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STUDIES OF OHMIC CONTACT AND SCHOTTKY BARRIERS ON
Au-Ge/GaAsAND Au-Ti/GaAs

R. V. Ghita, C. Logofatu, C. Negrila, A. S. Manea, M. Cernea, M. F. Lazarescu

Nationa Institute of Materials Physics, P. O. Box MG 7, Magurd e, Bucharest, Romania

Gallium Arsenide (GaAs) has increasingly become an important compound-semi conductor
material suited for high speed digital circuits, microwaves and detectors for high energy
physics. For the fabrication of ohmic contacts on GaAs (semi-insulating- Sl) wafers with
characteristics as: Cr doped, (100) oriented, and p~10°-10" Qcm, has been used aloyed
contact Au-Ge. The ohmic film was deposited in a high vacuum chamber (10 Torr), on a
plasma etched surface of GaAs, followed by a rapid thermal annealing (RTA) at 450°C in
low vacuum. For the fabrication of the rectifying contact- respectively the Schottky diode
structure, we have used the same GaAs substrates. The wafers were degreased in a standard
cleaning procedure, followed by a chemical etching. The Au-Ti contact has been deposited
by thermal evaporation in vacuum (10° torr) followed by a RTA procedure a 300-320 °C.
The carrier transport mechanisms through M/S interface are strongly influenced by the
doping concentration in the semiconductor and temperature. There are presented the
experimental 1-V characteristics for selected samples in dark and illumination conditions.
Schottky barriers height on Au-Ti/GaAs was 0.7325 V in accord with mean values on n and
p type GaAs (0.5-0.8 V). The aim of thiswork isto fabricate a competitive X-ray detector.
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1. Introduction

The investigation of metal-semiconductor contacts is a very important task from both a
practicd and a theoretical point of view. Gallium arsenide semiconductor compound has intrinsec
dectrical properties superior to silicon induding higher eectron mobility, direct energy gap and
lower power dissipation. These advantages of GaAs are atractive to devel op high-speed, very large-
scad eintegrated d ectronic devices, optoel ectronic devices and discrete microwave devices. The poor
properties of GaAs such as high defect density and poor mechanic properties are due to the fact that
GaAs is composed of two e ements and the control of the chemica stoichiometry of Gaand Asis
extremdy difficult. The difficulty to control, also, the concentration of dectrically active donors and
acceptorsis caused by the existence of two different vacancy sites of Gaand As sites.

The conventiond ohmic contact formation involves deposition of a contact metal on GaAs
and subsequent annealing at € evated temperatures (which enhances the chemica reaction between
the meta's and GaAs) to reduce the dectrical voltage drop at the contact metal and GaAs interface
[1]. The chemical reaction at interfaceinvolved the process parametersi.e metal sdection, annealing
temperature, time and amosphere. These parameters are rdated to an ided interfacia
microstructure, which could not be determined on the basi s of existing thermodynamic and diffusion
data [2]. The deposition and annealing (DA) of ohmic contact preparation technique requires a
reatively simple fabrication system and exhibits reproducibility once a fabrication process is
established. In DA it technique exists a guiddine of band diagrams to form low resistance ohmic
contact, but thereis no metallurgical guiddineto fabricateinterfacial microstructure with low energy
barrier of the intermediate semiconductor layer (ISL) and/or high doping concentration ISL [1].
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Binary AuGe contacts were first used by Gunn in 1964 in his diode [3]. These contacts were
attractive for microwave devices, which did not require very low contact resistance. For ochmic
contacts the voltage drop across metal/semi conductor (M/S) interface is negligible to that compared
voltage drop across the device. The nanometric ohmic film was formed under controlled conditions
in a X-ray photod ectron spectroscopy (XPS) system that consists of a VGS ESCA MK |1 dectron
spectrometer combined with a custom ultra high vacuum UHV (10° Torr) sample preparation
chamber. The Au-Ge film was deposited on a plasma etched surface of GaAs followed by a rapid
thermal annealing procedure at 430-450 °C in low vacuum (1.5 x 10" atm.)

