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[571 ABSTRACT

A plurality of metal studs are plated on a chip carrier
surface in a pattern to match a terminal metal footprint
on a chip to be joined. The studs are of sufficient height
to permit flux cleaning, if necessary. After the studs are
in place, the chip is aligned with the carrier and at-
tached thereto, the chip pads containing a small amount
of solder to provide the connecting joints. The carrier
and chip are made cf materials having nearly equal
thermal expansion characteristics.

8 Claims, 2 Drawing Figures

APPLE 1018




U.S. Patent Dec. 25, 1979 4,179,802

AR RN

23/ 257 SOSSSISSSSS

19 197
35 33 B3  ——

ey v

& WMT

D2 ZANTIAN . SN AN AN s
Z rd

e L P T P PR T T e s
3 31 7 33 31 33

FIG. 2

s oe

2




4,179,802
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STUDDED CHIP ATTACHMENT PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to circuit intercon-
nection techniques, ‘and more particularly to an im-
proved method for connecting integrated circuit chips
to a carrier, especially large integrated circuit assem-
blies that experience excessive temperature excursions
during operation. :

REFERENCE TO COPENDING APPLICATION

Reference is made herein-to copending application
Ser. No. 848,955, filed Nov. 7, 1977 entitled “Method of
Manufacturing Printed Circuit Boards”, assigned to the
assignee of the present application.

PRIOR ART

The advent of large scale integrated circuit (LSI)
technologies is continually putting increased demands
on chip attachment techniques. This is further compli-
cated as the integration level increases, thereby increas-
ing chip input/output requirements and elevating the
overall chip size and power dissipation of the package
as well. In addition many applications experience large
temperature excursions, therefore requiring a substrate
that closely matches the thermal expansion characteris-
tics of the device. The Josephson technology is an ex-
ample where matched expansion carriers (MEC) and
attendant packaging techniques capabie of operating at
cryogenic temperatures are required. The existing and
evolving LSI, and the contemplated Josephson require-
ments can be advanced using a matched expansion car-
rier technology for chip and module packaging.

- A current chip attachment method used has a require-
ment for positioning solder balls on the base of an inte-
grated circuit chip, the solder ball then eventually being
reflowed after the chip is positioned on a carrier, with
the solder ball providing the interconnection between
the chip and the carrier. While this process has been
quite advantageous for prior integrated circuit technol-
ogies, because of the small chip size, thermal limitations
and the reworkability of such a packaging technique, its
future applications become limited. In addition, the use
of such a technology with a chip and carrier which do
not have matched expansion characteristics, places sig-
nificant stresses on the solder ball interconnections as
temperature cycling occurs, thereby diminishing the
overall reliability of the package. Such a solder ball
technology is illustrated in U.S. Pat. No. 3,577,037 and
more particularly in FIG. 9. Also, such a technology is
illustrated in FIG. 2 of U.S. Pat. No. 3,827,918.

Yet another method for fabricating connector com-
ponents is illustrated in U.S. Pat. No. 3,292,240. As
shown in FIG. 3, the substrate or carrier includes suit-
able circuitization on the surface thereof connected to
the underside of the pins that will form the ultimate
connections. Subsequently, a chip device is joined to a
metallic coated strip on the -substrate. However, in
order to° accomplish- this, suitably builtup contacts
which are . illustrated as -being spherical in form are
required. As with the previously described solder ball
technology, these spherical balls may utilize a substan-
tial amount of space-and further, the attachment tech-
nique requires the impressing of the spherical ball into
the patterned areas on the top of the substrate.
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OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is a principal object of the present
invention to provide an improved chip/carrier attach-
ment technique which overcomes the foregoing disad-
vantages of the prior art.

A more specific object of the invention is to provide
a matched expansion chip/carrier attachment technique
having improved reliability and reworkability.

Yet another object of the invention is to provide an
improved chip/carrier attachment technique which
improves the thermal characteristics of the interconnec-
tions.

Still another object of the present invention is to
provide an improved chip/carrier attachment technique
which maintains the desired input/output density re-
quirements.

Yet another object of the present invention is to pro-
vide a chip/carrier attachment technique with im-
proved input/output characteristics from the chip to
the carrier.

