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Summary

The sliding friction behavior of the semiconductors
silicon, and gallium arsenide in contact with pure metals
was studied. Friction experiments were conducted at
room temperature (20 to 30 °C) in room air and in a
vacuum of 10-9 torr (10-7 N/m2). Five transition
metals, titanium, tantalum, nickel, palladium, and
platinum, slid on a single-crystal silicon (111) surface in
the [112] crystallographic direction. Four metals, indium,
nickel, copper, and silver, slid on a single-crystal gallium
arsenide (100) surface in the [011] direction. The sliding
velocities were 1.4 mm/s in room air and 0.2 mm/s in
vacuum. The loads were 10 to 100 g in room air and 10 g
in vacuum.

The friction of semiconductors in contact with metals
depended on a Schottky barrier height formed at the
metal-semiconductor interface. Metals with a higher
barrier height on semiconductors gave lower friction.
From titanium (barrier height ¢, =0.50 eV) to platinum
(0, =0.81 ¢V) sliding on silicon, the coefficient of
friction decreased linearly with increasing barrier height.
The effect of the barrier height on friction behavior for
argon-sputtered surfaces in vacuum was morc specific
than that for the surfaces containing surface films in
room air. Similar effects were found for gallium arsenide
in contact with metals. With the silicon surface sliding on
titanium, many silicon particles back-transferred. In
contrast a large quantity of indium transferred to the
gallium arsenide surface for gallium arsenide sliding on
indium in vacuum.

Introduction

Physical and chemical properties of contacting
materials play an important role in the tribological
phenomena of solids as well as their mechanical
characteristics. A considerable number of studies have
been conducted for metal-metal contacts. Melting point
and crystal structure of metals affect adhesive behavior
(ref. 1). Friction and wear of metals are closely related to
mutual solubility of two mating metals (refs. 2 to 4). Only
a few tribological experiments for metal-semiconductor
contacts, however, have been conducted. Although
surface fracture, friction, and wear were studied for

silicon and germanium in contact with metals (refs. 5 to
8), the effects of the physical properties of the metal-
semiconductor interface on tribological behavior have
not been addressed.

In a recent study examining the surface change
occurring during sliding contact for metals,
semiconductor materials formed on the sliding surface
(ref. 9). When the semiconductor formed on the metal
surface, it changed the wear phenomenon and decreased
the wear of metals. This result indicates that the
semiconductor is an important material to be considered
for tribological problems. This report presents a study of
the tribological behavior of two semiconductors in sliding
contact with metals.

When a semiconductor comes into contact with a
metal, the surface state is remarkably different from the
metal-metal interface. A barrier is formed by a bending
of the electron band near the semiconductor surtace, and
the barrier height is one of the most important factors in
the characterization of the mertal-semiconductor
interface. Although in the first model proposed by
Schottky (ref. 10) and Mott (ref. 11) the barrier height
depended on the metal work and the clectron atfinity of
semiconductors, experimental results did not coincide
with this model. For this discrepancy Bardeen (ref. 12)
put forward another cxplanation for semiconductor
surface state. According to his concept, the barrier height
is restricted by the presence of an insulating surtace film
and is almost independent of the contacting metal.
However, subscquent experiments measuring the precise
barrier height at the metal-semiconductor interface
revealed that the barrier height depended on the metal,
although the correlation was weaker than predicted in the
Schottky-Mott model (refs. 13 to 18 and data from Ph.D.
thesis by B. L. Smith, Manchester University, 1969). The
barrier height was related to chemical and physical
properties of both metal and semiconductor. The
relations of the barrier height to many factors, such as
the heat of formation of metal silicides (ref. 19), the
eutectic temperature of transition metal silicides (ref. 20),
and the chemical bonding of the metal-silicon interface
(ref. 21), have been recently discussed for silicon in
contact with the transition metals.

An interesting relation between barrier height and the
chemical atfinity of the transition metals to silicon has
been reported by Andrews and Phillips (ref. 19). They



found a simple linear correlation of the barrier height of
the system transition-metal silicide and silicon with the
tormation energy of the metal silicide. This characteristic
of the metal-silicon interface is closely related to the
formation of an intimate contact at the interface. The
contribution of barrier height to the formation of
intimate contact at the metal-semiconductor interface is
assumed to give a similar correlation between barrier
height and friction behavior of semiconductors in contact
with metals.