Energdtic considerations indicate that the interfaces of transition metals (as Ti) on GaAs
should be very reactive [4]. It isargued [4] that the formation of a stable interface compound should
prevent interdiffusion and thus result in abrupt interfaces [4]. The XPS analysis performed on GaAs
substrates as in literature [5] shows that the chemical etched GaAsis covered by a 10 A thick surface
layer of native oxide (a mixture of Ga,0; and As;0s). Titanium is commonly used as a gate metal in
the fabrication of GaAs fidd-effect transistors which means a technological importance of the
interface Ti/oxidized GaAs. The Au-Ti film was deposited by thermd evaporation both in high
vacuum conditions and low vacuum chamber, followed by a RTA procedure. The chemica reaction
between Ti and the substrate is already apparent in the Ga 3d XPS spectrum [4] for coverage as low
as 0.07 A. The Ti is localized at the chemisorption site and the remainder of the surface is
unperturbed [4]. At higher coverages is present a we | defined Ga environment which suggests either
small metallic Ga clusters or more likely a Ga-Ti dloy. Also, for Ti coverage over ~1 A are present
strong interactions Ti-As. Near the surface there exists a Ga and As disrupted layer in addition to Ti
which lies on the top of GaAs [ 4]. Titanium can form intermetallic compounds with Gaand As.

2. Experimental procedure

The semiconductor samples used in this experiment were GaAs (100) oriented wafers
uniformly doped with Cr with a resistivity p~ 10°10" Qcm (semi-insulating type). Also, for a
comparison it has been used in the same contact deposition technol ogy n-GaAs (111) samples. Prior
to meta deposition, GaAs was degreased employing a standard deaning process using
trichloroethylene and acetone. The wafer of GaAs (100) was chemical etched in HCI (sol.6N) for
2 min, in a solution mixture H,SO4:H,0,:H,O volume ratios: (3:1:1) for 2 min. and at last in HCI
(sol. 6N) for 15 seconds.

The Schottky barrier interfaces Au-Ti wereinitialy formed by vacuum deposition in low
vacuum. The conditions were p = 4x10™ Torr, evaporation from a boat made of wolfram, in the
evaporation geometry Ra,=5 cm, Rri=5 cm. The initial thickness of Au-Ti film was. 200 nm(Au)-
100 nm(Ti)). The meta contact Au-Ti was anneded for 1 min a T=360 °C, in low vacuum
p~1.5x10" am., conditions that defined a RTA procedure. Taking into account the results regarding
the |-V characteristics it was imposed a Schottky barrier interface formed under controlled
conditions in a X-ray photod ectron spectroscopy conditions (XPS) system which consists of aVGS
ESCA MK Il éectron spectrometer combined with a UHV preparation chamber. The deposition
implies plasma etching in argon ion beams accel erated at 6 KV for 10 min, intensity of beam current
| = 170 pA, followed by a Ti deposition from a metal source in high vacuum conditions
(107-10°® Torr). The Au film with 200 nm thickness was vacuum deposited, and the Au-Ti/GaAs
(M/S) interface was formed by annealing in a RTA procedure.

Low resistance ohmic contact Au-Ge/GaAs (SI) was formed under controlled conditionsin a
XPS system from an eutectic aloy (Au-13 % wt Ge) band. After the deposition it follows a thermal
treatment for 1 min a 430-450 °C in low vacuum (1.5 x 10" atm). For different samples (as
Schottky diode no.2-DS2) it was performed a deposition through a tombac mask with preestablished
contact areas. |n no case were the substrates heated during metal-film deposition.

The dectrical measurements (I-V characteristics) were performed on  standard
instrumentations in dark and illumination conditions (Hg lamp with power of 200 W and the
emission maximum at 2 = 313 nm).
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3. Results and discussions

Fig. 1 presents |-V charadteristics of Au-Ge ohmic contact on GaAs.Cr (100). The Au-
Ge/lGaAs (SI) was formed under controlled conditions in XPS system and then annealed in
temperature range (430-450)°C. The linear fit of experimental data shows a resistance between
contacts (including bulk resistance) of the order 10.8 MQ with a standard deviation less than 5%.
This characteristic indicates a good Au-Ge ohmic contact. As a general feature, the eutectic Au-Ge
exhibits a thermal instability for eectrical properties during subsequent annealing after contact
formation [6], and a large spreading of the contact resistance on a given wafer. Different authors [6-
12] observed a deep vertica diffusion depth to GaAs which limited the applicability of these
contacts to advanced GaAs devices of small size. The surface morphology was slightly improved by
decreasing annealing temperature to 360 °C in aRTA procedure. However, it is remarkable that Au-
Ge contacts had a rough surface and, besides vertical diffusion, a lateral Au diffusion on GaAs
surface was observed [12-14].

