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Otif invention relates io sleétric sermconductor devxces
such ds rectifiers, power transistors or photodrodes whose
semiconductor body consists of substantlally monocrystal-
liné silicon, and is dn improvetient over theé- method dis=
closed and claimed in the copendmg apphcatlon of Nor-
bert Schink and Adolf Herlét, Sérial No. 711,967, filed
Jdnitary 29, 1958, now U.S. Patent No. 2,959,501, as-
signed to the assighee of the present mventlon More
speuﬁcally, theiefore, our" mventlon concerns the mant-
facture of semiconductor devices in which the silicon
ciystal is fusion-joimed w1th a contact electrode con51stmg
of a gold-antimony alloy with' 0:2 tg 5° % preferably about
1%, antrmony and a trace content of atsentc, the amoint
of arsenic being between 0.001 and 0.1% relatmg to th
total quantlty of the gold- antlmony alloy. - It 'i§ an objéct
of our invention to fiiithér improve t rel'ab1hty and
uniformity of  the silicon sémicondiuctor devices made
with the aid of a process of the type mentroned 4bove,

In accordance with our invention v provide thé g 1d-
antimony-arsenic alloy with an additiorial tFace content
of oxidic oxygen beforée alloying the alloy together w1th
and into the adjacent surface zoné of fhe silicof
¢rystal. By “oxidic oxygen” we mean oXygén present of
available as the oxide.

We have found that partlcularly favora‘ole results with
respect to the absenice of faults in th products are ob-
tained if the oxygen addition is 0:01% and
nearly 0.1% relating to the total weight of the gold-anti-
mony-arsenic alloy.

For adding the oxyget, the quantlty of antlmony of' &

portioit thereof; to be' tised’ for formmg the alloy, is_ first

roasted in pulverulent form witliin an oxy en- contalnmg
atmosphere, for examplé in air. 1

first adinix the arsenic to the anfimoiy, and then {6 roast
the quantity. of antlmony, or.a portton theréof, 1equxred
for forming the alloy, in piilverulent foriti within dn CXy-
gen-containing atmosphere for~ examplé air. A furthe'r
way of adding the oxygén is t0' produce'a 110§ :
containing antimony and oXygeh- contammg antrmony

“and then alloying this’ alloy together with the pure gold:
For- this” purpose the- gold

" in the proper progortions.
-content can be 1ncrementa11y incréased during several
successive melting processes’ whérgby, an accuirate dosage
is more readily obtainéd.

- Acc¢ording to the copendmg application of Adolf Her-
let, Hubert Patadloiig dnd Norbett Schink, Serial No
769,295, filed October 24, 1958, now U.S. Patent No
2,937,113 and as51gned to thg’ assighice of the présént in-
vention, the gold- antxmony alloy to be 4l Oyed into the
silicon monocrystal may b provided with 4 frace con-
tent of sulfur, preferably between 0.0001% and 0.1%.
relatmg to the total weight of the gold-antimony” allsy.
Such a trace: content of Sulfur cad also bé additionally
provided in the miethod according o the present inven-
tion. For' this purpose, for’ examiple, a pre-alloy can be
prepared from differeiit kinds of antunony, namedy of
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aféenie- contalnmg antimony, oxygen-contalmng antl-
mony, and sulfur-contammg antimony. This pre-alloy
is fHen alloyed together with pure gold preferably in a

stépwise manneér ds described above,

An-embodinent of prodticing at alloy '1ccordmg to the
invention will be described presently The piocess is
carfied ouit by first preparing three different Kinds of
ailtifiony, 4, B and C.

Antimony A

95 grdm§ aftifilony dre melted tosetiier With 5 grams
drsenic’ at-approximaftély 610° C.

Antimony B

100 prams antlmony powder are rmsted in air at a
gradually increasing temperature and aie thiis heated
up tor melting temperature of approxrmately 635° C.
After coolmg the oxygen-containiig antimony, the OXY-
gen content is determined by analysis. Ofi thé averags;
an oxygen content of 2% will be determined: Howeéver,
departures from this valite may occur, for exaiple die
to- differences in the granulation of the antunony powder;
differerices in’ thie duration of progtain of thé heatmg
process, or differences in the. amoiint ¢f ths maximum
temperature being reached.

Antiwitony C
. 100 grams antimony powder afe melted fogether With
2 grams: flewers of sulfur by Heating &t about 635° C.
The sulfur content is determinéd: by analysis. It is as:
sumed; for example, that a sulfur confent of 1% is thus
found: FHowever, departires from thi§ value may. ilsc
occur as a result of the differences in the performance of
the melting process mentioned in the foregoing par agraph

For. obtaining -the - correct proportion: of “the various
additions to be made to- thé gold-antimony alloy ready‘
for use; suitable quantitiés of the antimony kinds; A, B
and € are melted: together with an' additional quantity
of pure antimony at & température of approximately 635°
C: . By calculation, the following weight proportions aré
determined for the example déalt with above:

