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coating a portion of the sem conductor

at
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to roomtenperature at- a

hour .
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| ayer consisting of 9t
pre-forms were placed -

device with nickel
(b) coating a portion of the header with
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| ess than 10[err] C per
m nut e.
300[err] C for six hours.
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(a)

The al l oy was then anneal ed
Subsequent |y,
was sl ow cool ed

rate of about 100[err]C per

(c) assenbling said device and sai d header
The anneal ed eutectic alloy was then hot

al | oy

together with an
rolled at a tenperature of 300[err]C and
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CO*MPLETE SPECIFICATION
'o.ned Structures and Methods of Makmg Same

We, TEexAS INSTRUMENTS: Inoonpommn,

‘13500, North Central Expressway, ‘Dallas,

Texas, United States- of Americd, -a- corpora-

-tion ‘organized and existing under the laws of

the State of Delaware, United  States 'of
America, do hereby declare the invention, for
which we

performed, to be particularly described in
and by the following statement:—
This invention relates to joined - structures

"and methods of making same,

- The present invention is a joined structure
comprising a first element having at least ‘a
surface thereof constituted of nickel,:a second
element having at least a portion of a surface

thereof constituted of gold, and an alloy-layer .

consisting of 9 to 15% germanium and the
remainder gold. attachmg said pomons of the

“surfaces together.

The present invention is also the method of

-making a joined- structure, comprising the :

steps of: placing an alloy layer comprised. of
9 to 159% germaniuny and the remainder gold
between one member having at least a- portion
thereof constituted of nickel and a. second

“member having at least a portion thereof

constituted of go-ld and heating the assembly -
to a temperature in excess of - 356°C 50 as to
bond said portions together E

The present invention .is also- the method

- of making a ‘joined structure, ‘wherein- said
.structure ‘includes " a sem»1cosnductor device

mounted ;on a header, compnsmg the steps .
of: : .
(a) coating a portion of the sem1conductor
device with: nickel,
(b) coating a portion of the header with
1d,

together with an mterpoomg alloy layer

- [Price 4s. 6d]

pray that a patent may be granted
"to ‘us, and the.method by which it is to be

. consisting of 889 gold and 129 ger-
. manium, and .
heating the assembly to' 2 tempers-
ture in excess of 356°C to bond said
layer to said nickel and said gold.

The present invention is also the method of
making e joined structure wherein said struc-
-ture includes a semiconductor device mounted
on a hea'det, comprising the steps of :

_ (@ coating a portion of the sennconductor

device with nickel,

(b) coatmg & portion of the header with

©

gold,
.assembhng said device and said header
. together with an interposing alloy layer
_consisting of 9 to 15 percent ger-

(d)

heating the assembly to- a tempera-
ture in excess of 356°C to bond said
layer to said nickel and said gold.

@

structuce wherein said structure is laminated
and includes a- semiconductor structure com-
‘prising: a semiconductor device, a support
therefor, a nickel coating on a portion of
said -semiconductor device, a gold coating on

50 .

55

manium and the remainder gold, and - .

50

The present invention is also a joined -

65

said support, and an _alloy layer consisting of -

9 to 15 percent germanium and the remainder

. gold 'attaching said devicé to said support .

: by bonding the alloy layer to the- mckel and
gold -eenting, . -

. 'The present invention is also a ]omed struc-
ture wherein said structure is laminated
and includes 2 semiconductor. structure: com-
prising: - a semiconductor device, a support
therefor, a nickel coating on a portion ‘of
said semiconductor device, a. gold coating, on

coatngs

75

: . said support, and an alloy layer -consisting of
© assemblmg said device and said header 12 percent germanium: and 88 percent gold 80

attachmg saxd device to said support by bond-



surface of a gold plated "Kovar"

transi stor.
said struc-
| am nated—

bei ng mai nt ai ned

356[err] C,
coating on

aﬁ;OI’

header
The unit was then heated
hydrogen at nosphere t

structure conpri sing:
| ting point of the eut
75

for sai d ni ckel

n a

a

and sai d gol d.
5. Ajoined structure wherein

0 a tenperature of ture is
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a sem conduct or device, -15 above
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tion of sald?“ conductor device, a gold The bonded col | ector and
header sQrucT e was coating on-sai@nggpport and an aIon | ayer

