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Abstract—We present a systematic study of annealed ohmic
contacts and their effect on the performance of THz antennas.
Annealing of the ohmic contact causes a strong decrease in the
contact resistance and an enhancement of the electric field dis-
tribution inside the antenna structure. This doubles the output
power of the devices compared to conventional photoconduc-
tors with standard Schottky-type metallization fabricated on
an identical material.

I. INTRODUCTION AND BACKGROUND

For several years molecular-beam-epitaxial GaAs grown
at a low temperature has been known for its short subpi-
cosecond photocarrier trapping time and its acceptable high
carrier mobility. Therefore, this material is frequently used
for the fabrication of photonic devices such as photoconduc-
tive switches for the generation of ultrafast electrical
pulses', pulsed terahertz (THz) antennas for THz time-
domain spectroscopy’ and antennas for the generation and
detection of continuous wave THz radiation’. A lot of effort
has been put into achieving a high efficiency for the material
and the design of optimal geometries for the device struc-
tures®. However, further improvement of the performance of
LT GaAs-based photonic devices is expected by the optimi-
zation of the device contacts. For decades the properties of
metal contacts to III-V semiconductors has been intensively
studied’. From these studies it is well-known that a contact
metallization like Ti/Au, which creates Schottky-contacts on
conventional n-doped GaAs, shows ohmic behavior on LT-
GaAs even without annealing®. The annealing of contacts to
LT-GaAs is restricted to temperatures below 600°C, since
higher temperatures cause subsequent annealing and a dras-
tic change of the properties of the LT-GaAs material itself.
At temperatures below 600°C we did not observe a change
in the contact properties of the Ti/Au contact, which is in a
good agreement to the published data’.

The ohmic type AuGe-based contact was first used in
1964 by J.B.Gunn®, and its great success is mainly due to its
excellent contact properties on n-doped GaAs. In this letter,
we compare the properties of THz antennas made of LT
GaAs evaporated with ohmic type contacts (Ni/AuGe/Ni)
and conventional Schottky type (Ti/Au) contacts respective-
ly. We show that annealing of the ohmic type contact on
LT-GaAs leads to an enhanced emission from the antenna.
The performance improvement achieved by the use of
Ni/AuGe/Ni contacts is due to the penetration of the ohmic
contact region into the bulk of the LT GaAs layer. This be-
havior is similar to the behavior of such a contact on n-
doped GaAs and is in contrast to standard Schottky-like me-
tallization, where the ohmic contact is formed only on the
semiconductor surface.
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II. EXPERIMENTAL PROCEDURE

We deposited two types of metallic structures on an LT
GaAs substrate using a conventional photolithography and
lift-off technique. Annealed ohmic contacts were fabricated
using a Ni/AuGe/Ni/Au layer stack with 5/90/25/50 nm
thickness and subsequent annealing at 420°C for 90
seconds. For comparison, Schottky type metallization is
used to fabricate conventional non-annealed ohmic contacts
on LT-GaAs. Three antenna designs were produced: i) the
MSM structure with an area of 400 um? and with finger
width and spacing of 1 um and 1.5 um respectively ii) the
typical stripline-fed dipole structure with a photoconductive
gap of 5 pm and various dipole length between 20 and 100
pm and iii) a coplanar stripline (CPS) with a gap of 10 um.
The structures are used as emitter antennas and are gated
with a femtosecond laser or two-diode lasers for pulsed or
photomixing experiments respectively.

III. RESULTS

To confirm our experimental results we simulated the dis-
tribution of the electric field in the 5 um gap between the
100 um long dipole arms using a FEM (COMSOL) method
(Fig. 1). We assumed a region of higher conductivity (ochmic
type) under the metal contacts, whereas the Schottky type
antenna is modeled without this region. For the ohmic type
antenna (doted lines) we obtained a higher density of the
lines of force in comparison with the lines achieved for the
Schottky type antenna (solid lines).
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Fig. 1 a) FEM Simulation (COMSOL) of the lines of force between the two
electrodes with (ohmic type) and without (Schottky type) a region of higher
conductivity, where Y=0 is the metal-LT-GaAs interface

Thus, the electric field strength is at least 1.4 times higher
for the ohmic type contacts at a y position of 175 nm. We
note that this simulation is based on the model from E.R.
Brown’, where every point in the active volume of the an-



tenna is electrically neutral. Moreover, the spectral characte-
ristic of the THz emitters is verified with a microwave stu-
dio (CST) simulation of the antenna input impedance (Fig.
2b).

As an example we present the experimental results ob-
tained with the 100um dipole antenna used as a photomixer
(Fig. 2). We measured the amplitude of the electric field
(Fig 2a) at two different frequencies (125GHz, 290GHz)
using a coherent detection scheme, where a second photo-
conductive antenna is used as a detector. Both antennas are
excited by a Toptica DFB laser system (1 =850 nm). For
the ohmic type antenna (doted lines) we achieved a peak to
peak value which is 1.3 times greater than the value meas-
ured with the Schottky antenna (solid lines). To ensure a fair
comparison between the two types of antennas, we con-
firmed our data with measurements, where a Golay cell was
used as a detector (Fig 2b). Such a detector is easier to align
than the antenna in a coherent setup. The time domain data
and the spectrum of the CPS-antenna excited with a 20fs
Ti:sapphire laser for both the conventional Schottky type
electrodes and AuGe-based annealed ohmic contacts are
shown in Figure 3. The use of annealed ohmic contacts leads
to at least two times higher THz output power and a signifi-
cantly improved signal to noise ratio. The Schottky-type
antenna exhibits frequency components from 0.1 THz to 4.5
THz, whereas the ohmic type has components up to 6.5 THz
(Fig 3b).
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tion respectively. The antennas with ohmic type contacts
offer a higher output signal due to the improved contact
properties. Our experimental data were confirmed with an
FEM simulation, where we assumed a region of higher con-
ductivity below the contacts. The simulated data support the
experimental results
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Fig. 3 Data obtained from the coplanar strip lines pulsed with the femtose-
cond laser a) electric field of the pulses measured via coherent detection b)
spectral distribution obtained via Fourier transformation from the set of
time domain data.

V. ACKNOWLEDGEMENT

This work was supported in part by the European Com-
mission through the ProFIT programme of the Investitions-
bank Berlin and the Bundesministerium fiir Bildung und
Forschung (FKZ 13N9406). Nico Vieweg and Maik Schel-
ler acknowledge financial support from the Studienstiftung
des Deutschen Volkes and from the Braunschweig interna-
tional school of metrology.

Time (ps)

250 T T ——T— 1.2
E 200 -_ : r — — Simulation (Input impedance) o 1.0 E
o \ ,‘ 1 - Output power Schottky type =
g " " ) Output power ohmic type 408 =
® 150 | ' ] g
R od
2 I H06 8
© 100 . -
= =
£ 50F Jo2 ©

0 ¥ 0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Frequency (THz)

Fig. 2 Data obtained from the 100pum dipole structures used as photomix-
ers. a) electric field obtained via coherent detection b) spectral distribution
of the output power measured with the Golay cell and simulation of the
antenna input resistance

IV. CONCLUSION

In conclusion we have compared the performance of THz
photomixers and pulsed antennas evaporated with ohmic
type (Ni/AuGe/Ni/Au) and Schottky type (Ti/Au) metalliza-
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