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COMPLETE SPECIFICATION

Process for Making Ohmic Contact to a Semiconductor
Substrate

We, TEXAS INSTRUMENTS INCORPORATED,
a Corporation organised according to the
laws of the State of Dclaware, United States
of America, of 13500 North Central Ex-
pressway, Dallas, Texas, United States of
America, do hercby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it
is to be pcrformed, to be particularly des-
cribed in and by the following statement:—

This invention relates generally to semi-
conductor devices, and more particularly, but
not by way of limitation, relates to an im-
proved process for applying expanded metal-
lic contacts to germanium devices having a
planar configuration, and to the article of
manufacture resulting therefrom.

One process heretofore used for making
contact to the base rcgion of a planar ger-
manium transistor entails depositing a suit-
ably doped alloy, such as silver-gold-anti-
mony, gold-antimony, or silver-antimony,
over the surface of the photo-resist film used
to selectively open the base contact windows
in the silicon oxide layer. The metal layer is
then patterned by suitable photolithographic
mask and etch techniques to remove the ex-
cess alloy material and leave the alloy only
in the contact openings. After the photo-
lithographic masking material has been
stripped from the metal film that remains
in the openings and from the oxide layer, the

. metal film and base region are alloyed to

35

produce, upon recrystallization, a heavily
doped region to which aluminum or other
expanded contact material can be applied.

In the above described process, which is
generally employed, it will be noted that a
vacuum chamber and associated vapor de-
position equipment is required to deposit the
alloy film, and separate photolithographic

[Price 4s. 64}

masking and etching equipment is required in
addition to that requircd to dcposit and pat-
tern the film which forms the expanded con-
tacts.

Another process which is sometimes used
to establish good ohmic contact involves
cvaporatmg a tin-arsenic alloy onto the oxide
layer in which openings have been cut over
the base regions and then alloying the tin-
arsenic without further processing. The
molten tin-arsenic alloy does not penetrate
the oxide mask, but does “ball up” and wet
the germanium substrate where exposed
through the openings in the oxide mask, and
leave a heavily doped recrystallization
region. The excess tin-arsenic alloy can be
removed in acid to leave only the heavily
doped recrystallized region formed where the
substrate was cxposed through the oxide
layer. A metallic film is then deposited over
the substrate and patterned to form expan-
ded contact tabs which extend through the
cuts and make good ohmic contact with the
recrystallized regxons

Although these prior methods produce suit-
able semiconductor devices, they are complex

procedures which require considerable time-

and special equipment. This invention is con-
cerned with an improved process for making
good ohmic contact with a germanium, sili-
con, or other semiconductor substrate which
can be carried out quickly, simply and eco-
nomically both with respect to processing
time and the equipment required. The pro-
cess eliminates the need for evaporation
cquipment and reduces the necessary use of
photomask equipment, and several process-
ing steps are eliminated without the addition
of any extra steps of significance in the fab-
rication of a- transistor. As a result of the
elimination of processing steps, breakage due
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to handling is reduced. Higher yiclds have
been attained and aluminum ecxpanded con-
tacts can be used without fcar that the melt-
ing point will be lowered by traces of tin-
arscnic  which produce difficulties  during
header mounting, or without fear of increas-
ing the base resistance at bakc-out tempera-
tures by rcaction with silver-gold-antimony.
Further, the invention is adaptable to thin
epitaxial  collector layer devices because
alloying, which tends to reduce the collector-
basc breakdown voltage by penctrating the
base diffusion in a random uncontrollcd man-
ner, is avoided.

