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Field of the Jnvention

This invention relates generally to packéging' of
integrated circuit (IC} chips on chip carriers for mounting
on circuit boards and the like, and more particularly to a
technique for providing chip and carrier-moﬁntings for so-

called flat pack outline.

Background of the Invention

A conventional carrier for chig mounting which has
been used for many years is a metalized ceramic flat pack
construction. While the ceramic has many good features,
there are certain drawbacks to its use. For example, the

ceramic does not have particularly good

thermal

conductivity properties, and thus often require innovative
techniqués for removal of heat. Also, the ceramic requires
careful handling, especially before firing to prevent
breakage. Moreover, ceramic requires several operations to

form the necessary ceramic carrier, thus resulting in a

fairly high cost.
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There has been some effort to replace ceramic carriers
with an orgaﬁic carrier, such as glass-filled epoxy., which
has characteristics similar to that of a circuit board,
i.e., the same material. While certain of the drawbacks of
the ceramic carrier are overcome, neverﬁheless such
carriers have certain drawbacks, such as relatively poor
-conductivity and certain technological problems in forming
the required fine 1line circuitry on the surface of the
carrier for the connecting of the chip thereon and
conveying the signals to and from the circuit board. _

It is therefore a principal object of the present
invention to provide a package for mounting an integrated t
circuit chip to a circuit board which includes a chip
carrier having improved heat transfer properties and good
electrical'properties; including a floating ground plane.

Summary of the Invention
According to the present invention, a package for
mounting an integrated circuit chip to a circuit board or

the like is provided. The package includes a chip carrier
which has a metal substrate including first and second
opposed faces. Preferably, the metal substrate is formed
of a copper material with chromium plated on one or both
gides thereof. A dielectric coating is provided on at
least one of the faces, which dielectric coating preferably
is polyimide. The dielectric coating preferably is less
than about 20 wmicrons in thickness, and preferably has a
dielectric . constant from about 3.5 to about 4.0.
Electrical circuitry is disposéd.on the dielectric coating,
said circuitry including chip mounting pads, connection
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pads and circuit traces connecting the chip mounting pads-
to the 'connection pads. -

An IC chip is mounted on the face of the metal
substrate which has the dielectric coating thereon. This
mounting can be either by flip chip bonding utilizing
solder for mechanical and electrical interconnection, or
the mounting can be by adhesively mounting-the chip to the
board and using wire bond electrical connections. In

 either case, the IC chip is electrically connected to the
chip mounting pads either by the solder ball or wire bond
connections. Electrical leads extend from the conﬁection
pads on the chip carrier and are connected to corresponding
pads on a circuit board or the like to provide 1/0 signals
for the IC chip. 1In certain embodiments, additional heat
sinks can be attached to the chip carrier and, also in
certain embodiments, chips can be mounted on both sides of
the chip carrier to increése the capacity of the chip
carrier.

Description of the Drawings
Figure 1 is é bottom plan view, somewhat schematic
with parts broken away for clarity, of a portion of the
package of an integrated circuit chip and chip carrier;

o Fig&re 2 is a longitudinal sectional view of the chip
and chip carrier of Figure 1 showing the package mounted to
a circuit board; o

Figure 3 is a longitudinal sectional view of another
embodiment of a package according to the present invention
mounted to a circuit board; -



circuit chip to a circuit board which includes a chip carrier having
finproved heat transfer properties and good electrical properties, including
a floating ground plane. Summary of the Invention According to the present

i nvention, a package for nmounting an integrated circuit chip to a circuit
board or the like is provided. The package includes a chip carrier which
has a netal substrate including first and second opposed faces.

Preferably, the nmetal substrate is formed of a copper nmaterial with
chrom um pl ated on one or both sides thereof. A dielectric coating is
provi ded on at |east one of the faces, which dielectric coating preferably
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Figure 4 is a longitudinal sectional view of another
embodiment of the present invention utilizing an additional
‘heat sink ; '

Figure 5 is a longitudinal sectional view of another
enbodiment -according to the present invention also
utilizing an additional heat sink, but in a different
'ccnfiguration ; and ' .

Figure 6 is a 1longitudinal :sectional view of an
embodiment of the present invention htilizing chips on both
gides of the carrier and also utilizing an additional heat
sink.’ ' | :

.’ i
Description of the Preferred Embodiments

Referring now to the drawings, and for the present to
Figures 1 and 2, one embodiment of an integrated circuit
(IC) chip packaQe mounted to a circuit board according to
the present invention is shown.

The package includes a chip carrier designated
generally as 10, which includes a metal substrate 12.
Preferably, the metal substrate is a copper core 14 having
chromium 16 and 18 plated on opposite faces thereof.
However, as will be described presently, other metals could
be used, such as pure copper, invar, copper-im)ar-copper
(C~I-C) and other sﬁch.materials. However, chromium-plated
copper is the preferred material since it is an extremely
good electrical conductor and has good heat donducting
properties so as to operate as a heat sink. Typically, the
substrate 12 1is about 0.025 inch thick, although the
thickness can range from about 0.010¢ inch to about 0.040
inch thick. A substrate thinner than 0.010 inch



I's '‘polyimde. The dielectric coating preferably is |ess than about 20
Smcrons in thickness, and preferably has a dielectric constant from

about 3.5 to about 4.0. Electrical circuitry is disposed on the

dielectric coating, said circuitry including chip nmounting pads, connection

3 pads and circuit traces connecting the chip nounting pads to the

connection pads. An IC chip is nounted on the face of the netal
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‘significantly reduces the effectiveness of the substrate as
a heat ‘spreader, and a substrate greater than about 0.040
inch makes the package bulky and heavy and does not provide
‘any significant additional heat dissipation. '