then co A ' ereent
ger mani um ing the allashhyérlm akg tagdngeid a tehe Melting/\win)RE She quaEtc mRlet e

remai nder- govadng t a devi ce 2gler tooband helethe mckﬂapué goiden:
Speci {1 o fqpii il S ko o ey e e ix:
specific & X & et i@ertﬁ&@’ﬁﬁih@raccoﬁ ﬁﬁg m@ anslmgﬂ his! iai B »
coat i ngs. uzwmthHperatures may a Almeoi ned

struct ur e .whe

ture is |l am

structur elocormgl$hm¢a@anﬁeﬁﬂhewd

i gsszsp samAgipm phase. ding
BridRE FRREE s

H&Haﬁﬁred

a support t Hemed when brmtrlm&keilckdamtqdn

structure c
coat-
support,
havi ng at si
of a surfac
sup-

i R R

Hngemmaﬁlca;sxsﬁ@ya r88e/0 by wexght of seqmﬁwnmobmf theniséties,| thé

i

,mﬂﬁg fler

gold and germanium found in the alloy at the

0 eutectic point temperature of 356°C (Figure
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1). The above-mentioned weight rarge can -
vary within 3% by weight of the germanium
in both directions. The criwcible containing
the gold and the germanium is ‘placed in a
non-oxidizing atmosphere such as. hydrogen
oc -a vacuum, and is heated to a temperature
in excess of 1063°C to be certain that both
the gold and germanium have melted in the
cruc1ble, 1063°C being the melting point of
the highest melting componeént, namely gold.
After the gold and germanium have melted
the mixture is slowly cooled. (It should be
nioted that if the final éutectic alloy is to be
used for evaporation purposes the slow cool
is not necessary). The cooled mixture is then
annealed when it reaches a temperature of
preferably 300°C but at least less than 365°C,
the melting temperature of the eutectic alloy
which is formed. An annealing tithe in excess
of six hours may be used with the eutectic
alloy suffering no ‘harmful results. -

Pre-forms are then produced from the eutec-
tic alloy by hot rolling the alloy at'a tempera-
ture of about 300°C and then cutting into
the desired shapes. The pre-forms need not
be slow cooled from the 300°C temperature
t0 room temperature since they have already
been annealed.

After the pre-forms “have ‘been fabricated,
they are placed in contact with the metal
surface on which they are to be bonded as,
for example, a nickel plated ¢elleetion region
of a transistor. The alloy will also be placed
in contact with a gold surface such as the
gold plated surface of a “Kovar” header for
a transistor. “Kovar” is a Registered Trade
Mark. In order to form the bond between
the pre-form and the transistor collector, the
unit is heated in a non-oxidizing atmosp! here

0 a temperatute in excess of 356°C and

preferably in excess 6f ‘400°C. The heating
may be accomplished by transporting the unit
through: a‘furnace having a temperature profile
as illustrated in Figure 2. The bonding
temperature must, of necessity, be higher than

lector region’

t&"-'

thh(‘sﬁwly cooé_ed o 2 '!mg
a ing 8 Figure s Hoged it
Ut
i mggmdﬁ‘%‘?% ko0l d
315y p .
pamotndd @benent

e S O

19 atomic percent germanium and 81 atomic
percent gold is in equilibrium with a ger-
manium rich phase of 42 atomic percent ger-
manium: and 58 atomic percent gold. The
average of these two m -equilibrium is the
eutectic mixture.

- The bond that the ‘eutectic alloy makes with
the nickel surface is two-fold. - At 500°C the

at which 1o PRERIE ata portion
;Euto sai d

8

90

nickel is far below its melting point, ~ How-

éver, ‘the gold-germanium eutectic alloy is in
the molten state though the temperature is
substantw.lly ‘below the melting point of -gold
‘or germanium taken alone. Reference to a
solid solubility curve between ‘nickel andl gold
will reveal the fact that a very minute amount
of gold will go into solution with nickel metal
at 550°C since the gold-germanium eutectic
is a-gold tich mixture (88% by weight gold).