In accordance with this invention, a metal-
lic film is deposited by 2 displacement plat-
ing process, other than electro-plating, on an
exposed surface of the semiconductor sub-
strate €.g. areas exposed by openings cut in
an oxide layer previously formed over the
substrate surface. The expression “displace-
ment plating process” as uscd herein refers to
a process which is capable of producing 2
metallic deposit on the surface of a base
member by simply immersing the base memnl-
ber in a suitable plating solution without re-
quiring’ an external electromotive force. Tt is
thereby to be contrasted from electro-plating
procedures. The process is chosen such that
the surface molecules of the substrate are re-
placed by metal molecules to form a metal-
lic fillm in good ohmic contact with the sub-
strate. Such a process may be more speci-
fically termed as a galvanic displacement
plating process. By depositing the film only
over selected exposed arcas of the substrate,
the necd subsequently to pattern the metallic
film deposited by the displacement plating
process can be eliminated. A second metallic
film, such as aluminum, can then be evapora-
tively deposited over the entire substrate, in-
cluding the film areas deposited by displace-
ment plating and patterned to form expan-
ded contacts which are in good ohmic con-
tact with an underlying active region in the
substrate through the film deposited by dis-
placement plating.

In accordance with a more specific aspect
of the invention, either palladium or plati-
num is deposited fromr 2 dilute, slightly
acidic, halide solution as a disptacement plat-
ing. For example 2 solution of palladium
chloride which has been adjusted to a pH
value of approximately 2 with hydrochloric
acid, allowed to become saturated at room
temperature, diluted to a ratio of 100 to 1
to 300 to 1 and readjusted by the addition
of hydrochloric acid to a pH of between 1
and 2 can be used to chemically plate palla-
dium on the exposed surface of a germanium
substrate. The reaction i8 rapid and 2 metal
film of sufficient thickness is attained by
immersing the germanium slice in the solu-
tion for from 5 to 15 seconds. The palladium
is then thoroughly cleaned and baked in a

reducing  atmosphere  for from onc-half to
three hours at a temperaturc of from 400°
to 350°C, the period depending  upen the
temperature, 10 further decrease the resis-
tance of the contact. .

By way of cxample the invention will be
described in greater detait with reference to
the accompanying drawings, whereits:

FIGURES 1-—3 arc schematic cross-8cc-
tional vicws of a transistor i various stages
of fabrication which scrve to Hustrate a. pro-

cess cmbodying this invention and the re-

sultant product.

Now describing a specific cmbodiment of
the invention in dctail, a typical germanium
transistor device at an intermediate stage of
fabrication is indicated gencrally by the
reference numeral 10 in FIGURE 1. A ger-
manium substrate is compriscd of a relatively
lightly doped P-type germanium region 12
having a resistivity suitable for the cotlector
region of the transistor, and a morc heavily
doped P-type region 14 which serves as 2
fow resistivity contact region to which " a
metallic film will be make ohmic contact. An
N-type base region 16 has been diffused into
the P-type collector region 12 through a
masking frame 18 patterned from deposited
silicon oxide to form 2 collector base junction
20. At the samc time, a diffused N-type
region 21 is formed around the outer peri-
phery of the masking frame 18, but is of no
consequence in the operation of the transis-
tor device. A more heavily doped P-type
emitter region 22 is then formed by an alloy
process. As illustrated, the excess material
from the alloy process has been removed as
by etching, although the presence oOr absence
of the excess metal is of no consequence in
the present invention. A second silicon oxide
film 24 is then deposited over the entire sur-
face of the substrate and is patterned by

conventional photolithographic techniques to -

open base contact windows 26 and 28.

Next, metal films 30 and 32 are selec-
tively deposited by a displacement  plating
process only on the surface of the base region
16 that is exposed through the openings 26
and 28. This is accomplished by 2 plating
solution comprised of a dilute acidic metal
halide solution. For example, 2 palladium
chloride (PdCl;) solution may be prepared by
adjusting the pH value of the solution to ap-
proximately 2 which hydrochloric acid and
allowing the solution to become saturated at
room temperature, then diluting the saturated
solution with from 100 parts to 300 parts
of water per part of the saturated solution
and readjusting the pH of the diluted solu-
tion to between 1 and 2 with hydrochloric
acid. The substrate is merely dipped into the
dilute solution at room temperature and
brown metallic palladium films 30 and 32
are deposited on the surface of the germa-
pium substrate that is exposed through the
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openings cut in the oxide Iayer. The grain  detrimental reaction between the cmitter
sizc of the palladium film is so small that alloy material and the oxide.