A thin layer of a dielectric material 20 is applied to
‘one face of the substrate 10 over the chromium 16 thereon,
‘which dielectric preferably has a dieélectric constant of
‘between about 3.5 and 4.0. The preferred dielectric is
‘polyimide. The polyimide preferably is applied by spraying
which allows for a uniform thin cdating to be applied.
However, the polyimide can: be spin coated.  Other
dielectriecs, such as epoxies, polytetrafluoroethylene,
etc., can be used; however, polyimide is preferred because
it is easily applied, has unifo.;qm coating and can be
maintained on the surface without substantial defects down
to a thickness of about 6 microns, which is the preferred
thickness. However, a thickness up to about 20 microns can
be used. The thinner the coating, the better, because the
core serves as a floating ground plane, and the thinner the
dielectric, the greater the efficiency of the metal
substrate 12. Indeed, with a thickness of the polyimide 20
of about 6 microns, the efficiency of the substrate 12 is
about 95% of theoretical efficiency, whereas at 20 microns
thickness of the polyimide 20, the efficiency falls off to
about 50% theoretical. Thus, the thickness of about 20
microns is the desired maximum thickness of the dielectric
material 20, whereas a thickness of about 6 microns or less
is preferred. .

Electrical circuitry is formed on the surface of the
dielectric material 20, which electrical circuitry includes



substrate which has the dielectric coating thereon. This nounting can be

* either
i nt erconnecti on,

by flip chip bonding utilizing solder for mechanical and el ectri cal
or the mounting can be by adhesively nmounting the chip to
the board and using wire bond el ectrical connections. In either case,

t he

IC ehip is electrically connected to the chip nounting pads either by the

sol der

ball or wire bond connections. Electrical | eads extend fromthe

‘connection pads on the chip carrier and are connected to correspondi ng pads

on a circuit board or the like to provide 1/O signals for the IC chip.

In

certain enbodi ments, additional heat sinks can be attached to the chip .

carrier

and, also in
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chip attachment pads 22, connection pads 24, and circuit

~traces” 26. The circuitry 'is preferably formed by

photoresist technology using sputter deposited metal and

. subtractive etching techniques as is well known in the art.

Typically, the metal is sputter deposited to a thickness of
about 6 microns; however, ‘the thickness of the metal can
range from about 4 microns to about 8 microns. Metal
thinmmer than about 4 microns can lead to circuit
discontinuities, .and metal greater than about 8 microns
thick inhibits the production of finé circuit features.

An IC chip 30 is provided which is secured to the
surface of the substrate 12 by means of conductive epoxy
32. The IC chip 30 has a plurality of I/0 contacts 34
which are connected to the chip attach pads 22 by weans of
wire bond leads 36. The connection pads 24 are provided
with electrical leads 38. After forming of the pads 22 and
24 and traces 26, a.protective coating 42 is applied which
can be polyimide. However, there are many other coatings,
such as epoxies, which can be used. The coating can be
patterned, screened or, if photosensitive coatings are
used, a photolithographic technique can be used to pattern
the coating. The protective coating 42 is applied over the
circult traces 26 leaving the chip attachment pads 22 and
the connection pads 24 exposed for connection.

The wire bonds 36 are attached to their respective I/0C
contacts 34 and chip attach pads 22, preféfably by
thermosonic bonding. The electrical leads 38 are secured
to their respective attachment pads 24, preferably by means
of solder connections (not -éhown). Other types of



certain enbodi nents, chips can be nounted on both sides of the chip carrier
to increase the capacity of the chip carrier. Description of the Draw ngs
Figure 1 is a bottom plan view, sonmewhat schematic with parts broken away
for clarity, of a portion of the package of an integrated circuit chip and
chip carrier; Figure 2 is a longitudinal sectional view of the chip and
_chip carrier of Figure 1 showi ng the package nmounted to a circuit board,
"Figure 3 is a longitudinal sectional view of another enbodi ment of a
package according to the present invention
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connections, such as conductive epoxy could be used as is
well known in the art. ’ :

After the IC chip 30 has been secured to the substrate
12 by the epoxy 32 and electrical leads 38 have been
attached, the entire surface of the substrate 12 is coated
with ah epoxy encapsulant 44.

In order to mount the chip and chip carrier package to
a circuit boaxd, the electrical leads 38 are attached to
contacts 46 on circuit board 48.

The use of the metal substraté: 12 provides several
advantages over a metalized ceramic substrate. One of
these is the relative flexibility of the metal substrate
iz, thus reducing the propensity for cracking either as a
resulf of thermal excursions or mechanical handling, as
compared to a ceramic carrier, especially in the gtreen
state., Another very significant advantage is the excellent
heat conducting properties of the metal substrate 12 which
allows heat to be quickly dissipated much more efficiently
than with a ceramic substrate. Moreover, the wetal
substrate provides a floéting'ground.plane for-the contacts
and circuitry which is especially effective with a thin
dielectric layer at the 6 micron level.