This investigation determined the effect of barrier
height at the mcetal-semiconductor intertface on the
tribological behavior of the semiconductor. In a recent
experiment examining the doping effect tor silicon,
fricion behavior was sensitive to the P- or N-type
clectron state of silicon in contact with gold metal (ref.
6). In this study the friction behavior of silicon and
gallium arsenide in sliding contact with pure metals in
high vacuum and in room air were determined. The
friction behavior for each semiconductor is discussed
with  reference to the properties of the metal-
semiconductor interface.

Materials

The semiconductors used 1n these experiments were
sificon and gallium arsenide. Silicon was a single-crystal
platc of (I11) orientation. Gallium arsenide was an
undoped single-crystal plate of (100) orientation. Both of
the specimens were polished, and the roughness Ry, was
less than 0.01 pm.

The metals used as pin speciniens  were  pure
polycrystalline titanium, tantalum, nickel, palladium,
platinum, indium, copper, and silver. Barrier heights of
the metals on silicon and/or gallium arsenide (refs. 12 to
17 and data from Ph.D. thesis by B. L. Smith,
Manchester, University, 1969) are summarized in table 1.

Five metals, Ti, Ta, Ni, Pd, and Pt, slid on the silicon
(111) surtace parallel to the [112] crystallographic
direction. Four metals, In, Ni, Cu, and Ag, slid on the
gallium arsenide (100) surface paratlel to the [01]]
direction. The diameter of each pin specimen was 3.18
mm, and the sliding surface was hemispherical. Sliding
surfaces were polished with 0.3-pm aluminum powder.
Both pin and plate specimens were cleaned with ethyl
alcohol in an ultrasonic cleaner before each experiment.

Apparatus

Two ditferent  apparatuses  were used i this
investigation. Both apparatuses were pin and plate type
devices. The device used for the experiments in room air
is shown in figure 1. The pin specimen was mounted on a
gimbal. Friction force was measured by strain gages
mounted on a tlat of the beam that was positioned near
the pin specimen. Data were reproducible within §
percent. Load was applied 10 the pin specimen with
weights of 1010 100 g (0.1 to 1.0 N).

The semiconductor specimen was mounted on a
25.4-mm cubic block. The block was then mounted on a
stage which moved in reciprocating motion with a 10-mm
stroke. The moving speed was 1.4 mm/s in both
directions. In cach experiment the pin specimen slid on
the same 10-mm path of the semiconductor surface 30
times in cach direction. The experiments were conducted
in room air and at room temperature (21 to 23 °C, 30-to
35-percent relative humidity).

The apparatus used tor the experiments in vacuum was
enclosed in a vacuum system. The device for measuring
load and triction is shown in figure 2. A gimbal-mounted
beam projected into the vacuum system. The beam had
two flats, normal to each other, for the mounting of
strain gages. The end of the beam contained the metal pin
specimen. The semiconductor specimen was mounted on

TABLE [.—BARRIER HEIGHTS OF METALS ON Si ANDOR GaAs
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a cubic block. The block, made of ceramic (thermal and
electrical insulator), was mounted to a manipulator
beam. The surface of the block to which the
semiconductor specimen was mounted was coated with a
hafnium-sputtered film in order to achieve sputtering and
heating of the semiconductor specimens. A Chromel-

Alumel thermocouple buried just under the
semiconductor specimen measured the temperature
during specimen heating. Load was applied by

r Strain gauge
I

Holding plate — <N
7
Pin specimen J//V\/

Semiconductor plate i // ///
Platform J/////
Holding plate~ //
/

Moving stage ~

g

Figure 1.—Friction apparatus in room air.
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manipulating the block toward the pin and was measured
by a strain gage. The load applied was 10 g (0.1 N).
Frictional force was measured by the strain gage normal
to that used to measure load. The error in measurement
was 5 percent. The pin specimen slid in a single path of a
12-mm stroke on the semiconductor surface. Sliding
velocity was 0.2 mm/s. The vacuum system was a
conventional vacsorb ion-pumped system capable of
achieving a pressure of 10-9% torr (10-7 N/m2) as
measured by a nude ionization gage. The experiments
were conducted at room temperature (21 to 23 °C) at a
pressure of 10-9 torr.