2A4-50B4:10C4-38 St

-In this manner, there is obtained an antimony-arsenié- ,
oxygen-sulfur alloy with 0.1% arsenic; 1% oxygen and
0.1% sulfur. A portion of this pre-alloy, for example
100 grams, are melted togethe1 with 300 gramis pure gold
at about 360° C. 'This mixing proportion corresponds
to the Au/Sb entectic with a content of 25% Sb. When
400 grams of this eutectic alloy are melted togéther with
9600 grams pure gold: at about 1100° C.; the resulting
composition- in'the amouat of 10 kﬂogram consists of
ready-for-use gold-antimony alloy with the desired trace
contents.of added elements. The necéssary quantities re=
quired for alloying the metal into the silicon mono-
crystals can then be taken from this supply; . For this
purpese it is preferable to roll the above-tentioned gold-
antimony alloy into the form of foils.  Thi§ ¢can be done
without particular difficulty with an: alloy’ contdinifig the'
above—stated quantities of individual alloy componénts.

For the production of rectifiers it had been found: ad-
vantageous- to .roll the foil thickness down to abotit: 0.1

. mm. For the production of: transistots, £6ils' rolled' down:
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‘to a thickness of_ about 0.04 mm, ‘have been fousd to be

favorable.-
CItis preferable to perform the above-described ‘melting

. processes im an atmosphere of inert gas; for example

70

argon, nitrogen or, carbon monoxide; because otherwise the
desired dosage of the respective additions; under certain’ -
crrcumstances may- be affected by uncontrolled evapora-
tion, Such danger is partrcularly present when using
temperatures above 3006° C., and also in meltmg processes
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in which the antimony content of the melt is very small

in comparison with the eutectic Sb/Au ratio of 25%.

Tests have shown that, in conjunction with the above-
described trace additions of oxygen and/or sulfur, the
arsenic content can be reduced down to one order of
magnitude smalier than stated in the example, namely
down to 0.0001% of the total quantity of the-gold-
antimony alloy, without appreciably decreasing the - de-
sired result.

The method of joining of the electrode with the silicon
body by the formation of a diffusion alloy at the bound-
ary zone is described in detail in our copending applica-
tion Serial No. 711,967. One such method is effected by
assembling disc-shaped silicon bodies on both sides with
electrode foils located in face-to-face area contact there-
with. Any desired carrier plates may also be assembled
by placing them onto the foil electrodes.. The entire
assembly is then placed between pressure plates, for
instance of graphite, and is clamped between: these plates
while being heated to a temperature between about 700°
and 800° C. for approximately 5 to 10 minutes. This
suffices to produce the desired alloyed fusion joint be-
tween the silicon body and the electrode foil according
to the invention. Another method- of joining the elec-
trode with the silicon body is described in the copending
application of R. Emies, Serial No. 637,029, filed January
29, 1957, and assigned to the assignee of the present
invention. -

Illustrated on the drawing, by way of example, is a

silicon rectifier made according to the present invention.
. The rectifier comprises a monocrystalline semi-con-
ductor body 1 of p-conducting silicon, shaped as a flat
cylinder of approximately 0.4 mm. thickness and a di-
ameter of approximately 10 mm. Joined with the top
surface of the silicon crystal is an electrode 2 of gold
foil containing approximately 99% gold, approximately
1% antimony, a trace of-arsenic amounting to about
0.01%, a trace of oxidic oxygen-amounting up to about
0.01%, and may also contain a trace of sulfur amount-
ing up to about 0.1%. The foil 2 has a thickness of
about 0.05 mm. and a diameter of approximately 9 mm.
Joined with the bottom surface of the silicon body 1
is an electrode 3 of aluminum having a foil thickness of
approximately 0.05 mm. and a diameter of approximately
9 mm. Both electrodes are fushion-joined with the silicon
body by one of the methods described above, so that an
_alloyed merger zone exists between each electrode and
the semiconductor body, the alloy penetrating and diffus-
ing somewhat into the silicon body. A barrier layer is
formed in the boundary zone between the gold-alloy elec-
trode 2 and the silicon body 1 so that the device has
a symmetrical conductance.

A gold-antimony-arsenic-oxygen alloy - according to
the invention may also be used for producing a barrier-
free junction. In this case, the silicon body must have
n-type conductance. It will also be understood -that
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various other metals, forming barrier-free contacts may

be used as counter-electrode instead of aluminum foil 3.

It will be obvious to those skilled in the art, upon a
study of -this disclosure, that this invention permits of
various modifications and alterations with respect to the
individual method steps disclosed, and hence can be
embodied in equipment other than as particularly illus-
trated and described herein, without departing from the
essential features of the invention and within the spirit
and scope of the claims-annexed hereto.

We claim:

1. The method of producing an electric semi-conduc-
tor device having a substantially monocrystalline silicon
body and an electrode on said body, which comprises
forming an alloyed composition of gold, antimony and
traces of arsenic and oxygen in amounts between about
0.2 and 5% antimony and about 10— to about 10~1%
arsenic, and containing a trace of oxidic oxygen in an
amount between 10-2 to about 10-1%, the remainder
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being substantially all gold; and alloying the compost-
tion together with the silicon body to form an area
fusion joint between said body and said electrode.