Also, a factor that must be considered is the
significant difference in the coefficient of thermal
expansions between the IC chip 36 and the carrier 10
because of the metal substrate 12. An IC chip formed of
silicon has a coefficient of thermal expansion (CTE) in the
range of about 3-4 ppm/°C, whereas copper has a coefficient
of thermal expansion in the range of 18 ppm/°C. In order
to reduce the risk of failure due to thermal mismatch, it



moumted to a circuit board; 4 Figure 4 is a |longitudinal sectional
£ of anot her enbodi nent of the present

sink; Figure 5 is a longitudinal sectional view of another enbodi nent
to the present invention also utilizing an additional

accordi ng
si nk, but

. the chip using a conductive epoxy which itself is quite:

in a different configuration; and
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is necessary to ensure that the chips are very thin, thus
increasing their flexibility. Indeed, it is essential that
the chipe not be any thicker than about 20 mils, and
preferably less than 18 mils. With chips thinner than
thege limits, flexibility is assured with the mounting of

flexible. This reduces the propensity for damage due to
thermal cycling. Of course, a selection of a different
material for the substrate 12, such as copper-invar-copper

or invar can reduce the mismatch of ‘the CTE‘s of the chip -

30 and the substrate 12.

Figure 3 shows another embodiment of the present
invention in which 'flip chip bonding can be utilized to
form the package of the carrier and chip. As can be seen
in Figure 3, an IC chip 52 is provided which is mounted to
the chip attach ﬁads 22 by means of solder balls 54. As is
conventional in this type of flip chip mounting, a
reinforcing epoxy 56 is disposed between the chip 52 and
the carrier 12 surrounding the solder balls 54. This
reinforcing epoxy assists in preventing damage due to
thermal mismatch. In this embodiment, insulating material
58 is provided around the end of the substrate 12 and on
the opposite surface of the substrate 12 so that lead 60 is
electrically insulated from the substrate 12. In this
case, leads 60 connect the connection pads 24 to the
contacts 46 on the circuit board 48. .

If additional heat dissipation is needed, the
embodiment shown in Figure 4 can be utilized, in which an
additional heat sink 62 is secured to the opposite side of
the substrate 12 from which the chips are attached. The

Vi ew

I nvention utilizing an additional heat

heat



Figure 6 is a longitudinal sectional view of an enbodi nent of the present

‘I nvention utilizing chips on both sides of the carrier and also utilizing
an addi tional heat sink. Description of the Preferred Enbodi nents Referring
now to the draw ngs, and for the present to Figures 1 and 2, one enbodi ment
of an integrated circui't (1C chip package mounted to a circuit board
according to the present invention is shown. The package includes a chip
carrier designated generally as 10, which includes a nmetal substrate 12.
Preferably, the netal substrate is a copper core 14 having
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heat sink 62 can be attached by conductive epoxy 63 in a
well known manner. Also, Figure 4 shows how a flip chip 52
can be bonded to the same side of the carrier as a wire
bond chip 30. .

Figure 5 shows another embodiment where an additional
heat sink 62 is provided, but in this case the heat sink is
secured by conductive epoxy 63 to the top .of the epoxy 44
encapsulating the chip.

Figure 6 shows an embodiment where chips can be
provided on both sides of the chip carrier 10.  The
embodiment is shown utilizing flip chip technology as shown
in Figure 3 for chips on both sides of the substrate. Of

" courde, wire bond could be used for chips on both sides, or
one side could use wire bond technology and the other side
flip chip technology. In this case, heat sink 62
optionally is secured to one side, although if space
permits, heat sinks could be provided on both sides.

Accordingly, the preferred embodiments of the present
invention have been described. With the foregoing
'description in mind, however, it is understood that this
description is made ‘only by way of example, that the
invention is not limited to the particular embodiments
described herein, and that various rearrangements,
modifications, and substitutions may be implemented without
departing from the true spirit of the invention as
hereinafter claimed. T



chrotium 16 and 18 pl ated on opposite faces thereof. However, as will be
‘descri bed presently, other netals could be used, such as pure copper,

i nvar, copper-invar-copper (C1-C and other such nmaterials. However,
chrom um pl ated copper is the preferred material since it is an extrenely
good el ectrical conductor and has good heat conducting properties so as to
operate as a heat sink. Typically, the substrate 12 is about 0.025 inch
thi ck, although the thickness can range from about 0.010 inch to about

0. 040 inch thick. A substrate thinner than 0.010 inch
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What is claimed is:

1. A package for'mounting an integrated circuit chip
to a circuit board or the like comprising:
a chip carrier, said chip carrier comprising a
metal substrate and having first and second opposed faces,
‘ _ a dielectric coating on at least one of said
faces,
said dielectric coating being less than
about 20 microns in thickness; *, _
electrical circuitry disposed on said dielectric
coating, said electrical circuitry having chip mounting
pads, connection pads and circuit traces connecting said
chip mounting pads to said connection pads;
an integrated circuit chip wmounted on said one
face of said substrate,
said integrated circuit chip having I/O
contacts; '
electrical connections connecting said 1I/0
contacts on said integrated circuit to said chip mounting
pads; and
electrical leads extending from said connection
pads for providing I/O signals to and from said integrated
¢ircuit chip. h

2. The invention as defined in claim 1 wherein said
dielectric material is polyimide.

THIS SHEET HAS BEEN
 REPLACED
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5 si'gnificantly reduces the effectiveness of the substrate as a heat
‘spreader, and a substrate greater than about 0.040 inch nmakes the package
bul ky and heavy and does not provide any significant additional heat

di ssipation. Athin |layer of a dielectric material 20 is applied to one
face-of the substrate 10 over the chrom um 16 thereon, which dielectric
preferably has a dielectric constant—of between about 3.5 and 4.0. The
preferred dielectric is polyimde. The polyimde preferably is applied by

sprayi ng which allows for a unifor mHm ”mi'!,mns”m'roe appl-i ed.
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3. The invention as defined in claim 1 wherein said
integrated circuit chip is connected to said chip mounting
pads by wire bonds.

