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COMPLETE SPECIFICATION.

A Method for Plating a support for a Silicon Wafer in the
Manufacture of Semiconductor Devices. :

We, TEXAS INSTRUMENTS INCORPORATED,
a Corporation organized according to the
laws of the State of Delaware, United
States of America, of 13500 North Central

5 Expressway, Dallas, Texas, United States

. of America, do hereby declare the inven-
tion, for which we pray that a patent may
be granted to us, and the method by which
it is to be performed, to be particularly

10 described in and by the following state-
ment: —

This invention relates generally to a
method of manufacturing a semiconductor
device such as a rectifier or a transistor

15 in which a silicon wafer is secured to a
support including a header and a high
heat conducting metal intermediate the
header and the silicon wafer. More par-

: ticularly, the invention relates to a method

20 of plating the support prior to securing
the wafer.thereto, .

In the manufacture of a diffused silicon
power transistor, it is general practice to
secure the collector region of the silicon

256 wafer to a support which includes a cop-
per header having a molybdenum contact
attached thereto intermediate the silicon
wafer and the copper header. The purpose
of such a support is rapidly and efficiently

30 to dissipate the heat developed in the tran-
sistor duming its use. While silicon has the

-ability to provide good electrical opera-
tion at high temperatures, its most efficient
electrical operation occurs at lower tem-

13 peratures. Therefore by reason of its high
thermal conductance, the support dissipates

the heat developed in the transistor and -

maintains the latter at its most efficient

! operating "temperature. Additionally the
40 ‘mnolybdenum contact intermediate the

ragile silicon wafer and the copper header

[Price 4s. 6d4.]

‘or electrical means;
“be said to be “plated”, for example, gold-
‘plated. The word

‘words of the same

has a thermal coefficient of expansion

‘similar to that of the silicon wafer and

thus minimizes mechanical stress therein.
The manufacture of a semiconductor
power device and in particular the secur-

ing of the silicon wafer to the support has -

resulted in many difficult problems, some
of which are the protection of the silicon
wafer against impurity contamination from

-adjacent materjals and the . reliability of

the device during its life as effected by
the materials adjacent the wafer.
Accordingly, it is an object of the in-
vention to provide a method of plating a
support in a novel manner prior to secur-
ing a silicon wafer thereto, whereby the
silicon wafer is protected against impurity
contamination from adjacent material
when it is being secured to the support.
The word “coating” used herein is to be
construed in the generic sense as meaning
either the resulting structure, or the act
of placing a layer of protective material

.on a surface; the surface may then be said

to be “coated”. The word “plating” and
related words of the same derivation used
herein and in the claims is to be construed
In a specific sense as measuring either the

‘resulting structure, or the act of placing of a

layer of metal on a surface by chemical

the surface may then

“cladding” and related
y ) _derivation, used here-
in and in_the claims is to be constructed
In a specific sense as meaning either the
resulting structure or the act of placing

‘a_thin veneer of metal on a surface prin- -

cipally by mechanical means; the surface
then may be said to be “clad”, for example,

nickel-clad. Each of the above techniques
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silicon wafer is secured to a high thermal

conductance support including a header -
and metal contact attached thereto inter-

mediate ‘the header and wafer, the steps
of plating the support prior to securing the
wafer comprising masking a portion of the
exposed face of the contact, nickel-plating
the header and the unmasked surface of
the contact, removing the mask, and gold-
plating the header and the said portion of
the contact. _ o

The present invention is also a semi-
conductor support comprising a copper
header, a nickel-clad molybdenum contact
attached to-said header, nickel plating on
the entire area of said header except the
area covered by said -contact, and gold
plating on the entire area of said nickel
plating, and on and in direct contact with
the exposed area of said contact.

The present invention also provides an
assembly comprising a semiconductor sup-

port as defined in the next preceding para-

graph, a semiconductor wafer in direct
contact with the gold plating adjacent said

contact, and an insulating material cover-

ing the exposed area of said semiconductor
wafer. .