Experimental Procedure for the
Vacuum System

After the specimens were placed in the vacuum
chamber, the system was evacuated. The system was
baked out overnight at 260 °C (150 °C for the indium
pin), after which the pressure was in the 10-7 N/m2
range. Argon gas was bled into the vacuum system to a
pressure of 10-1 N/m2. A 1000-V direct-current
potential was applied to the specimen, and it was sputter
bombarded for a period ot 30 min. Since Si and GaAs are
semiconductors, when they were sputtered, a direct-
current potential was applied to a hafnium-sputtered film
on the ceramic block to achieve sputtering of the
specimens.

Since the argon sputter bombardment of the GaAs
produced changes in the initial surface composition (refs.
22 to 24), the method of cleaning GaAs was different
from that for Si and metals. A sputtering and annealing

Chromel=Alumel
thermocouple

Heater wire

— Tantalum plate
/1o hold specimen

///' Hafnium=-sputtering film

Ve . .
_~— Semiconductor specimen
_~—Hemispherical

pin specimen

force

Figure 2.—Friction apparatus in vacuum systeni.



method was used in the experiment with GaAs (refs. 23
and 24).

After argon gas was bled into the system to a pressure
of 10-1 N/m2, a 300-V direct-current potential was
applied for a period of 30 min. The system was evacuated
again to a pressure of 10-6to 10 -7N/m2. The GaAs was
annealed at 520 to 350 °C for a period of 60 min. The
GaAs specimen was heated indirectly by a resistance
heating of the hatnium film coated on the ceramic block.
All friction experiments were conducted with the system
reevacuated to a pressure of 10-7 N/m2 (10 -9 torr).

Results and Discussion
Friction With Silicon

Silicon is a highly polarizable semiconductor, and it is
very active when in contact with transition metals (refs.
19 and 21). The friction behavior for silicon with these
metals was examined in this study. Coefficients of
friction as a tunction of load for five transition metals,
titanium, tantalum, nickel, palladium, and platinum, slid
on the silicon (111) surface in room air are presented in
figure 3. The coefficient of friction in vacuum (10 9torr)
for all tive metals sliding on silicon is summarized in table
II. Stick-slip motion was tound tor all the metals slid on
silicon. This behavior was similar to that previously
reported (ref. 8). An example of the stick-slip motion is
exhibited in tigurc 4. The coefficients of friction

Ti
Ta

Coefficient of friction

0 25 0 75 100
Load, g

Figure 3.--Cocetficient of triction as tunction of load tor metals slid on
silicon (111 surtace in room air. Sliding velocity, 1.4 mm/s.

Maximum peak of stick-slip motion
used to calculate coefficient
of friction ,
/

30

Friction
g9

farce,

——
Time

Figure 40 Stuck ~hp moton tor silicon i shidimg contace with platinum
movacuum (10" torey, Load, 10 g; shiding velocity, 0.2 nun s,

TABLE II.—COEFFICIENT OF
FRICTION FOR METALS SLID
ON SILICON IN VACUUM
AND ROOM AIR

[Load, 10 g.]

Metal Coefficient of friction

In vacuum | In room air
( Y torr)

Titanium 7.3 0.73

Tantalum 6.7 68

Nickel 5.2 .60

Patiadium 4.0 41

Platinum L 3.2 .30

presented in tigure 3 and table 11 are the maximum peak
values measured in the stick-slip motion for cach sliding
pass indicated in figure 4. In room air the friction
behavior was very sensitive to the presence of surface
films, as previously reported (ref. 8). In the first stage of
sliding friction was much lower (coefficient of friction
pw=0.2 to 0.3). However, triction gradually increased
with repeated sliding and achieved a steady-state value
after 6 1o 10 passes of sliding on the same path. The
coefficients of friction plotted in tigure 3 arce the values
measured atter the steady state was achieved. The results
of figure 3 and table 11 indicate that the coefticient of
friction for silicon in contact with metals depended on the
mating metals. Titanium presented the highest friction
among the fine metals. With tantalum, nickel, and
palladium, coefficients ot friction were lower. Platinum
presented the lowest friction. The influence of metals on
the frictional behavior did not change when the load
varied from 10 to 100 g. The effects of load on the
coefficient of friction for each metal were the same. The
coefficient ot friction was higher when a lower load was
appliecd. The change in coefficient of friction with a
change in metal was greater in vacuum than in air.
Concerning the surface state of the metal-
semiconductor interface, one of the most signiticant
properties is the Schottky barrier height tormed at the
interface. The correlation of it with the friction behavior
was therefore examined. As indicated in table I, the
barrier height depends on how the surface is prepared
(chemically etched or cleaved) because the presence of
surface tilms such as SiO,, for example, changes the
surface state. Two types of prepared surfaces, chemically
etehed and cleaved, were available in this study. Friction
coefficients in room air are plotted against the barrier
height of a chemically etehed surtace (fig. 5). The sputter-
cleaned surtace is assumed to be similar o a cleaved
surtace in regard to barrier height. However, since the
measurements of barrier height on a cleaved surface in
vacuum were not completed tor titanium and tantaium,
the results for both chemically ciched and cleaved
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Figure 5.—Correlation between coefficient of friction in room air and
barrier height of transition metals on chemically etched silicon
surface. Sliding velocity, 1.4 mm/s.