4, The invention as defined in claim 1 wherein said
integrated circuit chip is connected to said chip mounting
pads by flip chip bonding interconnections. '

5. The invention as defined in claim 1 wherein said
metal substrate includes a layer of copper and wherein said
integrated circuit chip is no thicker than about 20 mils.

6, The invention as defined in c¢laim 1 wherein the
dielectric has a dielectric constant of about 3.5 to about
4.0. '

7. The invention as defined in claim 1 wherein the
thickness of said dielectric layer is no greater than about
6 wmicrons.

) ' 8. The invention as defined in claim 1 wherein the
metal substrate is chromium-clad copper.

9. The invention as defined in claim 1 wherein the
‘dielectric on both faces of said subgtrate, and electrical
circuitry is on both faces of said substrate and an
integrated circuit chip mounted on both faces of said
substrate.

THIS SHEET HAS BEEN
REPLACED
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However, the polyimde can be spin coated. O her dielectrics, such
as epoxies, polytetrafluoroethylene, etc., can be used; however, polyimde
is preferred because it is easily applied, has uniformcoating and can be
mai nt ai ned on the surface w thout substantial defects down to a thickness
of about 6 mcrons, which is the preferred thickness. However, a thickness
up-to about 20 m crons can be used. The thinner the coating, the better,

because the core serves as afloating ground plane, and the thinner the

dielectric, the greater the etf“

i 2l | ' Hmﬁnget al substrate 12. | ndeed,
with a thickness of the polyi :; “ #b mcrons, the efficiency of .
the substrate 12 is * ¢t L w5 ¥
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10. The invention as defined in claim 1 whereln a
heat sink is attached to said chlp carrier.

11. The invention as defined in claim 10 wherein the
heat gink is attached to the surface of said substrate
which does not have a chip mounted thereon.

12. The invention as defined in claim 10 wherein the
heat sink is attached to the surface of said substrate
which has a chip attached thereto.

13. The invention as defiined in claim 1 further
characterized by a circuit board or the like attached to
said electrical leads. )

14. A method for mounting an integrated circuit chip
comprising the steps of:
providing a chip carrier, said chip carrier
including a metal substrate and having first and second
opposed faces,
applying a dielectric coating to at least
one of said faces,
said dielectric coating being less than
about 20 microns in thickness;
providing electrical circuitry on said dielectric
coating, said electrical circuitry having chn.p mounting
pads, connection pads and circuit traces connecting said
chip mounting pads to said connection pads;
providing an integrated circuit chip having I1/0

EET HAS BEEN
|

contacts;
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abdut 95% of theoretical efficiency, whereas at 20 mcrons thickness of the
.*polyimde 20, the efficiency falls off to about 50%theoretical. Thus, the
t hi ckness of about 20 microns is the desired nmaxi mumthi ckness of the
dielectric material 20, whereas a thickness of about 6 microns or less is
preferred. Electrical circuitry is forned on the surface of the dielectric
material 20, which electrical circuitry includes 6

T
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mounting said integrated circuit chip on said one
face of said substrate, with electrical connections
connecting said I/0 contacts on said integrated circuit to
said chip mounting pads;

connecting electrical leads from said connection
pads for providing I/O signals to and from said integrated
circuit chip.

15. The invention as defined in claim 14 wherein said
dielectric material is polyimide.

16. The invention as defined in claim 14 wherein said
integrated circuit chip. is connected to said chip wmounting
pads by wire bonds. '

17. The invention as defined in claim 14 wherein said
integrated circuit chip is connected to said chip mounting
pads by flip chip bonding interconnections.

18. The invention as defined in claim 14 wherein the
thickness of said dielectric layer is no greater than about
6 microns,

. 19. The invention as defined in claim 14 wherein
dielectric material is coated on both faces of said
substrate, and electrical circuitry is formed on both faces
of said substrate and an integrated circuit chip mounted on
both faces of said substrate.

This Sheet Has Been Replaced
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chip attachnment pads 22, connection pads 24, and circuit traces 26. The

scircuitry 1is preferably formed by photoresist technology using sputter
deposited netal and subtractive etching techniques as is well known in the
art. Typically, the metal is sputter deposited to a thickness of about 6
m'crons; however, the thickness of the nmetal can range from about 4 microns
to about 8 m crons. Metal thinner than about 4 mcrons canrtead to
“circuit discontinuities, and netal greater t A ns thick
inhibits the production of fine circuit feat Eﬂﬁg“!g@ﬂﬂ! [30 i s provided
which is secured to the surface of the substr of conductive
epoxy
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20. The invention as defined in claim 14 further
characterized by attaching a heat sink to said chip
carrier.

21. The invention as defined in claim 20 wherein the
heat sink is attached to the surface of said substrate
which does not have a chip mounted thereon.

22. The invention as defined in claim 20 wherein the
heat sink is attached to the surface of said substrate
i
which has a chip attached thereto.

23. The invention as defined in claim 14 further
characterz.zed by attaching said electrical leads to pads on
a circuit board or the. like.