Fig. 2 presents the |-V characteristics of the structure Au-Ti/ GaAs (111)- Schottky diode
no.0-DS0 on the front side of the wafer and Au-Ge/GaAs on the back side. Au-Geis a ohmic contact
and Au-Ti/ GaAs structure has a reduced breakdown voltage, and the characteristics is typical for a
Zenner diode

Fig. 3 presents the |-V characteristics for a Au-Ti Schottky diode on GaAs: Cr (100)-
Schottky diode no 1-DS1- with small reverse current and breakdown voltage of approximately 50 V.
As can be observed from Fig. 4 the Schottky diode DS1 is an active structure in dectromagnetic
field asit has been tested under UV illumination.
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Fig. 1. I-V characteristic for AuGe Fig. 2. I-V characteristic for AuTi/
ohmic contact. /GaAS(Sl) (111)-DSO0.

The breakdown voltage is approximatdy Ug= -100V with ardativey low reverse current.
This characteristic recommended the proposed structure of Au-Ti/GaAs(SI)(LEC) as a possible
candidate for a nuclear solid-state detector [15].

These data were analyzed in the framework of the thermo-ionic diffusion mode to give the
Schottky barrier height ®g (in V) for DS1

j=ist(exp™*T-1) )

where : jsr-saturation current density

jsr=A"T%(®g/KT) where A" is Richardson constant and @ is barrier voltage.
For GaAs (100) in intense dectric field of a constant A'=144 Acm?K™? [3]-the resulting barrier
height after annealing is ®3=0.7325 V in agreement with the mean Schottky barrier height of
0.5-0.8 V for p and n-type GaAs [1].
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Fig. 5 and Fig. 6 are characteristic for I-V measurements on GaAs (SI) with high Schottky
surface contacts (~ 24 mm?) and low surface Schottky contacts (~3 mm?). The characteristics were
tested in dark in UV radiation conditions and as a general remark the structure Au-Ti/GaAgAu-Ge
is sensitive to e ectromagnetic fid d, a necessary step to a X-ray detector.

For the as prepared sample of Au/Ti/GaAs the Rutherford backscattering (RBS) spectrum
[16] presents a defined interface responsible for a weak signal from Au. The titanium signa
interfered with GaAs as aresult of a weak diffusion process.

As it was remarked [4] at the GaAs (Sl) surface existed a thin layer of oxide (10 A
composed of As,0; and Ga,03). From XPS measurements [17] the as prepared sample interface is
Ti/oxidized GaAs, ainterface where the titanium signal arisein a 66% concentration from TiO,. The
Ti deposit is fairly uniformly spread and it interacts strongly with the substrate. At the surface the
reaction products with Ga and As are located at Ti/GaAs interface or they are well dispersed in
GaAs[5]. Finaly, in the annealing process Ti reacts with Asto form TiAs compound.
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Fig. 51-V. characteristics for contact area 24 mm?
in dark and under illumination.

4. Conclusions

Fig. 61-V. characteristics for contact area
3 mm? in dark and under illumination.

The ohmic contact AuGe/GaAs has been deve oped on a trial—-and-error basis. The metdlic
film was deposited in high vacuum chamber (102 Torr) on a plasma etched surface of GaAs

followed by a RTA procedure in low vacuum in the temperature range 430-450 “C.
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The rectifying contact Au-Ti/GaAs(SI) was deposited by thermal evaporation both in high
vacuum chamber (10 Torr) and in reatively low vacuum conditions (4x10° Torr), followed by a
RTA procedurein low vacuum (10" atm) in the temperature range (300-320)°C. Titanium lies onthe
top of GaAs and the chemical interaction between Ti and substrate suggests that Ti forms
intermetallic compounds with Gaand As.

From the thermo-ionic diffusion model the Schottky barrier heights for GaAs: Cr (100) in
intense dectric fidd and after annealing are ®3~0.733 V, aresult in agreement with the Schottky
barrier characteristic on GaAs.
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