surfaces of nickel, palladium, and platinum are presented
(fig. 6).

Figure 5 indicates the coefficient of friction in room air
as a function of barrier height for five metals on a
chemically etched silicon surface at loads of 10and 100 g.
From titanium (barrier height ¢, =0.50 eV) to platinum
(¢ =0.81 eV), the coefficient of friction gradually
decreased with increasing barrier height. The same
relation between the coefficient of friction and the barrier
height is presented in figure 6 for the metals in vacuum on
both chemically etched and the cleaved silicon. For three
metals, nickel, palladium, and platinum, there was a
similar effect of barrier height on the coefficient of
friction with two different surface preparations.

Figures 5 and 6 indicate that the coefficient of friction
depended strongly on the Schottky barrier height formed
at the metal-silicon interface. Metals with a higher barrier

,~Chemically etched surface

Coefficient of friction
3
(o]
@
[s1)
<
f1°]
(=N
-
fond
=
&
(=]
@

2 |

.5 .6 7 .8 .9

Barrier of height, Ob, eV

Figure 6. —Correlation between coefticient of friction in vacuum (109
torr) and barrier height of transition metals on chemically etched and
cleaved silicon surface. Load, 10 g; stiding velocity, 0.2 mm.s.

height on silicon gave lower friction. There was a linear
correlation between coefficient of friction and barrier
height. Because of the presence of surface films formed
before the experiments and chemisorbed films of gas
molecules formed during sliding, the effect of the barrier
height on friction appeared as a weaker relation in room
air.

Although the barrier height is defined by the purely
electronic properties of the metal-semiconductor
interface, it dominates the tribological behavior of
semiconductors in contact with metals. When a
semiconductor comes into contact with a metal surface,
the chemical activity between metal and semiconductor is
strongly affected by the barrier height. The metal with a
lower barrier height toward the semiconductor reacts
more strongly and forms intimate bonding at the
interface. This metal gives high friction in sliding contact
with the semiconductor. Since the transition metals used
in this experiment have very similar chemical
characteristics toward silicon (i.e., high chemical
reactivity with silicon and ability to form one or more
compounds with silicon (refs. 19 to 21)), the experimental
results exhibited a simple relation between barrier height
and coefficient of friction for these five metals.

With nontransition metals, on the other hand, the
coetfficient of friction was generally lower than that for
transition metals because of weak chemical affinity at the
interface, as reported previously (ref. 8).

Figure 7 presents scanning electron micrographs of a
wear track on a silicon surface which was in sliding
contact with titanium in vacuum. Because of the strong
bonding at the interface, many particles were removed
from the surface and found on the wear track (fig. 7(a)).
Figures 7(b) and (c¢) are enlarged micrographs of the
particles and Ti-K« x-ray map by energy-dispersive x-ray
analysis (EDXA). The debris was not metallic titanium
but silicon particles which were fractured from the
original silicon surface in the first stage and then
subsequently back-transferred to the silicon surface.
Back-transfer of silicon particles also occurred on all
other tracks of silicon surfaces in sliding contact with
metals. It is interesting that in metal-silicon contact
particles were removed from the covalent silicon surface
preferentially rather than from the metal surface in
vacuum as well as in room air (refs. 7 and 8). This was a
result of the brittle character of silicon.

Friction With Gallium Arsenide

The important correlation of coefficient of friction
with Schottky barrier height was examined for another
semiconductor, gallium arsenide, in contact with metals.
The coetficients of friction for indium, nickel, copper,
and silver sliding on the gallium arsenide (100) surtface in
room air are presented in figure 8. Motion was stick-slip
only when the indium slid on gallium arsenide. The
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(a) Wear track.
(b) Particles on wear track.
(¢) Ti-Ka map by EDXA of particles on wear track.