THIS SHEET HAS BEEN
REPLACED




32. The IC chip 30 has a plurality of 1/0O contacts 34 which are connected
o the chip attach pads 22 by neans of wire bond | eads 36. The connection
pads 24 are provided with electrical |eads 38. After form ng of the pads 22
and 24 and traces 26, a protective coating 42 is applied which can be

pol yi m de. However, there are many other coatings, such as epoxies, which
can be used. The coating can be patterqyyped, screened or, if photosensitive
coatings are used, a photolithographic technique can be used to pattern the

coating. The MEIWAdcSUBSTRAME HoA VING AN CHER ANB ICARRIER MOUNTINGCEeS 26
| eaving the chip attachnent pads 22 and the connection pads 24 exposed for

connect i oMBSTRACT

A package for mounting an IC chip to a circuit board including a chip carrier (10)
which has a metal substrate (12). A dielectric coating (20) is provided on one of the
faces. _.Electrical circuitry is disposed on the dielectric (20) including chip mounting pads
{22), connection pads (24) and circuit traces (26) connecting chip mounting pads to
connection pads. An IC chip (30) is mounted by flip chip or wire bonding or adhesive
connection on the face of the metat substrate. The IC chip is connected to the mounting
pads by solder ball or wire bond connections. Electrical leads (36) extend from the
connection pads (22) on the .chip carrier to corresponding pads (34) on a circuit board to
provide I/O signals for the IC chip. Additional heat sinks (62) can be attached to the
chip carrier and, chips can be mounted on both sides of the chip carrier to increase the
capacity of tfhe chip carrier.

Fig. 1

i
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H{QcWI re bonds 36 are attached to their respective I/0O contacts 34 and chip
¢&ltach pads 22, preferably by thernosonic bonding. The electrical |eads 38
are secured to their respective attachment pads 24, preferably by neans of
sol der connections (not shown) O her types of 7 connecti ons,
such as conductive epoxy could be used as is well known in the art. After
the 1C chip 30 has been secured to the substrate
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substrate provides a floating ground plane for the
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Al so,
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t he net al
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%%ﬁé% of about 3-4 ppmi[err]C, whereas copper has a coefficient of thernmal
expansion in the range of 18 ppni[err]C In order to reduce the risk of
failure due to thermal msmatch, it 8 is necessary to ensure that the
chips are very thin, thus increasing their flexibility. Indeed, it is
essential that the chips not be any thicker than about 20 mls, and
preferably less than 18 mls. Wth chip§/4hinner than these limts,
flexibility is assured with the nounting of
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pr esent

hi p bondi ng can be utili zéd

tional in this type of flip chip nmounting, a
. A package for mounting an integrated circuit chip 1o 3 etromit-beard or the like
comprising:
a chip carrier, said chip carrier comprising a metal subswate and having first and
second opposed faces,
an organic dielectric coating disposed directly on at least one of said faces,
said dielectric coating being less than about 20 microns in thickness;
electrical circuitry disposed on said dielectric coating, said electrical circuitry
having chip mounting pads, connection pads located around the periphery of said chip
carrier and circuit traces connecting said chip mounting pads to said connection pads;
an integrated ci;cuit chip mounted on said one face of said substrate,
said integrated circuit chip having I/O contacts;
.electrical connections connecting said I/O contacts on said integrated circuit to said
chip mounting pads; and
electrical Jeads extending from said comiection pads for providing I/O signals to
and from said integrated circuit chip, said package being free of any ceramic material.

2. The invention as defined in claim 1 wherein said dielectric material is polyimide.

i

3, an IC chip 52

the chip using a conductive epoxy which itself is quite flexible. This——

sreduces the promdue to thermal cycling. %EQ%Q%NBSHEH

selection of a differ ' for the substrate 12, sut %—-——-—*"“""1

copper - i nvar-copgm 11 B n reduce, the msmatch of th

chip 30 and the mﬂmmﬂMH@, ure 3 @nows anot her enbod
i C st Py

i nvention®i ntwh
package of the carrier and chip. As can be seen in Figure

i's provideg,which,is nmounted to the chip attach pads 22 by
bat [ na. St iy




rei nforcing epoxy 56 is disposed between the chip 52 and th

. H X 1.2
sur r oundi ngW This reinforcing epoxy as.;RE@LACﬁ‘ﬁENT SHEET
preventi ng damage d m smatch. I n this enbodi neptj ASUrartrmny
material 58 i ﬂ‘ “ﬁm gﬂgﬁm} t he end pf the substrate 12 pnd grﬁt% 1909
opposite surf Sterate 12 s that lead 60 is elegtfica
i nsul ated from% he substrate 12. In this case, |eads 60 cpnm m,t #
connection pads 24 to the contacts 46 on the C|rcuit board #48.

ddi ti | t di ti d, h Acatr
ge :Jt : Ioinge ,ea Iss‘h‘?‘g‘?tlaggﬁt#‘t gﬁg a%ﬁela‘f" §?1HI3 ‘Qpé%s Oﬁ% {ogsa{cfn llillE)gposi te

si de of .
carrier.

11.  The invention as defined in claim 10 wherein the heat sink is attached to the surface

of said substrate which does not have a chip mounted thereon.

12.  The invention as defined in claim 10 wherein the heat sink is attached to the surface

of said substrate which has a chip-attached thereto.

13.  The invention as defined in claim 1 further characterized by a circuit board or the

like attached to said electrical leads.