Plating the support in the manner dis-

closed herein and then securing the silicon
“wafer thereto results in a semiconductor

device having -the copper header nickel-

plated and gold-plated. and the contact

face to which the wafer is to be secured
only goldiplated. Generally, the silicon
wafer will have a nickel-plate bonded to
its. surface adjacent the contact and the
contact will have a nickel-clad thereon ad-

.jacent the wafer. It is the purpose of the
_invention to exclude the nickel-plate which
.is applied to the copper header from the

area between the: wafer and the contact
because said nickel-plate in this area would
laminate with the gold and the material
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Jllistrates a support e rbat 61, Ir
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denum contact 2 having a nickel-clad sur- 8

face, the nickel being brazed thereon. The

support is characterised by its high thermal

conductance and .its low electrical resist-

ance. Such a support is conventional for

a_semiconductor wafer in a silicon tran- 90

sistor power device and need not be des- ’

cribed in further detail. ' :
Figures 2 to 4 illustrate generally the

masking and plating of the support accord- :

ing to the invention. A mask 3 is applied 956

to the exposed face of the molybdenum

contact as shown in Fig. 2, the mask may

be any means which prevents nickel-plat-

ing from adhering to the masked face of

-the molybdenum contact. A suitable mask 100

would be number 470 type masking tape

produced by the Minnesota Mining and

Manufacturing Company. After the ex-

posed face of the molybdenum contact is

masked, the copper header and the un- 105

masked surface of the contact are nickel-

plated and the resulting structure is illus-

trated in Figure 3. The mask is then re-

moved and the support is gold-plated, the

resulting structure being shown in Figure 110

4, Tt can be seen from Figure 4 that the

face of the contact to be secured to the

silicon wafer is only gold-plated and the

copper “header is both nickel-plated and

gold-plated. : S
Referring to Figure 5, in the manufac-

ture of a power transistor, the collector

region of the silicon wafer 6 having a thin .

nickel plate bonded to its lower surface

is seeured to the exposed face of the 120

molybdenum contact by placing the wafer

.on the contact, applying varnish. 7 ovér

the wafer and baking the unit, for example,

at .270°C for 72 hours. The nickel-plating -

.around the copper header has particular 125

-utility in the baking operation since it acts i

.as a diffusion barrier between the copper -

header.and the gold-plate and silicon wafer,

thus protecting the silicon-wafer from im-

1156
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VIL
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according to cl §ePakird PROCEDURE - sonically clean with hot trichlor-
I. CLEAN SUPPORT ethylene for 5 minutes
A. Degrease 3—5 minutes B .Cyanide wash with agitation for 2 8o
B. Alkaline cleaner for 2—3 minutes . inutes
C. Two-stage water rinse, 5 seconds G- Water rinse, 5 seconds
25 each stage D. Activate nickel-plated support with
D. Bright dip using a nitric sulphuric solution containing 50% by weight
acid mixture for 2—3 seconds HCI for 2—3 minutes. . 85
E. Two-stage water rinse, 5 seconds E. Water at room temperature (20°)
. each stage B rinse, 5 seconds ]
30 F. Descale F. Light acid gold strike by electro-
G. Two-stage water rinse, 5 seconds plating using 8—9 volts for 4
each stage - - minutes (a process step which pre- 90
H. Light acid gold strike by electro- vents the copper header from oxi- fr,
plating using 8—9 wvolts for 5 . dizing and places about 8 to 10
35 minutes to prevent copper header microinches of gold on the surface
from oxidizing due to the bright dip of the header) .
(a process step which prevents the G. Two-stage water rinse, 5 seconds 95
copper header from oxidizing and each stage
* places about. 8 to 10 microinches of
40 gold on the surface of the header) VIIL. Acip GOLD-PLATE NICKEL-PLATED
' 1. Two-stage water rinse at room tem- SuPPORT BY ELECTROPLATING Usmc 3.5
perature (20°), 5 seconds each stage AMPS FOR 38 MINUTES OR 134 AMP
- J. Rinse with warm water, that is, MINUTES 100
water above room temperature, for
45 | 10 seconds * IX. CrLEaN

Rinse, smtably with water, and save

K. Dry gently with compressed air A.
: 50 as to reclaim gold
II. Mask EXPOSED FACE OF MOLYBDENUM B. Two-stage rinse with de-ionized
CoNTACT water, 5 seconds each stage 105
: C. Hot water rinse, 10 seconds
III. PREPARE FOR NICKEL-PLATING D. Dry

50 A, Activate unmasked surface of the
support with solution containing =~ WHAT WE CLAIM IS:—
50% by weight HCL for 2—3 1. A method of plating a support on

minutes which a silicon wafer is to be secured, 110
B. Two-stage water rinse, 5 seconds which support includes a header and a
56 each stage metal contact attached thereto, compris-

