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ABSTRACT. - A systematic study on ohmic contact formation to GaTc laycred
crystal grown by directional freezing method has been introduced. In this study the
Ladder nctwork (Transmission Line Mcthod, TLM) technique was used for the
measurement of specific contact resistance of ohmic contacts to GaTe. In, Au, Al,
Ag metals and Au-In eutectic alloy were uscd as contact element. Ladder pattern
formed directly on GaTe surfacc by evaporation of metals through a pre-patterned
shadow mask. With a controllablc thermal heat treatment proccss, the lowest ohmic
contact with 2.5+1.4x10”° Ohm/cm* was formed by In after annealing at 200 °C for
2.5 min. Ohmic contacts with that process rcmained very stable up to six months
although the other samples with higher contact resistance processed at 175-250 °C
for 2.5-14 min were unstable. X-ray diffraction measurements showed that
GalnTe, formation at In-GaTe interface cven prior to annealing process. The other
clements used in this study showed rectification behaviour after annealing at 175-
400 °C temperature range for 5 min.

1. INTRODUCTION

GaTe compound is one of the III-VI semiconductors which is a typical layered crystal.
The physical propertics of GaTe are highly anisotropic because of its monoclinic layered
structure. Insidc layers the bonding is largely covalent whereas bonding between laycrs in van
der Waals nature. In III-VI group the optical properties of GaSc have been extensively studied.
Instead of that, even the fundamental excitonic propertics of the similar GaTe have not been
known well [1]. Absorption measurements done by a group rescarchers [2-6] was used to get
the fundamental band cdge. Low temperature optical properties of GaTe is also given by the
studics of [7-10]. A general problem at that point is thc complicated crystal structure of GaTe.
In layered crystals, the main symmetry axis is perpendicular to the layer plane. However there is
no such symmetry axis in GaTe and only one twofold symmetry axis cxists in the direction
parallel to the b-axis in the layer planc.

The transport propertics of GaTe are by far less known than other laycred crystals. The
gathered information is the transport anisotropy [11], an acceptor level determination at 77 -
300 K range [12], Schottky barrier dctcrmination of Au, In, Ag and Al using X-ray
photoclectron spectroscopy [13] and 1-V, C-V measurements [ 14].

For the first time a systematic deep level study using DLTS is given by Shigetomi et al.
[15]. They showed that after anncaling at 200 °C and 400 °C, a mid gap level located at 0.82 eV
trap correlated to the annealing process.

The samples used in optical measurements such as photolumincscence, absorption or
Raman techniques do not require any process. Instead of that electrical measurements require
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contacts and at least one of the contacts must be in ohmic naturc, in gencral. One way and
most reliable method is to get a contact using an appropriatc mctal and carry out a thermal
heating cycle. In literature there is no specific ohmic contact process technology for GaTe.
Commonly indium is used as a mctal and a heating cycle at 200-250 °C for 30 min under the
nitrogen flow. Only ohmic contact forming of Au on GaTe at low voltages has been reported
[12]. In any casc lowest contact resistance and long term stability onc of thc important factor
for electrical characterisation of GaTe, especially at low temperatures.

2. EXPERIMENT

GaTe has been synthesised by melting cquimolar amounts of 6N gallium and 5N
tellurium in a carbon coated and sealed quartz tubc. A controllable heating proccdurc was
applied to loaded tubc and at 900 °C synthesising process was carried out. Directional freezing
method was uscd to crystallise the mixture in a two zone furnace. This growth procedure took
about 24 h for 30 gr. loading. The grown GaTe was p type and holc concentration was 10" -
10" cm™. The samples were preparcd by cleaving an ingot parallcl to the layer which was
approxlmatcly perpendicular to the c-axis. The samples uscd in this study was about 5x10x0.2
mm. To prevent any physical damage to the samplcs a maximum attention given from samplc
preparation to measurement stage.

Ladder network (TLM) technique for
measuring the specific contact resistance of
ohmic contacts to GaTe was used as given in
Figure 1. This method was originally proposcd
by Shockley (1964). A constant currcnt source
connected to two large-area ohmic contact and a
known current, 1, driven through the sample. Two
probes, connected to a high-impedance voltmeter
arc connected between one of the current pads
and with another probc the voltage drops at B,
2B, 3B ..are measured. That allows one to \

draw a potential against to position. In general Vs,

zero potential appear at somc distance L, A

(Transfer Length). Shockley (1964) has shown Vi

that the specific contact resistance, Re, is given

by L " N
B 2B 3B

R.=1lR Figurc 1. Ladder network pattern used for

where L, is the intercept and R is the slope specific contact measurement.( CS - Constant

of the graph of voltage against position in current source, V-high impedance voltmeter.)
: 16)
Figure 1. I

Since the lack of the photoprocess technology for GaTe the only way to form a ladder
pattern on GaTc sample is the usc of a shadow mask. For that purposes we have devcloped a
technology to producc shadow masks, Figurc 2. Firstly, we have created a sharp positive image
of pattern we intcnded to use. This pattern optically transferred by positive photoresist onto
copper film which was obtained on optically flat glass by vacuum cvaporation. After developing
pattern in devcloper, open areas ctched away in a diluted FeCls solution. Positive resist cleaned
from the surfacc by acetone and 20-30 um copper film dcposited on pattern using 75 mAcm
current density and 20 min period. These thick films easily peeled off from the glass substrate
and at final stage, a short nickel electrodeposition process carricd out to protect the copper film
from oxidation.