The foregoing and other objects and advantages are
accomplished according to one aspect of the invention
wherein a metal stud is evaporated, plated or sputtered
onto the chip carrier surface in a pattern to match a
terminal metal footprint on a chip to be joined. The stud
must provide a solderable surface for the chip pad, must
be electrically conductive to interconnect the chip and
carrier and must be thermally conductive to carry heat
generated on the chip away. In addition, it must be of
sufficient height to allow flux cleaning if necessary.
After the studs are in place, the chip is aligned and
attached, the chip pads containing only a small amount
of solder to provide the joint. The solder volume must
only be sufficient to compensate for any planar dispari-
ties in the chip and module. Alternatively,; the studs can
be formed on the chip and the pads with a limited
amount of solder are formed on the carrier, thus attain-
ing the same results.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a portion
of a substrate including the studs thereon to be joined to
the chip footprints; and

FIG. 2 is an elevation view of the circuit substrate,
lines, stud and chip joined thereto illustrating the con-
nection of the stud from the substrate to the chip.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For a better understanding of the present invention
together with other and further objects and advantages
thereof, reference is made to the following detailed
description taken in conjunction with the above de-
scribed drawings.

Referring first to FIG. 1 there is shown the carrier
portion .of a completed assembly including a silicon
matched expansion carrier for silicon devices 11 on
which are formatted the basic conductive patterns 13,
15 and 17. The matched expansion carrier material
couid include (but is not limited to) silicon dioxide or
polyimides. Typicaily, the conductive patterns would
be made of copper using standard metal deposit and
etch techniques. After the conductive patterns are pro-
vided on the surface of the:silicon material 11, a plural-
ity of studs 19 are forined on the surface in a pattern that
matches the terminal meétal footprint of the chip to be
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joined to the substrate. In a preferred embodiment, the
copper studs on the silicon' carrier 11 are formed by
electroplating copper of an appropriate height through
a suitable mask. A typical stud height would be between
8-12:<X 10— 3 centimeters with a diameter of 6-9<10—3
centimeters. After the studs have been appropriately
formed, the mask would be removed and the carrier is
ready to accept.the. chips.

The attachment of the chips to the carrier is illus-
trated in FIG. 2. The chip 23 includes a plurality of
metal pads 25 which are to be joined to corresponding
studs 19 on the silicon substrate. The pads 25 may be
metal pads formed on the underside of the chip 23.
Between the pads 25 and the copper studs 19 there is a
very small amount of solder 27 used to complete the
bond between the studs and the pad. The solder is only
necessary to provide the connection and to provide any
slight planar disparities between the chip and the sub-
strate, so that the thickness of the solder would in all
likelihood be less than or equal to 4 X 10—3 centimeters.

Using the foregoing techniques, there is less height
required between the chip and the substrate and with
less solder being required, the thermal conductivity is
significantly increased. This gain may be as much as
50% or more of a reduction in the thermal resistance
between the chip and the substrate.

The carrier substrate-may be of a single or multilayer
configuration. In a single layer configuration as illus-
trated in FIG. 1. the conductive patterns 13, 15 and 17
are generated on the substrate surface. In a multilayer
configuration the substrate contains a plurality of inner
layers. For example, as shown in FIG. 2, the substrate
includes first and second layers 33, 35 which encompass

an X wiring plane 37 and a Y wiring plane 39, respec-.

tively. These are basically electrically conductive inner-
planes enclosed in suitable dielectric material, e.g. poly-
imide or .quartz, sequentially disposited in a metal de-
posit and etch process to form the desired interconnec-
tions. In. addition the multilayer.package could include
one or more signal and ground planes.

In the course of processing chips for such a matched
expansion’ carrier package, the chips :would be pro-
cessed as normal up through the metal application (be-
fore the solder evaporation). Next, the terminal areas 25
would be tinned with the appropriate solder, forming
the so-called terminal metal footprint on the chip. The
copper studs 19 of appropriate height are plated on the
silicon carrier 31 in a pattern to correspond to the.ther-
mal metal footprints found on the chip 23. Thereafter
the chip is aligned with studs on the carrier and solder
reflow is effected to join the two together.

One method of forming the studs on, the substrate (or

chip) is to first provide a flash coat of conductive metal .

(e.g. copper)-on the surface thereof. Next the stud pat-
tern is formed using a conventional photoresist which is
appropriately, exposed and developed, thereby defining
stud patterns on the surface. Then-the copper studs are
additively plated on the exposed flash coat in the areas
defined by the photoresist, following which the photo-
resist is.removed and the surface of the substrate (or
chip) is flash etched to remove the remaining flash coat.,
This is similar to the additive plating- process descrlbed
in copending application Ser. No. 848,955, filed Nov.:7, .
1977 and assigned to the assignee of the present mven-
tion. Of course, the studs could be formed using any.
other acceptable plating process meludmg sputtering
through a molybdenum mask or usmg standard additive
or subtractive processing. When using an additive plat-

5

10

15

20

25

30

35

40

45

50

.35

60

65

4"
ing process, it may be necessary to agitate the plating
solution (e.g. by ultrasonic¢ agitation) to. insure a full
strength solution in the defined stud areas.