C. Light acgld gold strike by electro- ing the steps of masking a portion of the
plating using 8—9 volts for 3 exposed face of the contact, nickel-plating o
minutes (a process step which pre- the header and the unmasked surface of 115 -
vents the copper header from oxidiz- the contact, removing the mask, and gold-

60 ing and places about 8 to 10 micro- plating the header and said portion of the
inches of gold on the surface of the contact. . . .
header) 2. A method according to claim 1, it
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A. Hot trichlorethylene spray or ultra-
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B. Alkaline cleaner for 2—3 minutes _ Ininutes
C. Two-stage water rinse, 5 seconds’ G- Water rinse, 5_seconds
25 each stage . D. Activaté. nickel-plated support with
D. Bright dip using a nitric sulphuric solution containing 50% by weight :
acid mixture for 2—3 seconds HCI for 2—3 minutes. . 85
E. Two-stage water. rinse, 5 seconds Water at. room temperature (20°)
each stage rinse, 5 seconds
30 F. Descale F. Light acid gold strike by electro-
G. Two-stage water rinse, 5 seconds plating using 8—9 volts for 4
each stage * minutes (a process step which pre- 90
H. Light acid gold strike by electro- vents the copper header from oxi-
plating using 8—9 volts for 5 dizing and places about 8 to 10
35 minutes to prevent copper header microinches of gold on the surface
from oxidizing due to the bright dip of the header)
(a process step which prevents the G. Two-stage water rinse, 5 seconds 95
copper header from oxidizing and each stage’ _
places about 8 to 10 microinches of , : -
40 gold on the surface of the header) VIIL Acib’ GOLD-PLATE NICKEL-PLATED
' I. Two-stage water rinse at room tem- SupPORT BY ELECTROPLATING USING 3.5
perature (20°), 5 seconds each stage =~ AMPS FOR 38 MINUTES OR 134 Amp
J. Rinse with warm water, that is, MINUTES 100
water above room temperature, for
45 10 seconds * IX. CLEAN .
K. Dry gently with compressed air A. Rinse, suitably with water, and save
. so as to reclaim gold
II. Mask ExposEDp FACE OF MOLYBDENUM B. Two-stage rinse with de-ionized
CONTACT water, 5 seconds each stage . 106
C. Hot water rinse, 10 seconds
III. PREPARE FOR NICKEL-PLATING D. Dry
50 A. Activate unmasked surface of the ‘
support with solution containing =~ WHAT WE CLAIM IS:—
509% by weight HCL for 2—3 1. A method of plating a support on
minutes which a silicon wafer is to be secured, 110
B. Two-stage water rinse, 5 seconds - which support includes a header and a
55 each stage metal contact attached thereto, compris-
Light acid gold strike by electro- ing the steps of masking a portion of the ‘
plating using 8—9 volts for 3 exposed face of the contact, nickel-plating
minutes (3 process step which pre- the header and the unmasked surface of 115
vents the copper header from oxidiz- the contact, removing the mask, and gold-, .
60 ing and places about 8 to 10 micro- plating the "header and said portion of the

inches of gold on the surface of the
~ header)

contact.
2. A method according to claim ‘1, ir
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high thermal cond{igyct stpport

and metal contact attached
Bui | di ngs, Lond%retm%edmte the header and wafer,
may be obtainede steps of plating the support prior to

20

26

securing the wafer comprising masking a

-portion of the exposed face of the contact,
nickel-plating the header and the unmasked "

surface of the contaot, removing the mask,
and gold-plating the header and the said
portion of the contact.

6. A method accordmg to claim 5,
wherein the header is of copper, the metal
contact is nickel-clad molybdenum, and
the collector region of the silicon wafer

ort declapa e 9pats

PATEO s e cha
p

in- 1nsu1atmg maten£ Pgﬁgm‘} gﬂ& %ispl
posed area of said semiconductor wafer.

11. A semiconductor.support and wafer
assembly, substantially as hereinbefore
described with -reference to Fig. 5 of the
accompanying drawing.

12. A support onto which a silicon
wafer may be secured, substantially as

55

“hereinbefore described w1th reference to

Fig. 4 of the accompanying drawing.

H. D. FITZPATRICK & CO,,

60

has a nickel plate bonded to its surface, Chartered Patent Agents,
30 which surface is secured to the gold- 3 Gray's Inn Square,
plated portion of said contact. London, W.C.1,
7. A support for a semiconductor and
wafer when plated by the method claimed 5 Park Gardens,
in claim 1 or 2. Glasgow, C.3.
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