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SECFION C, PHYSICAL SCENeES

Electrical Contacts to Semiconducting Diamondsl

M. D. BELL' and W. J. LElVO,

Oklahoma State UDivenlty, Stillwater

INTRODUCTION

The successful use of insulators and semiconductors in electrical de
vices such as rectifiers, transistors, and photo-detectors has depended upon
the ability to produce low-noise electrical contacts having desirable elec
trical and mechanical characteristics. The transistor itself was invented
as a result of investigations of the nature of a metal-to-semiconductor
contact. The studies reported herein are the outgrowth ot studies ot the
electrical and optical properties of semiconducting diamonds (Bell and
Leivo, 1958). Our recent studies of magnetoresistance ot semiconducting
diamonds in high-pulsed magnetic fields (500 kG) showed the need to
produce low-noise ohmic contacts having high mechanical strength. With
out strong mechanical contacts the electrical leads would be forced trom
the diamond because of the high magnetic field. Also, our studies of
photoconductivity at liquid helium temperatures required electrical con
tacts which were not seriously affected by the stresses produced by
temperature changes.

The metal contacts considered herein are silver paint, titanium hy
dride, low-melting-point solders, probe contacts using thermo-compression,
and evaporated contacts. The relative merits of the contacts will be dis
cussed briefly in a later section; however, the titanium hydride method
makes the best electrical contact, and it has the greatest mechanical
stability and strength.

COMMENTS ON THE NATURE OF CONTACTS TO DIAMONDS

The simple method of applying silver paint contacts to semiconducting
diamonds has proven to be only partially successful so far as good elec
trlcal contact is concerned. Although a non-ohmic contact is desired in
cases such as the photovoltaic effect, it is usually desirable to have a low
noise ohmic contact which is mechanically stable. In Table I are llsted
several types of contacts that have been found useful by other investiga
tors.

The technique of bonding diamond to metals using titanium hydride
and silver solder was used by Pearsall and Zingeser (1949) which is the
same as Bondley's (194'1) method that was used on ceramics. Further
use of this method was achieved by Hall (19M) when he mounted dia
monds on tools using TtH, and sllver-copper eutectic solder. Another
technique which is similar to the TlH, method makes use of T1 - Ai • Cu
eutectic wire (Rodgers and Raal, 1960); however, it should be noted that
a temperature ot 1200 C was used. Details of the T1Ht method wUl be
given later.

It appears that the evaporation ot contacts onto the diamond surface
has not proven to be very successfUl, trom the small number ot investi
gators that have reported on such contacts. Our experience 18 that
evaporated contacts of various metals (Al, Ag, Cu, Au, pt) are mechani
cally stable but noiBter than silver paint contacts. Perhaps the answer
!-o '.his problem is asaociated with the wetting of the diamond surtace as
it has been shown that these metals do not wet the surface -readily
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(l'aldich and Kolesnlchenko, 19M). This is Wustrative of the fact that
go0d mech&nical bonds do not necessarily make good electrical contacts.

TEcHNIQUES OF MAKING CoNTACI'S TO DIAMONDS

The success of applying any electrical contact to a nonmetallio sub
stance depends in part on the cleaning ot the surface before application.
'I1le following procedure was established to insure a clean diamond sur
face:

(1) Reflux tor 2. hr in methyl alcohol or trichloroethylene.

(2) Treat in acid bath ot warm nitric acid or aqua regia.

(3) Rinse with distllled water and methyl alcohol.

A relatively clean diamond surface was assumed when using the
above procedure. If the diamond had been coated previously with metal
or other contaminants, then special cleaning procedures may be necessary.
Every-day cleaning of the diamonds for general use may simply consist
of successive baths in an organic solvent, nitric acid, diBtllled water, and
alcohol After cleaning, the contacts are .applied.

Silver paint (DuPont 4817) contacts were applied and allowed to age
from 3 days to 2 weeks at room temperature. Contacts made with the
paint were also cured at 90 C. The better silver paint contacts were
those which were room-temperature-cured tor two weeks. The noise
associated with the silver paint contacts is very large and contains a con
stant noise level plus noise pulses. The noise is voltage-dependent, and
there appears to be no correlation between the humidity and amplitude of
the generated noise. Silver paint contacts are, as one would expect,
mechanically unstable at low temperatures. No attempt was made to
measure the noise spectrum. It should be noted that on cleaning silver
paint from the diamond there is usually a resin fllm lett that is acid
resistant. The film may be removed with a solvent such as butyl acetate.