When -the eutectic alloy is returned to room

temperature ‘most of the gold that went into
solid solution with the nickel metal precipi-
tates out ‘and goes back into the gold-ger-
maniuny eutectic ‘mixture, However, a very

95

100

105

small amount of gold still remains in solid -

solution form in the nickel metal. Thus,
as repeesented in Figure 3, a very thin layer
of gold-nickel as répresented by the composite
solubility is formed between the gold-ger-
manium eutectic alloy and ‘the ‘nickel surface.
Normally, and ‘especially for electioless nickel
vlated surfaces, the surface of the nickel will
be granular in nature and very porous. The
gold-germanium eutéctic alloy fills up the

110

115

porous nickel surface and forms a ‘bond, this -

‘bond being a result of the difference in the
coefficient of éxpansion of the gold-germanium

"eutectic alloy and the nickel suiface. Thus,

120

a bond is formed between the gold-germanium _

eutectic alloy and the nickel surface.
ESAMPLE

82 grams -of gold and 12 grams of ger- -

manium were placed together in & crucible in

‘dn inert atmosphere of ydrogen gas .and -

125

heated to 'a temperamre slightly in excess of --

1063°C. The mixture was then cooled from
the temperature in excess of 1063°C to 300°C



of gold, and an alloy |ayer consisting of 9 to port by bonding the alloy

| ayer to the nickel 90 30 15% germanium and the remai nder gold and

gol d coati ngs. attaching said portions of the surfaces together.
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The times and temperatures, weights, per-
centages, etcC., have been specified for a
specific example; however, other times and
temperatures may also be used within the
scope of the appended claims.

WHAT WE CLAIM I1S:—

1. A joined structure comprising a first
element having at least a surface thereof con-
stituted of nickel a second element having at
least a portion of a surface thereof constituted
of gold, and an alloy layer consisting of 9 to
15% germanium and the remainder gold
artaching said portions of the sucfaces together.

2. The method of making a joined structure,
comprising the steps of: placing an alloy
layer comprised of 9 to 15% germanium and
the remainder gold between one member
having at least a portion thereof constituted
of nickel, and a second member having at
least a portion thereof constituted of gold,
and “heatin the assembly to a temperature

.in excess of 356°C so as to bond said portions

together.

3. The method of making 2 joined struc-
ture, wherein said structure includes a semi-
conductor device mounted onr a header, com-
prising the steps of:

(a) coating a portion of the semiconductor

device with nickel,

(b) coating a portion of the header with

gold,

(c) assembling said device and said header
together with an interposing alloy
layer consisting of 889% gold and 129,
germaniuny,
heating the assembly to a temperature
in excess of 356°C to bond said layer
to said nickel and said gold.

4. The method of making a joined struc-
ture, wherein said structure inciudes a semi-

(@

-conductor device mounted on a header, com~

prising the steps of:

and the remainder gold attaching said device
to said suppeort, by bonding the alloy layer
to the nickel and gold coatings.

6. A joined structure wherein said struc-
ture is laminated and includes a semiconductor
structure comprising: a semiconductor device,
a support therefor, a nickel coating on a por-
non of said semiconductor device, a gold coat-
ing on said support, end an alloy layer con-
sisting of 12 percent germanium and 88 per-
cent gold attaching said device to said sup-
port by bonding the alloy layer to the nickel
and gold coatings.

7. The method of meking a joined struc-
ture, wherein said structure includes a semi-
conductor, comprising: mounting a semicon-
ductor device onto a header as in claim 3
substantially as hereinbefore described.

8. A semiconductor structure substantially
as hereinbefore described and illustrated in
Fig. 3 of the accompanying drawing.

9, A semiconductor structure when made
in accordance with the method claimed in
any of claim 3, 4 or 7.

