determine the conductiv-
ity. If they are more apart, the area could be the leading
term. The transmission-electron-microscope studies of our
earlier work [5] did rule out a role for spike formation.
However, given the very different behavior of the anneal-
ing step we cannot conclude that this also holds for the
present study.

5 Conclusions

We developed a dedicated device to study and unravel
the various contributions to the resistance values of an
ohmic contact. We could show that the 2DEG resistance
under an ohmic contact gets lower upon annealing, and
that pressing a bonding wire onto an ohmic contact either
has little influence or only lowers it by a few . The
2DEG square resistance underneath the contact is sig-
nificantly lower than the pristine 2DEG square resistance.
We could not fully exploit the measurement possibilities of
our device design because we obtained very low contact-
resistance values when annealing times were varied from
20 to 350 s. Our measurements show that these results
can be obtained with rapid heating (5 s ramp time) dur-
ing annealing, and that slower ramp times cause higher
contact resistance values.
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