is cannot be distinguished at 800X magni- In its broader aspects, the invention is
fication. Since the palladium film is formed not limited to displaccment plating on ger-

5 on the germanium surface due to chemical manium, but is cqually applicable to the 70
substitution of palladium for germanium, sclective plating on silicon with appropriate
there is no tendency for the palladium to plating solutions. For cxample, palladium
platc out on the oxide. The substrate is then may be plated on silicon using the same solu-
thoroughly rinsed in deionized water to tion herctofore described provided a small
quench the plating reaction and remove any amount of hydrofluoric acid (HF) is added 75
cxcess plating solution, and is dried by dipp- to the solution to cut through the thin oxide
ing the substrate successively in pure acetone, film that always forms on silicon when it
then pure trichlorethylene, the remainder of is cxposcd. The quantity of HF required may -
which is evaporated under a dry nitrogen mercly be that rcquired to readjust the pH
stream,

Next, the substrate is preferably baked in Further, platinum and most other Group
hydrogen, or forming gas, at a temperature VIII metals, except nickel, iron and cobalt,
substantially below the alloying temperature may be plated on semiconductor material.
to decrcase the clectrical resistance between In addition, silver, gold and some other

20 the palladium films and the base region. It mctals may bc plated on scmiconductor 85
has been found that a baking period of one- material in accordance with the present in-
half hour at 400°C, or one and one-half to vention, although gold and silver would nor-
three hours at 370°C is adequate. The mally be desirable on silicon rather than on
reason for the decrease in the resistance of germanium. By the selective displacement

25 the base contact as a result of baking is not plating of a metallic film only upon the sub-
fully understood although it is speculated strate and not upon the oxide film, the nced
that either the palladium film tends to sinter for evaporation equipment and photolitho-

. slightly, or the arsenic or other doping im- graphic equipment and solutions is elimina-
purities may tend to concentrate at the sur- ted. A number of process steps arc climina-

30 face of the base region to give a more ted with Oﬂly the added step of dipping the 95
heavily doped surface, either of which would substratc for a few seconds into the plat-
tend to reduce the resistance. An important IDg solution, and rinsing and drying the sub-
advantage of the excess is that the baking Strate, all of which requires an absolute mini-
step may be carried out at the same time, mum of equipment and can be accomplished

35 and at the same temperature of course, as in a relatively short period of time. If de- 100
the baking steps customarily used to improve Sired, the opening 34 over the emitter may
the electrical properties of the transistor. be cut at the same time as the openings

Next, a layer of photo-resist material is 26 and 28 over the base and the palladium
formed over the substrate, exposed and de- deposited over the emitter to eliminate
veloped to open up a window over the emit- another photolithographic step. The baking 105
ter region 22. The photo-resist protects the Step is carried out with the hydrogen bake
metal films 30 and 32 while the silicon oxide step already required in the manufacture of
layer 24 is etched to open the window 34 germanium transistors. Since a number of

‘and expose the emitter region 22 as illus- handling steps are eliminated, the breakage

5 trated in FIGURE 2. A metallic film, such rate is reduced. Further, when the holes in 110
as aluminum, is then evaporatively deposited the oxide are badly undercut by the etching
over the substrate, including over the metal solution, the process described has resulted
films 30 and 32 in the base cuts through in a much higher yield than when tin-arsenic
the oxide and over the exposed emitter region alloying was used. Aluminum cxpanded con-

