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SPUTTER DAMAGE IN GaAs EXPOSED TO

LOW ENERGY ARGON IONS

H. E . Schmidt , P. E. Jensen and J. R. Sites
Department of Physics , Colorado State University

Fort Col lins , Colorado 80523 USA

ABSTRACT

Substrates of n-type GaAs were exposed to charge neutralized

argon ion beams of energy ranging from 50 to 500 eV. Exposure times
• 

•

were 10- 30 minutes with a beam density of 1 ma/cm~ . Schottky bar,~ier

diodes were fo rmed on the sputtered surfaces using gold films . Capaci-

tance and current measurements showed a marked decrease In barrier

height for samples sputtered with energies > 150 eV , though rectification
• persists to higher beam energies . Chemical etching of the damaged

layer to restore the Schottky barrier height showed that the characteristic

depth of heavy damage was 20— 50 A , increasing with Ion beam energy.
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Deposition of insulating layers on gallium arsenide has been

motivated both by the possibility of high-speed MISFET devices 1 and

the need for encapsulating layers for post- implantation annea ls . 2
~

4

It is desirable in either case to perform the deposition at temperatures

below 500°C to prevent the loss of arsenic from the GaAs surface .5 One

promising technique , low energy ion- beam sputter deposition , seems to

work best6 when the GaAs surface is lightly sputter in situ etched

prior to deposition . Such a procedure , however , raises the possibility

of surface damage to the semiconducting material. The purpose of this

paper is to study the effects , particularly the characteristic depth as

far as the electronic properties are concerned , of such sputter etches.

Sputtering was done using a 2.5 cm Kaufman—type ion source.7

Argon gas is introducc’1 to a source chamber and ionized by a dc dis-

charge. Positive argon ions are accelerated and the resul ting beam

neutralized with electrons from a hot fi l ament. Beam energy was varied

from 50 to 500 eV , aid a beam current density of approximately 1 ma/cm2

was ma inta ined at all energi es. Vacuum chamber pressure was lxlO 4 torr,

and sputter times were 10, 20 or 30 mI nutes . Gallium arsenide samples

used were <100> n-type material from Crystal Specialties , doped wi th

tellurium to yield a carrier concentration of approximately 5xlO 18 cm 3.

Prior to sputtering , a gold-germanium back surface ohmic contart was

formed using standard techniques . Individual sampl es , approximately

1 ~~2, were cleaned with detergent, acetone , methanol , xylene and
Che,nsol-z and mounted on a movabl e stage. The GaAs was first held

-2- 
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clear of the beam while the proper energy and current density were

adjusted . This procedure also allowed additional degassing of the

ion source without contamination of the sampl e surface. Actual

sputtering was performed with the sample rotated so that the GaAs

surface was norma l to the ion beam.

Gold Schottky diodes formed before sputtering, after sputtering ,

and after chemical etch-back were cha racterized by capacitance -voltage

(C-V) and current density-voltage (J-V) measurements . The C-V studies

utilized an 1 MHz Boonton capacitance meter and a 10-second voltage

sweep ranging from - 4 to + 0.5 volts . These data yielded C~
2 vs V

plots which were quite linear so long as the current flow was low .

The Schottky barrier heights were determined from the voltage intercept

0f the extrapolation of these curves .8’9 Depth dependence of the

sputter damage was measured using a calibrated chemical etch. Calibration

in this case was achieved by measuring step heights with a scanning

electron mi croscope, plotting depth vs time , and extrapolating to small

removal depths. It was found that the etch rate was always nearly

constant and that a mixture of H2S04 (1 part), 11202 (2 parts), and

H
2
0 (lO s parts) led to a convenient etch rate of 17 A/mm . After

etching, additional Schottky diodes were formed using the same procedure .

Figure 1 depicts the C-V barrier height as a function of the

energy of the argon ions used Inte sputtering. The unsputtered sampl es,

• plotted as sputter energy equal to zero, showed slightly higher va l ues

than the one reported by Mead and Spi tzer.1° The general, trend of Fig. 1 ,

as expected, Is a decrease in barrier height with stronger sputtering

energy. Sampl es sputtered above 300 eV exhibited large reverse currents,

-3-
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thus making C-V measurements invalid in this region . There is ,

• 
• however , considerable sample-to-sampl e variation. There is also an

apparent barrier enhancement for short , low energy sputtering (10 mm .,

50 eV). This enhancement is attributed to the formation of a thin

p-type layer at the surface .~~ Similar effects have been observed

in other Schottky diodes such as when silicon is implanted with the
p• opposite type donor , - when aluminum is thermally-diffused into

silicon ,13 and when GaAs is anodized and the oxide removed .’4

At higher sputtering energies , in addition to the fall in

• barrier height , there is an increase in the surface trap density as

revealed by the slope of the C-V data , and a deteri oration of the diode

quality factor in the J-V data . These results are consistent with a

picture in whcih progressively larger numbers of damage states are

tailing into the bandgap. At energies above 50 eV , there is no

systematic dependence of the C-V and J-V measurements on sputter time,

presumabl y because the sputter rate15 is high enough to etch many times

the damage depth during all exposure times studied .

The effect of etching the sputtered GaAs surface, forming new

Schottky diodes , and remeasuring the barrier height is shown in Fig. 2.

An etch of 17 A was sufficient to restore the original barrier in the

samples sputtered at 50 eV but had little effect on the higher energy

sputtered samples . Thirty-five A restored the barrier for all sampl es

sputtered at 300 eV or less , and 50 A was required for those up to
500 eV. Again , the sputter time did not appear to have’ a’signifl cant

effect.

-4-



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V • ~~~~~~•~~V V - V V~~~~

There are two technological implications in these results. The

fi rst is that the use of a sputter etch , the order of 500 eV for argon ,

may be a useful procedure in forming ohmic contacts to GaAs , and

presumably on other semiconductors . Such Ion beam pretreatment does

not require elevated temperatures and would be compatible with other

vacuum deposition processing steps. The second Implication , and

origina l motivation for these studies , Is that it appears possibl e to

use the ion beam for effective sputter etching without undue distortion

of electronic properties . In previous work ,16 for exampl e, a 10-minute

sputter etch wi th 100 eV argon was effective in improving the adhesion

of S1 3N4 deposited on GaAs , implying there is at least a small window

in sputter energy where there is a favorabl e tradeoff between etching

and damage.

We would like to thank Wayne Mckinley for assistance In sample

preparation and the U. S. Office of Naval Research for financial support

through Contract N00014— 76-C—0976.
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FIGURE CAPTIONS

Figure 1. Barrier heights deduces from C-V results .

Figure 2. Depth of damage affecting Schottky barrier as a function of

sputter energy .
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