In particuldr :applications,:such as in"‘the Josephson
technology, chip attachment requires-a fluxless joining
at a temperature below 60° centigrade. The stud attach-
ment technique of the present invention is partlcular]y
suited for such apphcatlons since the stud can readily be
used to attain meta]]urglcal joints by use of slight pres-
sure without flux at relatiyely. low temperatures Ap-
propriate metals can be utilized in the stud and solder
compositions to provide the necessary superconductlv-
ity for these interconnections. '}

In utilizing the concept according to the present in-

'vention, there is a significant thermal: performance im-

provement by reducing the chip attachment path ther-
mal resistance by as much as 50% or more. In addition,
it is possible to replace used chips using this technology
and to allow potentially higher input/output density at
the chip due to the smaller physical size of the stud as
compared to the prior art.solder. ball interconnection
technique. Furthermore, .the low. temperature fluxless
joining of chips for advanced_applications such as Jo-
sephson technology is feasible, with the present inven-
tion.

Furthermore, the mherent rellablllty of these 1nter-
connections is very high since both.sides expand almost
equally during thermal cycle in use. Therefore, large
device chips can be joined without compromising the.
overall package reliability.- For the same reasons many
chips can be attached to the same field replaceable unit
or meodule with excellent reworkablllty of defectlve
units. = - o ‘

While the present invention has been descnbed in the‘
context of the preferred embodiment thereof, it will be.
readily apparent to those. skilled in-the art that. other
modifications and variations:can be made therein with-
out departing-from the spirit. aor:scope of the.invention.
Accordingly, it is not.intended that the invention be
limited to the specifics of the foregoing description of-
the preferred embodiment, but rather as to embrace the
full scope of the following claims. - -

We claim new, and desire:to- secure by Lette Patent
is: *

1A method of bondiuga tjrst iljtegrated eireuit de-
vice having a number, of connecting points to a second
integrated circuit device having a.like.number of con-
necting pads, both first and. second devices having ap-
proximately equal., thermal expansion. characteristics,
said method comprising, the steps of:

fabricating a metal_stud at.each of sald connectmg

points of said: ﬁrst mtegrated circuit device, the top
of each stud prov1dmg a- bondable surface; ;... ‘

applying a amount.of:solder not.exceeding, 4. 10— -3

centimeters thnck toeach of, sald connecting pads.of
said second mtegrated circuit devnces :

ahgnmg said. first. and, second integrated cucuxt de-

vices so that each metal stud of said first device is
) posmoned proxnmate 1ts respectlve connectmg pad.
of said second device; and —

applymg sufﬁment -pressure;.and; temperature to the

studs and, . pads, to bond.: each of, said,.studs to..its
. respectlve connectmg pad.. . . ..

' 2. The invention according to clalm 1 mcludmg fabrl-‘
cating said first and, second. integrated circuit, .devices as.
a circuitized, semlconductor .chip,and a, matched expan-v
sion chip carrier, substrate, respect;wely " ,
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3. The invention according to claim 1 including fabri-
cating said first and second integrated circuit devices as
a matched expansion chip carrier substrate and a circuit-
ized semiconductor chip, respectively. -
4. The invention according to claims 2 or 3 including
both first and second integrated circuit devices from a
silicon base.
5. The invention according to claim 1 including form-
ing said studs of the metal copper.
6. The invention according to claim 5 wherein said
copper studs are fabricated by the steps of:
depositing a thin layer of conductive metal over the
areas encompassing the positions for each of said
studs on the surface of said first device;

depositing a layer of photoresist over the surface of
said first device;
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exposing and developing the photoresist to define the
stud areas on the surface of said first device;

electroplating copper in the stud areas defined in said
photoresist to form said studs;

removing the photoresist; and flash etching the sur-

face of said first device to remove the exposed thin
layer of conductive metal therefrom.

7. The invention according to claim 1 inducing fabri-
cating said metal studs by evaporating metal through
openings in a pattern placed over the surface of said first
device, said openings corresponding to the stud loca-
tions on the surface of said device.

8. The invention according to claim 6 including fabri-
cating said studs to cylindrical shape having a height of
8 to 12x10—3 centimeters and a diameter of 6 to

93¢ 10—3 centimeters.
* * * * *