Figure 7.—Wear track of silicon (111) surface in sliding contact with titanium in vacuum (10 ? torr). Load, 10 g; sliding velocity, 0.2 mm/s.
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Figure 8. —Coefficient of friction as function of load for metals sliding
on gallium arsenide (100) surface in room air. Sliding velocity, 1.4
mm/s.

coefficients of friction plotted in the figure are the
maximum values measured in each sliding pass (the same
plotting method as for the friction with silicon). The
coefficient of friction for indium was the greatest among
those of the four metals. With copper and silver friction
was the lowest. The friction was even lower with all
metals when a lower load was applied.

The coefficients of friction in vacuum (109 torr) are
summarized in table IIl. Since motion was stick-slip with
all metals in vacuum, the maximum peak values are
presented in the table. The results in room air at a load of
10 g are also listed. The effect of particular metals in
vacuum was similar to the results obtained in room air.
The coefficient of friction for indium was the highest
among those of the four metals. With copper and silver,
the coefficients of friction were lowest, and there was
little different between them.

A correlation of friction behavior of gallium arsenide
with Schottky barrier height was examined. Figure 9
presents the coefficient of friction in room air as a
function of barrier height on chemically etched gallium
arsenide surfaces at loads of 10 and 100 g. The same
correlation between the barrier height and the coefficient
of friction in vacuum is presented in figure 10. In figure

TABLE [1I.—COEFFICIENT OF
FRICTION FOR METALS SLID
ON GaAs IN VACUUM AND
ROOM AIR

[Load, 10 g.]

Metal Coefficient of friction
In vacuum | In room air
( "7 torr)
Indium 3.2 0.38
Nickel 1.3 23
Copper 1.0 18
Silver 91 17

c r Load,

2 | In 9

4 100

o

E 0 Ni Cu Ag

c 72—

= !

(&}
. ]
.60 .65 .10 .75 .80 .85 .90 .95

Barrier height, ob, eV

Figure 9.—Correlation between coefficient of friction in room air and
barrier height of metals on chemically ctched gallium arsenide
surface. Shding velocity, 1.4 mm/s.
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Figure 10.—Correlation between cocefficient of friction in vacuum
(10 Y torr) and barrier height of metals on chemically etched and
cleaved gallium arsemide surface. Load, 10 g; sliding velocity, 0.2
min/s.

10 the coefficient of friction is plotted against barrier
height for both chemically etched and cleaved surfaces
except for nickel. The influence of surface preparation on
the correlation was not found. As exhibited in these
figures, the coefficient of friction for gallium arsenide
depended on barrier height. Indium, with the lowest
barrier height, gave the highest coefticient of friction.
Silver exhibited the lowest friction as a result of its very
high barrier height. These effects appeared more clearly
when the surface films were absent from the sputtered
surfaces in vacuum. Since there is not a chemical
characteristic common to the four metals in contact with
gallium arsenide, the relation was not linear as with
silicon in contact with transition metals. The
experimental results, however, indicated that there was a
close relation between barrier height and friction
behavior for gallium arsenide.

Figure 11 shows a wear track on gallium arsenide in
sliding contact with indium in vacuum. The surface of
gallium arsenide was slightly different trom that of
silicon. On the wear track a large quantity of particles
were found (fig. 11(a)). By the EDXA in figures 11(b)
and (c), the particles were determined to be transfer
particles from the indium surface. Because of the weak
bonding at the interface, the particles were small, and
surface fracture was minimal. This was also true with the
other metals sliding on gallium arsenide.



(a) Wear track.
(b) Particles on wear track.
(¢) In-Ka map by EDXA of particles on wear track.

Figure 11.—Wear track of gallium arsenide (100) surface in sliding contact with indium in vacuum (10~ ° torr). Load, 10 g; sliding velocity, 0.2
mm/s.




Summary of Results

Sliding friction behavior of the semiconductors silicon
and gallium arsenide in contact with pure metals was
studied. From the experiments in room air and in
vacuum, the following were obtained:

1. The friction of semiconductors was sensitive to the
contacting metals. With both silicon and gallium arsenide
the friction behavior depended strongly on the height of
the Schottky barrier formed at the metal-semiconductor
interface. The metals with a lower barrier height gave a
higher coefficient of friction as a result of strong bonding
at the interface.

2. With silicon in contact with the transition metals,
there was a linear correlation between the coefficient of
friction and barrier height.