10. The method of making a joined struc-
ture which is lamipated comprising: joining
one member to another member, each of wluch
consists at feast in pact of metal a8 claimed

in claim 3 and substantially as hereinbefore

described.
11. A structure when made in accordance
with the method as claimed in claim 2 or 10.
12. A joined structure which is laminated
substantially as_hereinbefore described or_as
illustrated in Fig. 3 of the accompanying
drawing,

H. D. FITZPATRICK & CO.,
Chartered Patent Agents,
3, Gray’s Inn Square,
London, W.C.1,
and
5, Park Gardens. Glasgow €.3.
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hydrogen atmosphere to a temperature of
550°C, the te ture being maintained
above 356°C, the melting point of the eutec-
tic mixture for a period of eight minutes.

‘The bonded collector and header structure was -

then cooled to room temperature. _

The times and temperatures, weights, per-
centages, etc., have been specified for a
specific example; however, other times and
temperatures may also be used within the
scope of the appended claims.

WHAT WE CLAIM IS:—

1. A joined structure comprising a first
element baving at least a surface thereof con-
stituted of nickel a second element having at
least a_portion of a surface thereof constituted
of gold, and an alloy layer consisting of 9 to
159% germanium and the remainder gold
attaching said portions of the surfaces together.

2. The method of making a joined structure,
comprising the steps of: placing an alloy
layer comprised of 9 to 15% germanium and
the remainder gold between one member
having at least a portion thercof constituted
of nickel, and a second member having at
least a portion thereof constituted of gold,
and heating the assembly to a temperature
in excess of 356°C so as to bond said portions
together,

3, The method of making a joined struc-
ture, wherein said structure includes a semi-
conductor device mounted on a header, com-
prising the steps of:

(a) coating a portion of the semiconductor

device with nickel, )

(b) co%ting a portion of the header with

gold,

(c) assembling said device and said header
together with an interposing alloy
layer consisting of 889 gold and 12%

jum, and :
heating the assembly 10 a temperature
in excess of 356°C to bond said layer
to said nickel and said gold.

4. The method of making a joined struc-
ture, wherein said structure includes a semi-
conductor device mounted on a header, com-
prising the steps of:

G
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aer manium
~J T

QF ik Yinfcondueter
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(b) coating Lipertion: plothe heademwitthgent s,

gOld, '
(c% assembling said dev:lJ’Ce a% ﬁ%l l%zndep
C{3kether with an  interposih@ C4lidy
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a

COM layer consisting of 9 to 15 percent gerand

manium and th
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be 50t jeinee structure wherein said struc-
ture is laminated and includes a semiconductor
structure comprising: a semiconductor device,
a support therefor, a nickel coating on a por-
tion of said semiconductor device, a gold
coating on said support, and an alloy layer

" consisting of 9 to 15 percent germanium

and the remainder gold attaching said device
to said support, by bonding the alloy layer
to the nickel and gold coatings.

6. A joined structure wherein said struc-
ture is laminated and includes a semiconductor
structure comprising: a semiconductor device,
a support therefor, a nickel coating on a por-
tion of said semiconductor device, a gold coat-
ing on said support, and an alloy layer con-
sisting of 12 percent germanium and 88 pec-
cent gold attaching said device to said sup-
port by bonding alloy layer to the nickel
and gold coatings.

7. The method of making a joined struc-
ture, wherein said structure includes a semi-
conductor, comprising: mounting a semicon-
ductor device onto a header as in claim 3
substantially as hereinbefore described.

8. A semiconductor structure substantially
as hereinbefore described and illustrated in
Fig. 3 of the accompanying drawing,

9. A semiconductor structure when made
in accordance with the method claimed in
any of claim 3, 4 or 7.

10. The method of making a joined struc-
ture which is laminated comprising: joining
one member to another member, each of which
‘consists at least in part of metal as claimed
in claim 3 and substantially as hereinbefore
described. :

11. A structure when made in accordance
‘with the method as claimed in claim 2 or 10,

12. A joined structure which is laminated
substantially as hereinbefore described or as
illustrated in Fig. 3 of the accompanying
drawing,

H. D. FITZPATRICK & CO.,
Chartered Patent Agents,
3, Gray’s Inmn Square,
London, dW.C. 1,

an
5, Park Gardens. Glasgow C.3
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