22 and is patterned by conventional photo- tacts can be used without fear of traces of 115
lithographic techniques to form cxpanded tin-arsenic lowering the melting point and
base contacts 36 and 38 and an expanded causing balling during mounting of the wafer
emitter contact 40. A metallic film 42, such on the header, or without fear of an increase
as gold-gallium, is also deposited over the in base resistance at bake out temperaturcs
opposite side of the substrate to serve as a DY reaction with silver-gold-antimony. The 120
collector contact, process is particularly adaptable to the fabri-
The palladium does not appear to dope <cation of semiconductor devices having very
N-type germanium detrimentally at any of thin basc layers because any alloying, which
the processing temperatures encountered in is essentially an uncontrolled process insofar
60 the manufacture of transistors after the ap- as the depth of alloying is concerned, is 125
plication of the contacts. It is also advan- avoided.
tageous that the contacts be baked at 370°C,  Although preferred embodiments of the
which is well below the melting point of the invention have been described in detail, it is
aluminum alloy emitter material used in to be understood that various changes, sub-

65 many transistors, in order to prevent any Stitutions and alterations can be made in 130

of the solution after it is diluted. 80
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the proccss materials and steps without de-
parting from the scope of the invention as
defined by the appended claims,

WHAT WE CLAIM IS:—

5 1. A process for making ohmic contact
with a scmiconductor substrate having a
covering insulaging layer thereon with at
lcast onc opening providing an cxposed sur-
face portion of the substrate, comprising

10 plating by a displacement plating procedure
other than clectroplating the cxposed surface
portion only of the substrate through a reac-
tion in which a metallic material 15 at lcast
initially substituted for the semiconductor

15 material at the exposed surface portion of the
substratec to form a thin metallic film over
the exposed surface portion of the substrate
in ohmic contact with the substrate, with the
insulating layer remaining unaffected by the

20 displaccment plating so as to bc free from
any overlying metallic film.

2. A process as set forth in claim 1, where-
in the insulating layer covering thc semicon-
ductor substrate has a plurality of openings

25 thercthrough providing a plurality of ex-
posed surface portions of the substrate, and
plating by the displacement plating proce-
ducc other than clectroplating the plurality
of exposed surface portions only of the sub-

30 stratc to form respective thin metallic films
over cach of the plurality of exposed surface
portions of the substrate.

3. A process as sct forth in either of claims
1 or 2, wherein the semiconductor substrate

35 is provided with the covering insulating layer
by forming an oxide layer over the surface
of the semiconductor substrate and sclectively
removing a portion or portions of the oxide
layer to define one or more openings there-

40 through so as to provide one or more exposed
surface portions of the substrate for subse-
quent plating with metallic material by the
displacement plating procedure other than
electroplating.

45 4, A process as set forth in any preceding
claim, wherein the metallic material is palia-
dium or platinum.

5. A process as set forth in any preceding
claim, wherein the semiconductor substrate is

50 germanium or silicon.

6. A process as set forth in any preced-

ing claim, including the further steps of bak-
ing the substrate at an clevated temperature
to decrease the clectrical resistance between
the thin metallic film or films and the sub- 55
strate, depositing a further metallic film over

the insulating layer and the thin metallic

film or films, and selectively removing pre- /
dctermined portions of the further metallic

film to leave an cxpanded contact arca or 60
arcas in electrical contact with the thin
metallic film or films and thercfore with the
substrate.

7. A process as set forth in claim 6,
wherein the further mctallic film is alumi- 65
num.

8. A process as set forth in any preceding
claim, wherein the step of plating by the
displacement plating procedure other than
electroplating is carried out by immersing the 70
substrate with the insulating layer thereon in

a dilute acidic solution of a metal halide.

9. A process as sct forth in claim 8,
wherein the solution includes a small quan-
tity of hydrofluoric acid. 5

10. A process as sct forth in claim 6,
wherein the baking of the substrate is carried
out in a reducing atmosphere at a tempera-
ture in the range of 400°C to 350°C for 2
period of thirty minutes to three hours. 80

11. A process as set forth in any preced-
ing claim, wherein the substrate defines the
base, emitter and collector regions of a trans-
sistor and in which the thin metallic film or
films cre in ohmic contact with the base 85
region.