3. In room air the effect of barrier height was weak for
both silicon and gallium arsenide. The presence of
surface films masked the real character of the metal-
semiconductor interface.

4. On the wear track of silicon in contact with
titanium, silicon particles back-transferred. This was
caused by the preferential removal of particles from the
silicon surface as a result of the brittle character of
silicon. In contrast to the silicon, on the gallium arsenide
surface a large quantity of indium particles transferred to
the surface, and surface damage was minimal. This was
also true for gallium arsenide in sliding contact with other
metals.

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio, date

References

1. Sikorski, M. E.: The Adhesion of Metals and Factors That
Influence It. Wear, vol. 7, no. 2, 1964, pp. 144-162.

2. Rabinowice, E.: The Determination of the Compatibility of Metals
Through Static Friction Tests. ASLE Trans., vol. 14, no. 3, July
1971, pp. 198-205.

3. DeGee, A. W. J.: The Friction of Gold-Silver Alloys Against Steel.
Wear, vol. 8, no. 2, 1965, pp. 121-132.

4. Sasada, T.; Norose, S.; and Mishina, H.: The Behavior of Adhered
Fragments Interposed Between Sliding Surfaces and the
Formation Processs ot Wear Particles. J. Lubr. Technol., vol.
103, no. 2, Apr. 1981, pp. 195-202.

5. Stickler, R.; and Booker, G. R.: Surface Damage on Abraded
Silicon Specimens. Philos. Mag., vol. 8, 1963, pp. 859-876.

20.

21.

[
[ 5]

24.

. Mishina,

. Schottky, W.: Zur

. Landkammer, F. J.:

. Andrews, J.

. Buckley, Donald H.; and Brainard, William A.: Adhesion and

Friction of Iron and Gold in Contact with Elemental

Semiconductors. NASA TN D-8394, 1977.

. Mishina, Hiroshi; and Sasada, Tadashi: Mild Wear Occurring in

Pure-Metal/Semiconductor Rubbings. Proceedings of the Twenty-
Fifth Japan Congress on Materials Research, Masanaga Kunugi,
ed., The Society of Materials Science, Japan, 1982, pp. 139-144.

. Mishina, Hiroshi; and Buckley, Donald H.: Friction Behavior of

Silicon in Contact with Titanium, Nickel, Silver, and Copper.
NASA TP-2362, 1984.

Hiroshi; and Sasada, Tadashi: Severe-Mild Wear
Transition Aluminum-Zinc Rubbing. Formation of
Semiconductive on the Sliding Surface. Proceedings of the
Twenty-Third Japan Congress on Materials Rescarch, Masanaga
Kunugi, ed., The Society of Materials Science, Japan, 1980, pp.
164-169.

Halbleitertheorie der Sperrschicht-und
Spitzengleichrichter. Z. Physik, vol. 113, 1939, pp. 367-414.

. Mott, N. F.: The Theory of Crystal Rectifiers. Proc. R. Soc.

London, Ser. A, vol. 171, 1939, pp. 27-38.

. Bardeen, John: Surface States and Rectification at a Metal Semi-

Conductor Contact. Phys. Rev., vol. 71, no. 10, May 15, 1947, pp.
717-727.

. Cowley, A. M.: Titanium-Silicon Schottky Barrier Diodes. Solid-

State Electron., vol. 13, no. 4, Apr. 1970, pp. 403-414.
Barrierenhohen von Metall-
Halbleiterkontakten. Solid-State Commun., vol. 5, no. 4, Apr.
1967, pp. 247-253.

. Jager, H.; and Kosak, W.: Dic Metall-halbleiter-kontaktbarrieren

der Metalle aus der Nebengruppe I und VIl autf Silizium und
Germanium. Solid-State Electron., vol. 12, no. 7, July 1969, pp.
511-518.

. Archer, R. J.; and Atalla, M. M.: Metals Contacts on Cleaved

Silicon Surfaces. Ann. N. Y. Acad. Sci., vol. 101, no. 3, Jan. 23,
1963, pp. 697-708.

. Seiranyan, G. B.; and Tkhorik, Y. A.: On the Schottky Barrier

Height of Mectal-GaAs Systems. Phys. Status Solidi., A, vol. 13,
1972, pp. K115-K118.

. Spitzer, W. G.; and Mead, C. A.: Barrier Height Studies on Metal-

Semiconductor Systems. J. Appl. Phys., vol. 34, no. 10, Oct.
1963, pp. 3061-3069.