When a metallic contact is made to diamond using titanium hydride
it is necessary to heat the diamond to a temperature greater than 500 C
in an inert atmosphere or in a vacuum. Care should be taken to keep the
temperature below 1000 C because above this temperature the rate of
change of diamond to graphite becomes excessive. A 325-mesh titanium
hydride powder is applfed to the diamond in the form of a colloidal sus
pension in amyl acetate which contains a small amount of Acryloid resin.
The resin makes the powder adhere to the diamond surface. A special
solder alloy is then sprinkled over the titanium hydride, and a small drop
of amyl acetate is applied to make the solder adhere. Platinum lead
Wires can be attached before the titaniUJll hydride is applied. The dia
mond With the poWdered contact is then placed in a Blmple vacuum fur
nace. The furnace consists of a quartz tUbe of sufficient diameter to
allow the diamond to be inserted and· a nichrome heater ribbon wrapped
~und the tube to form a helix. The fumaee with the prepared diamond
18 placed into a vacuum evaporation unit, and the entire system is evac
~ted to a pressure of 10" mm Hg. The temperature ot the diamond is
~ to 705 C for 10 min. The temperature can be monitored with an
~!,,?n-eonstantan thermocouple. The decomposition of titanium hydride
"Nith the release of atomic hydrogen occurs rapidly near 700 C (Peanal1
and Zingeaer, 19f9). It 18 the hydrogen that helps to clean the mrface
lDd aids in obtaining a better metal-diamoDd contact. This method of
lPPlYing metallic contacts to semiconducting diamond has been used suc
cessfully in our laboratories for magnetoretdstance studies at hlgh-pul8ed
~netic fields (RusseU. 1966) and results in a mechanically and elec
~C::.Uy stable contact. It should be noted that the contact surface of the
....,..ond is etched and usumes a frosty ap~. However, the dam
age >.0 the surface is sUght, and the quality of tbe contact. allows~
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meta wbleb could not bave been obtained with other contacts since the
DOlle .. reducecI by approxSmately a factor of 100 over that of silver paint
contact& '!'be contact ratatance was also reduced by two orders of mag.
Dltude IDdlcaUng that the formation of high-resistance layers at the
metaI-dsamond interface did not affeet the quallty of the contact appreci
ably. one other item that f8 of interest 18 the removal of the contacts.
Tbe TI.IIIcuU contact may be convenienUy removed with a HNO. - HF
acid mixture heated to approximately 90 C.

Probe contactl are uaetul in special measurements on semiconducting
cUamooo. such .. the Hall effec:t and magnetoreslstance. This type of
contact to diamond .. diftlcult to obtain bec:ause of the desirability of a
very mna11 contact area. The thenno-compression technique used in mak·
ing contact.l to mUcon and germanium otters several advantages in obtain·
tna good probe contact.l to diamond. In particular, equipment and specialtoo... are readlJy available. The thenno-compression apparatus we con·
Itructed coD8l.lt8 of the following components:

(1) MIcromanipulator - the movements of the manipulator consist
of micrometer motion In the :e-1j direction and a microscope mo
tion in the % direction. A special mount holds the compression
tool.

(2) Tempreu thermo-compression tool with heating unit.

(8) Unltron microscope mounted on a special base so the contact
operation may be observed.

(') Heater platform to support the specimen and to maintain it at
the desired temperature.

(&) Microtlame torch.

The nan-head compression technique was utilized In the initial experi
menta UBlng pure gold wire (0.002" dia.) for the contact metal. The
contact was made to a type I diamond on the (111) face. The contact
wu not good. but the gold did adhere to the diamond surface. A slight
roupen1ng of the lurface in the case of semiconducting diamonds should
help In making th18 particular type of contact more stable mechanically
Al8o. the technique may be more luccessful if titanium wire is used sinet
it sa known to adhere to the diamond 8urface (Naidich and Kolesnichenko
IN4).

Low-melting aolders such as indium have not produced as good a
contact .. those prepared by the TlH, method, but with the proper precau
tlODI It .. poea1bJe that a usable contact may be obtained. Indium, lead
aDd tin would not be expected to form a good contact to semiconductin~
diamond becauae these do not wet the surface. The addition of smaI
amounts of Tl and Cr to nontransit1on metals increased their wetting o~
the diamond aurtace. Indium contacts were extremely noisy and mechani'
cally UD8t&ble at low temperatures. .

BYen though evaporated contacts bond Well to diamond, they have Dot
proven to be as aU8factory as expected since they are nolsier than silvet
paint. They are much more rellable, however, than paint contacts. '1'bf
cUamoDd Ia preheated in a vacuum to approximately 500 C before applying
the contact. After he&t1Dg. the contact Is eV4Lporated onto the diamond
The metals U8ed included Al. Ag, Cu, Au, and Pt. Platinum gave tilt
be.t contact and developed only a very ama11 photovoltage at the metal
dlamODd contact at low temperatures.

SUMMARY

=~de hall been used succeufuUy in applying electri~
aDd y 8tabIe contacts to IeJDfconducting diamonds. TIle nB
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l.oontacts are being used in magnetoreaistance measurements to provide
relatively noiBe-fr.ee contacts. Probe contacts can be applied using thermo
compression techniques, with some modifications, for measurements of the
Hall effect and similar experiments where probe connections are required.
Other contacts which have proven to be useful are silver paint, evaporated
metalB, and low-melting solders.
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