12. A process as sct forth in claim 1, sub-
stantially as described hercin, with reference
to the accompanying drawings.

13. A semiconductor substrate treated in 90
accordance with a process as set forth in any
preceding claim.

14. A semiconductor device produced by a
process according to any of claims 6, 7 or

.
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the proccss materials and steps without de-
parting from the scope of the jnvention 83
defined by the appended claims.

WHAT WE CLAIM 18:—

1. A proccss for making ohmic contact
with a scmiconductor substrate having 2
covering insulaging 1ayer thercon with  at
cast onc opcning providing an exposed Sur-
facc portion of the substratC comprising
plating by a displacement plating procedurc
other than clectroplating the exposed surface
portion only of the substrate through a reacs
tion in which 2 metallic material is at jeast
initially substituted  for the semiconductor
material at the exposed surface portion 0 the
substrate to form a thin metallic film over
the exposed surface portion of the substrate
in ohmic contact with the substrate, with the
insulating layer remaining unaffected by the
displacement plating_so_2s to be free from
any overlying metallic film.

2. A proces$ as set forth in claim 1, where-
in the insulating layer covering the semicon-
ductor substrate has 2 p\urality of openings
therethrough provid’mg a plurality of ex-
posed surface portions of the substrate, and
plating by the displacement plating proce-
duce other than electroplating the plurality

of exposed surface portions o y of the sub-

over_ each of the plurality of exposed surface

1 ot 2, wherein the semiconductor substrate
is providcd with the covering insulating fayer
by forming an oxide layer over the surface
of the semiconductor substrate and selectively
removing 2 portion Of portions of the oxide
layer to define one O more openings there-
through so as 10 provide on¢ or more expose

surface portions of the substrate for subse-
quent plating with metallic material by the
displacement plating procedure other than
clectroplating.

4. A process 3S set forth in any preceding
claim, wherein the metallic material i8 palia-
dium or platinum.

5. A process as set forth in any preceding
claim, wherein the semiconductor substrate 1S
germanium or silicon.

6. A process as set forth in any preced-

1,139,352

ing claim, including the further steps of bak-
ing the substrate at an clevated temperature
to decrease the clectrical resistance between
the thin metaltic film or films and the sub- 55
strate, depositing 3 further metallic film over.
the insulating layer and the thin metallic
flm or films, and selectively removing pre-
determined portions of the further metallic
film to leavc an cxpanded contact area Of 60
arcas in clectrical contact with in
metallic film of films and thercfore with the
substrate.

7. A process as set forth in cdaim 6,
wherein the further metallic film s alumi- 65

Stationery Office by
Office, 26, gouthsmpton Buildings, Lon

the - thin

m.

8. A process as set forth in any preceding
claim, wherein the step of plating by the
displacement plating procedure other than

electroplating 18 carried out by immersing the 70
substrate with the insulating layer thereon in -
a dilute acidic solution of 23 metal halide.

9. A process a8 set forth in claim 8,
wherein the solution includes 2 small quan-

hydroﬁuoric acid. 75
rocess as sct forth in claim 6, °

wherein the baking of the substrate is carrie
out in°a reducing atmosphere at 2 tempera-
ture in the range of 400°C to 350°C for 3
riod of thirty minutes to three hours. 80
11. A process a8 set forth in any preced-
ing claim, wherein the substrate defines the
base, emitter and collector regions of a trans-
sistor and in which the thin metallic film of
films cre in okmic contact with the base 85

12. A process as sct forth in claim 1, sub-
stantially as described herein, with reference

accompanying drawings.

]
13. A semiconductor substrate treated in 90
accordance with a process as set forth in any

preceding claim.
14. A semiconductor device produced by a
process according to any of claims 6, 7 or
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