14, A method for mounting an integrated circuit chip comprising the steps of:

providing a chip carrier, said chip carrier including a metal substrate and having

first and second opposed faces,
applying an organic dielectric coating to at least one of said faces,

~ said dielectric coating being less than about 20 tr‘xicrons in thickness;

providing electrical circuitry on said dielectric coating, said electrical circuitry

having chip mounting pads, connection pads located around the periphery of said chip

carrier and circuit traces connecting said chip mounting pads to said connection pads;

providing an integrated circuit chip having VO contacts;
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the substrate 12 fromwhich the chips are attached. The 9 heat_ sink

.can be attachmndUWHpoxy 63 in a well known Egﬁgﬂﬁﬂsﬁ@

4 shows how a : can be bonded to the sane si . afFt-B1
a wire bond ch ’mm ' hows anot her enpodi nment ¢re an additid

heat sink 62 is*provi n thisltase the heat sink is{sechiflodi®y

conductive epoxy 63 to the toB of the epoxy 44

10.
11.
12.
13.

14,

na

The invention as defined in claim 1 wherein a heat sink is attztched to said chip
carrier.

The invention as defined in claim 10 wherein the heat sink is attached to the surface
of said substrate which does not have a chip mounted thereon.

The invention as defined in claim 10 wherein the heat sink is attached to the surface
of said substrate which has a chip attached thereto,

The invention as defined in claim 1 further characterized by a circuit board or the
like attached to said electrical leads.

A method for mounting an integrated circuit chip comprising the steps of:

providing a chip carrier, said chip carrier including a metal substrate and having

first and second opposed faces,

applying an organic dielectric coating to at least one of said faces,
said dielectric coating being less than about 20 microns in thickness;

providing electrical circuitry on said dielectric coating, said electrical circuitry

having chip mounting pads, connection pads located around the periphery of said chip

carrier and circuit traces connecting said chip mounting pads to said connection pads;

providing an integrated circuit chip having /O contacts;

“Ttsitiﬂi‘ Vil
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encapsul ating the chip. Figure 6 shows an embodi ment mhereﬂ[cﬂb_lA@EW SHEET
.provi ded on both sides of the chip carrier 10. The enbadiprent—rs—strown

utilizing flip chi shown in Figure 3 for dhijps Qt [
of the substrate. ,mlmﬂ H] WMIﬂ“lbond cqyl d be used for [chi p%%gﬁEgojigﬁg
si des, or one side*cofil d-uge wire bond technol ogy and the ther side fli
chip technology In this case, heat sink 62 optionally is secured |

to one side, Xg’ﬂ &i‘s space permts, heat sinks could _ )
bot h si des. COI’%I ngf the preferred embodi ments of the present invention

have been tescri A)pdckage foriiduntind @ infePra@@irdit chip to a circuit board comprising:
a chip carrier comprising a substrate having a copper core, a thmkness of
between 10 mils and 40 mils, and first and second opposed faces;

e

V)

e

an organic dielectric coating disposed directly on at lcast one of said faces,
said dielectric coating being about 6 microns in thickness;

electrical circuitry comprising a layer of metal deposited to a thickness between
about 4 microns and about § microns on said dielectric coating and subtractively etched to
form chip mounting pads, connection pads located around the periphery of said chip
carrier, and circuit traces connecting said chip mounting pads to said connection pads;

an integrated cirenit chip mounted on said one face of said substrate,
said integrated circuit chip having a thickness no greater than about 20 mils and /O
contacts;

electrical connections connecting said I/0 contacts on said integrated circuit to
said chip mounting pads; and

electrical leads extending from said connection pads for providing J/O signals to
and from said integrated circuit chip,

said package being free of any ceramic material.

2, The invention as defined in claim 1 wherein said dielectric material is polymide.
3. The invention as defined in claim 1 wherein said integrated circuit chip is
connected to said chip mounting pads by wire bonds.

4, The invention as defined in claim 1 wherein the dielectric has a dielectric
constant of about 3.5 to about 4.0.

5. The invention as defined in claim 1 wherein the substrate is chromium-clad
copper.

6. The invention as defined in claim 1 wherein the dielectric on both faces of said

substrate, and electrical circuitry is on both faces of said substrate and an integrated
circuit chip mounted on both faces of said substrate,
7. The invention as defined in claim 1 wherein a heat sink is attached to said chip
carrier.
8. The invention as defined in claim 7 wherein the heat sink is attached to the
surface of said substrate which does not have a chip mounted thereon.
9. The invention as defined in claim 7 wherein the heat sink is attached to the
surface of said substrate which has a chip attached thereto.
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11, A method for mounting an integrated circuit chip comprising the steps of:

providing a chip carrier, said chip carrier including a metal substrate and having

first and second opposed faces,

applying an organic dielectric coating to at least ome of said faces,

said dielectric coating being less than about 20 microns in thickness;

providing electrical circuitry on said dielectric coating, said electrical circuitry

having chip mounting pads, connection pads located around the periphery of said chip
carrier and circuit traces connecting said chip mounting pads to said connections pads;

providing an integrated circuit chip having I/O contacts;

mounting said integrated circuit chip on said one face of said substrate, with

electrical connections connecting said I/O contacts on said integrated circuit to said chip

mounting pads;

connecting electrical leads from said connection pads for providing I/O signals to
and from said integrated circuit chip, said package being free of any ceramic material.