M.; and Phillips, J. C.: Chemical Bonding and
Structure of Metal-Semiconductor Interfaces. Phys. Rev. Lett.,
vol. 35, no. 1, July 7, 1975, pp. 56-59.

Ottaviani, G.; Tu, K. N.; and Maver, J. W.: Interfacial Reaction
and Schottky Barrier in Metal-Silicon Systems. Phys. Rev. Lett.,
vol. 44, no. 4, Jan. 28, 1980, pp. 284-287.

Ho, Paul S.: Chemical Bonding and Schottky Barrier Formation at
Transition Metal-Silicon Surfaces. J. Vac. Sci. Technol., A, vol. 1,
no. 2, 1983, pp. 745-757.

. McGuire, G. E.: Effects of lon Sputtering on Semiconductor

Surfaces. Surf. Sci., vol. 76, 1978, pp. 130-147.

. Mark, Peter, et al.: A Comparison of LEED Intensity Data from

Chemically Polished and Cleaved GaAs (110) Surfaces. Surf. Sci.,
vol. 69, 1977, pp. 735-740.

Kﬁbler, B.; Ranke, W.; and Jacobi, K.: LEED and AES of
Stoichiometric and Arsenic-Rich GaAs (110) Surfaces Prepared by
Molecular Beam Epitaxy. Surf. Sci., vol. 92, 1980, pp. 519-527.



1. Report No. 2. Government Accesslion No. 3. Reciplent’s Cataiog No.
NASA TP-2405
Title and Subtitie 5. Report Date

>

Effect of Barrier Height on Friction Behavior of the December 1984
Semiconductors Silicon and Gallium Arsenide in Contact
With Pure Metals

8. Performing Organization Code
506-53-1B

~

. Author(s) 8. Performing Organlzation Report No.

Hiroshi Mishina and Donald H. Buckley E-2219

T(-). Work Unit No.

9. Performing Organization Name and Address
National Aeronautics and Space Administration 11. Contract or Grant No.
Lewis Research Center
Cleveland, Ohio 44135

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Technical Pa per
National Aeronautics and Space Administration
Washington, D.C. 20546 14. Sponsoring Agency Code

15. Supplementary Notes
Hiroshi Mishina, The Institute of Physical and Chemical Research, Wako-shi,

Saitama, Japan, and National Research Council - NASA Research Associate;
Donald H. Buckley, Lewis Research Center.

16. Abstract

Friction experiments were conducted for the semiconductors silicon and gallium
arsenide in contact with pure metals. Polycrystalline titanium, tantalum, nickel,
palladium, and platinum were made to contact a single-crystal silicon (111) surface.
Indium, nickel, copper, and silver were made to contact a single-crystal gallium
arsenide (100) surface. S1iding was conducted both in room air and in a vacuum

of 109 torr. The friction of semiconductors in contact with metals depended on

a Schottky barrier height formed at the metal-semiconductor interface. Metals with
a higher barrier height on semiconductors gave lower friction. The effect of the
barrier height on friction behavior for argon-sputtered cleaned surfaces in vacuum
was more specific than that for the surfaces containing films in room air. With a
silicon surface sliding on titanium, many silicon particles back-transferred. In
contrast a large quantity of indium transferred to the gallium arsenide surface.

17. Key Words (Suggested by Author(s)) 18. Distributlon Statement

Semiconductor Unclassified - unlimited

Silicon STAR Category 27

Friction

Wear

Gallium arsenide
19. s@ﬁﬁaiéiﬁ(bi this report) 20. Security Classif. (of this page) 21. No. of pages 22. Price’

Unclassified _[ Unclassified 11 A02

.- - . I — -

*For sale by the National Technical Information Service, Springfield, Virginia 22161 NASA-Langley, 1982




National Aeronautics and THIRD-CLASS BULK RATE Postage and Fees Paid
National Aeronautics and

Space Administration Space Administration
. NASA-451

Washington, D.C.

20546

Official Business

Penalty for Private Use, $300

R b ‘ 2 AlU,C. »4 1207 SO01e1DS
. DEFD OF FrE Alr FOrCE
ARG ENG UREVELOPMENT CENTER(AESC
ATTN® LIBRARY/DOCUMENTS o
AcNOLO AF STA I'W 3738y

. If Undeliverable (Section 158
POSTMASTER:
WA T TER Postal Manual) Do Not Return