2. 'The method according to claim 1, including the step
of roasting antimony in- pulverulent form within an oxy-
gen-containing atmosphere-at a temperature of approxi-
mately 635° C. to introduce said -oxidic' oxygen content.

3. The method according to claim 1, including the step
of roasting' arsenic-containing antimony in pulverulent
form within an oxygen-containing atmosphere at a tem-
perature of approximately 635° C. to introduce said
oxidic oxygen content.

4. The method according to claim 1, including the
steps of first forming a pre-alloy from arsenic-containing
antimony and oxygen-containing antimony and there-
after alloying said pre-alloy with substantially pure gold.

3. The method of producing an electric semi-conductor
device having a substantially monocrystalline silicon body
and an electrode on said body, which comprises forming
an alloyed composition of.gold, antimony and traces of
arsenic and oxygen in amounts between about 0.2 and
5% antimony and about 10— to about 10—1% arsenic, and
containing a trace of oxidic oxygen in an amount be-
tween 10—2 to about 10-1%, the remainder being sub-
stantially all gold, and including the steps of first form-
ing a pre-alloy from arsenic-containing antimony and
oxygen-containing antimony and thereafter alloying said
pre-alloy with substantially pure gold, stepwise increas-
ing the quantity of said gold by adding portions of gold
in a plurality of melting processes. )

6. The method of producing an electric semi-conductor
device having a substantially monocrystalline silicon body
and an electrode on said body, which comprises forming
an ‘alloyed composition of gold, antimony and traces of
arsenic and oxygen in amounts between about ¢.2 and 5%
antimony and. about 10— to about 10—1% arsenic, and
containing a trace of oxidic oxygen in an amount between
10-2 to about 10~1%, the remainder being substantiaily
all gold; and alloying the composition together with the
silicon body to form an area fusion joint between said
body and said electrode, and including the step of pro-
viding said oxygen-containing gold-antimony-arsenic alloy
with a trace content of sulfur in an amount between 10—*
and 10—1% prior to alloying said composition together
with the silicon body.

7. The method of producing an electric semi-conductoy
device having a substantially monocrystalline silicon body
and an electrode on said body, which comprises forming
an alloyed composition of gold, antimony and traces of
arsenic and oxygen in amounts between about 0.2 and 5%
antimony and about 10—% to about 10—1% arsenic, and
containing a trace of oxidic oxygen in an amount be-
tween 10—2 to about 10-1%, the remainder being sub-
stantially all gold, and including the steps of first form-
ing a pre-alloy from arsenic-containing antimony, oxygen-
containing antimony ad sulfur-containing antimony, and
thereafter alloying said pre-alloy with substantially pure
gold, stepwise increasing the quantity of said gold by add-
ing portions of gold in a plurality of melting processes.

8. The method of producing an electric semi-conductor
device having a substantially monocrystalline silicon body
and an electrode on said body, which comprises forming
an alloyed composition of gold, antimony and traces of
arsenic and oxygen in amounts between about 0.2 and 5%
antimony and about 10~¢ to about 10—1% arsenic, and
containing a trace of oxidic oxygen in an amount be-
tween 10-2 to about 10-1%, the remainder being sub-
stantially all gold, and including the steps of first form-
ing a pre-alloy from arsenic-containing antimony by melt-
ing approximately 95% antimony with about 5% arsenic
in an inert atmosphere at approximately 616° C. to form
an antimony-arsenic alloy, roasting a quantity of powder
containing a major amount of antimony in an oxidizing
atmosphere at a temperature of approximately 635° C.
to form an oxygen-containing antimony material, melting
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a further quantity of antimony together with sulfur to
form a sulfur-containing antimony material, combining
approximately two parts by weight of said antimony-
arsenic alloy, approximately 50 parts by weight of said
oxygen-containing antimony material, approximately 10
parts by weight of said sulfur-containing ‘antimony, and
approximately 38 parts by weight of pure antimony by
melting said proportionate parts in an inert atmosphere at
a temperature of approximately 635° C. to form said pre-
alloy, melting a portion of said pre-alloy with pure gold
" at a temperature of approximately 360° C. to form a
gold-antimony eutectic alloy, subsequently melting said
eutectic alloy in an inert atmosphere with a further quan-
tity of pure gold at a temperature of approximately 1100°
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.9. The method of producing an electric semi-conductor
device having a substantially monocrystalline silicon body
and an electrode on said body, which comprises forming
an alloyed composition of gold, antimony and a trace
of arsenic in amounts between about 0.2 and 5% anti-
mony and about 10— to about 10—1% arsenic, and con-

_ taining between 10—2 and 10-1% of an element selected

10

C., to form a further gold-antimony alloy, rolling said 15

last mentioned alloy down to foil thickness; and alloying
said foil together with the. silicon body to. form an area
fusion joint between said body and said electrode.

from the group containing oxygen and sulfur, the re-
mainder being substantially all gold; and alloying the
composition together- with - the silicon body to form
an area fusion joint between said body and said eléctrode.
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