12 The invention as defined in claim 11 wherein said dielectric material is

polyimide. .

13. The invention as defined in claim 11 wherein said integrated circuit chip is

conngcted to said chip mounting pads by wire bonds,

14, The invention as defined in claim 11 wherein said integrated circuit chip is

connected to said chip mounting pads by flip chip bonding interconnections.

15. The invention as defined in claim 11 wherein the thickness of said dielectric

layer is po greater than about 6 microns.

16. The invention as defined in claim 11 wherein dielectric material is coated on
both faces of said substrate, and electrical circuitry is formed on both faces of said
substrate and an integrated circuit chip mounted on both faces of said substrate.

17. The invention as defined in claim 11 further characterised by attaching a heat

sink to said chip carrier.

18. The invention as defined in claim 17 wherein the heat sink is attached to the

surface of said substrate which does not have a chip mounted thereon.

surface of said substrate which has a chip attached thereto.

19. The invention as defined in claim 17 wherein the heat sink is attached to the

20. The invention as defined in claim 11 further characterised by attaching said

clectrical leads to pads on a circuit board or the like.
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connection by electrical leads to a circuit board said package conpri 5| ng:
a) a metal | i csubst+ate-having at |east one face a
nmetal sel ected fropy conS| sting of pure coppef i i
copper -1 nvar - coppe MH with chromum and | njar, said subgtnrate
havi ng a thickness and 1 nmm b) a digl eg MAY gEBtiing on
at | east one face of the substrate and fowving a thi cknhsp of between 6 and
20 m crons; c¢) el ectrical circuitry conprising a | pyer—ef—retat
deposi ted t%thickn ss between 4 microns and 8 mcrops on the dielectgic
coating incl . g unting pads, connector pads, and circuart traces

connecting the Chhppamge rifiAglan integrktEd CREUMOMP ind @ dHip eaﬁtérdhtable foR "

i.ntegrated circuit chip ani cal |y connect ed t'o and space fromthe

di el ectric @emepwwlwm@l teadsdo B sireithpardseidpackage semprisisg: nount i ng and wire

bond a) a metallic substrate having at least one face and composed of a metal

selected from the group consisting of pure copper, copper-Invar-copper, copper plated
with chromium, and Invar, said substrate having a thickness between 0.25 mm and 1 mm;

b) a dielectric coating on at least one face of the substrate and having a
thickness of between 6 and 20 microns; |

¢) electrical circuitry on the dielectric coating including chip mounting
pads, connector pads, and circuit traces connecting the chip mounting pads to the

b connector pads; and

d) an integrated circuit chip mechanically connected to and spaced from
the dielectric coating by flip chip bonding, or by adhesively mounting and wire bond
electrical connectors;

said substrate providing a floating ground plane for the electrical

circuitry.

2. The package as defined in claim 1, wherein solder connections are used for flip
chip bonding of the integrated circuit chip to the dielectric coating.

3. The package as defined in claim 2, wherein the substrate is electrically insulated
from leads used to electrically join the package to the cireuit board.

4. The package as defined in 3, wherein the substrate is electrically insulated using
an insulating material between the substrate and the leads.

S. The package as defined in claim 1, wherein the thickness of the dielectric coating
is about 6 microns.
6. The package as defined in claim 5, wherein the thickness of the metallic

substrate is 0.62 mm.

7. The package as defined in claim 1, wherein the integrated circuit chip is a silicon
chip having a thickness of 0.5 mm or less.

8. A package for mounting an integrated circuit chip to a circuit board comprising:
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el ectrical connect amlgﬂ iﬂHbSt rate providing a floatinglg R}:P}_'ACEMENT Sug% J-
o

the electrical cir l’ Ime package as defined injc aj‘?té ‘y\Q r.eifn
sol.der connections p chip bonding of the ihteg WA 298 Uil ¢

chip to the dielectric coating. 3. The package as defihed jn_claim?2,
wherein the substrate is electrically inbul ated fromleads] used to

A s :
defined i %, whoreraPAce (Pubfbe Stsfbls VBl § portie s chiTiRRG B
i nsul ating rrbamcanaﬁ2mnumdr1 thincand (firet tand seeodhebpl ksaﬂme;ds 5. The package

def d I 1. wh t he thickn f di el ectr.i oating is
about 6 i crons, - @ orbanié ks cobfes SoiBl ety phdestt T SHHSKER ( ne

thi ckness of said\éielegttiabbdti@g being 6 microns in thickness;
electrical circuitry comprising a layer of metal deposited to a thickness between
4 microns and 8 microns on said dielectric coating and subtractively etched to form chip
mounting pads, connection pads located around the periphery of said chip camier, and
circuit traces connecting said chip mounting pads to said connection pads;

an integrated circuit chip mounted on said one face of said substrate,
said integrated circuit chip having a thickness no greater than 0.5 mm and I/O contacts;
electrical connections connecting said I/O contacts on said integrated circuit to
) said chip mounting pads; and
electrical leads extending from said connection pads for providing I/0 signals to
and from said integrated circuit chip,
said package being free of any ceramic material,

9. The package as defined in claim 8 wherein said dielectric material is polymide.

10, The package as defined in claim 8 wherein said integrated circuit chip is
connected to said chip mounting pads by wire bonds or by flip chip bonding

interconnections.

11 The package as defined in claim 8 wherein the metal substrate includes a layer of
copper and wherein the integrated circuit chip is no thicker than 0.5 mm.