In, Au, Al, Ag and Au-In ( 38% In, 62% Au, eutectic temperaturc is 550 °C) alloy were
used for ohmic contact study. All metals were evaporated in 10 torr base pressure through the
prepatterncd shadow mask.
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The samples were anncaled in a

home madc miniature alloying furnacc 100 ~
under the N, gas flow. A test hcating i Test Temp. 400 °C
cycle is given in Figure 3. Annealing {= 2 min. P=0.5. I= 0.175. D= 4.0
temperature was 175 - 150 °C for In 0 - n}m,' e e S
based contacts. For other elements that 0 160 320 480 640
increascd up to 400 °C. Any ohmic Time (sec)
contact behaviour didn’t observed from
Au, Al, Ag and Au-In alloy up to 400 °C Figure 3. One hcating cycle with a

anncaling tempcrature. A  systematic
tendency was the decreasc in driven
current for the same applied voltages
with rectification..

predetermincd PID parameters. The applied
power to heater was 70% of available power
and heating rate was 2.7 °C/sec.

3. RESULTS AND DISCUSSION

The best ohmic contact was obtaincd from In-GaTe structures after annealing at 200 °C
for 2.5 min. A summary of specific ohmic contact values arc given Table 1 and graphical
peresentation is also given in Figurc 4. The stability of processed ohmic contacts is one of the
main object of a device rcliability. For that purpose a pcriodic measurcment was carricd out
through six months. We found that the samples processed at 200 °C for 2.5 min have very stablc
ohmic contact during the six months period. However thc contacts with different proccss
parameters get worse and worsc. Ohmic contact process is unavoidable for the electrical
characterisation. The results given by Shigetomi et al. [15] shows that thermal trcatment of
GaTe unintentially causing an increase in dccp level concentration located at midgap. That
means the optical and electrical properties of GaTe is changing during the annealing process
stage. The only way to avoid that phonemcna is to use lowest temperaturc with shortest time.

Table 1. Calculated specific ohmic contact resistances of In-GaTe contacts with different
process parameters.

Anncaling time (min)
Anncaling 215 5 75 10 14
Temperature (°C) R.(ohm.cm?)
175 6.6910.95E-4 | 3.86+0.48E-4 | 3.17+0.37E-4 | 3.30+0.6E-4 | 3.4611.01E-4
200 2.46%1.38E-5| 9.5740.29E-5 l.OliO.SXE-} 5.801+0.74E-4 | 1.15+0.39E-4
225 1.1140.01E-2 | 1.1240.05E-3 | 1.61+0.37E-3 | 3.84+1.48E-4 | 4.07510.82E-4
250 2.311+0.69E-4 | 1.20+0.05E-3 | 2.76+0.34E-4 | 3.63+1.22E-3 | 6.25+4 89E-4
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Figurc 4. Specilic ohmic contact values of indium to GaTe at diffcrent anncaling temperatures and
anncaling time.

4. CONCLUSION

A suitable and most reliable ohmic contact process parameters for GaTe are found
to be indium based metalisation of GaTe and annealing at 200 °C for 2.5 min. X-ray
diffraction measurcments showed that GalnTc, formation at In-GaTe interface even prior to
anncaling process. Stability of that structure may be the responsible for stable ohmic
contacts. Only a problem is the softnes of the indium films for probing on GaTe. This problem
requircs further research on possible use of In bascd alloys or multilayers .

Acknowledgement — This work was carried out in part of Ataturk University Rescarch Fund
project, PN: 1999/18 and Scicntific and Technical Rescarch Council of Turkey (TUBITAK)
(PN: TBAG-1999/1828).

REFERENCES

[ITYamamoto, A., Syouji, A., and Goto, T., Journal of Luminescence 87-89, 207-209, 2000

[2]Grandolfo, M., Gratton, E., Anfosso, F. A. and Vecchla, P_, Phys. Stat. Sol. (b) 48, 720, 1971

[3]Wan, J. Z., Brebner, J. L. and Leonelli, R. Physical Review B, 53, 15413-6, 1996

[4]Wan, J. Z., Pollak, F. H., Brebner, J. L. And Leonelli, R.. Solid Statc Communications,
102(1), 17-21, 1997

[5]Brebner, J. L. Fischer, G. and Mooscr, E., J. Phys. Chem. Solids. 23, 1417-1421, 1962

[6]Girlanda, R., Grasso, V. and Mondio, G.. Solid State Communications, 57, 253-258, 1986

|7IShigetomi, S., Ikari, T., Nakashima, H., J. of Lumincscence, 78, 117-120, 1998

[8]Taylor, R. A, and Ryan, J. F., J. Phys. C: Solid Statc Physics, 20, 6175-6187, 1987

[91Wan, J. Z., Brebner, J. L. and Leonelli, R. Physical Review B, 52(23), 16561-6, 1995

[10]Wan, J. Z., Brebner, J. L., Leonelli, R., Zhao, G. and Graham, J. T. Physical Review B,
48(8), 5197-201, 1993

[11]Gouskov, L. and Gouskov, A., Solid State Communications, 28, 99-105, 1978

[12]Manfredotti, C., Murri, R., Rizzo, A., Vasanclli L.and Micocci, G., Phys. Stat. Sol., 29,
475-9, 1975

[13]Almeida, J., Berger, H. and Margaritondo, G., Journal of Applied Physics 84(4), 1990-3,
1991.

[14]Bose, D. N. And Pal, S. Philosophical Magazine B, 75(2), 311-318, 1997

[ 15]Shigetomi, S., Ikari, T., Nakashima, H., Jpn. J. Appl. Phys . 37.3282-3283, 1998

[16]Mak, L. K., Rogers, C. M. and Northop, D. C. J. Phys. E:Sci. Instrum. 22, 317-321, 1988