12, The package as defined in claim 8 wherein the dielectric has a dielectric constant
of about 3.5 to about 4.0.

13, The package as defined in claim 8 wherein the thickness of the dielectric layer is
no greater than about 6 microns.

14. The package as defined in claim 8 wherein the metal substrate is chromium-clad
copper.

15. The package as defined in claim 8 wherein a heat sink is attached to said chip
carrier.
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substrate is 0.62 nm 7. The package as defined in ﬁr@
I ntegrated circui thhi p having a thic A

| ess. -11- 8. ”’ : nounting an integrateédici rcwt chipto a
circuit board conpr mﬂ” SSTmY IGH ri er conprising a syb tr1a$eMM1\M£
copper core, a thickhess af wet'®ddd 0. 25 nmand 1 mm andifirst and secbn
opposed faces; an organic diel ectrl c cod?ing di sposed dijrecttyonm at [eas
one of said faces, said dielectric coating being 6 mcrgns in thickness:

16. The package as defined in claim 15 wherein the heat sink is attached to the
surface of said substrate which does not have a chip mounted thereon.

17. The package as defined in claim 8 further characterised by a circuit board
attached to said electrical leads.

18. A method for mounting an integrated circuit chip comprising the steps of:
providing a chip carrier, said chip carrier including a metal substrate and having
first and second opposed faces,
applying an organic dielectric coating to at least one of said faces,
said dielectric coating being less than about 20 microns in thickness;

D providing electrical circuitry on said dielectric coating, said electrical circuitry
having chip mounting pads, connection pads located around the periphery of said chip
carrier and circuit traces connecting said chip mounting pads to said connections pads;

providing an integrated circuit chip having I/O contacts;

mounting said integrated circuit chip on said one face of said substrate, with
electrical connections connecting said I/O contacts on said integrated circuit to said chip
mounting pads;

connecting electrical leads from said connection pads for providing I/O signals to
and from said integrated circuit chip, said package being free of any ceramic material.

19. The method as defined in claim 18 wherein said dielectric material is polyimide.

7/ 20.  The method as defined in claim 18 wherein said integrated circuit chip is
connected to said chip mounting pads by wire bonds.

21, The method ag defined in claim 18 wherein said integrated circuit chip is
connected to said chip mounting pads by flip chip bonding interconnections.

22. The method as defined in claim 18 wherein the thickness of said dielectric layer
is no greater than about 6 microns.

23. The method as defined in claim 18 further characterised by attaching a heat sink
to said chip camnier.

Th1s Sheet Has Been Replaced

LT [ v

[R\LIBLLI09634 docKEN



electrical circuitry conprising a |ayer of netal deposited to a thickness
between 4 mcrons and 8 mcrons on said dielectric coating_and
subtractively etched to formchip nounting pads, conn ] Cpm'}'l QHEE'E:i

- ¥ ng

around the periphery of said chip carrier, and circuit

said chip nounting pads to said connection pads; an in gr_a%e%i i@ if ¢hip
nmounted on said one face of said substrate, said integ et ¥ci'tidu chip
havi ng a thickness no greater than 0.5 _rg*{g]and I/ O contjcks; electric
connections connecting said I/O contact¥~on said integfated circuit to :Eai d
chip nounting pads; and electrical |eads extending fro g conneettomn
pads for pr@fi di nFht netwidomadefined h@'@ﬂizﬁrﬁnivﬁééiﬁ &g%@ﬁrﬁﬁ@% i r%‘?‘é hip,
sai d packagg l%ei r&g f.reebéof ang/ ceramic matertal. 9. e [?5 ageds
defined in CPEGHOE4f Sbsirate eich dgesnos baveiahipamennited thereomol yri de.

25. The method as defined in claim 18 further characterised by attaching said
electrical leads to pads on a circuit board or the like.
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10. The package as defined in claim8 wherein said i E-+-G-LH-1-
chip is connected-to—sardchip mounting pads by wire bo 18E#MC§MEMT| fHilp

_t)ﬁndl n? :nt elrjc;)nnte ﬂiﬂ“ﬂ{iﬁ!zﬂ'ﬂ m!r p?ckage as dgf\ll\ged crairm 38 wh t n
sthe metal substra r o co er an erein aIec
circuit chip is no t akeln nm pp The packgga g?cpgﬁg@g

O

claim8 wherein the dielectric has a di éNa'ctrlc const an}

about 4.0. 13. The package as defined in claim8 whefein the thi cknes%;
of =t he di el eghhiicchafylisd S No greater than about 6 m crons. I Fhe
pacgkage as defi nedhﬁ claim8 wherein the metal substrate is chrom umclad
copper. L. A package comprising an integrated circuit chip and a chip carrier suitable for
) connection by electrical leads to a circuit board said package comprising:
a) a metallic substrate having at least one face and composed of a metal

selected from the group consisting of pure copper, copper-Invar-copper, copper plated
with chromium, and Invar, said substrate having a thickness between 0.25 mm and 1 mm;

b) a dielectric coating on at least one face of the substrate and having 2
thickness of between 6 and 20 microns;

<) electrical circuitry comprising a layer of metal deposited to a thickness
between 4 microns and 8 microns on the dielectric coating including chip mounting pads,

~ connector pads, and circuit traces connecting the chip mounting pads to the connector
pads; and ,

d) an integrated circuit chip mechanically connected to and spaced from
the dielectric coating by flip chip bonding, or by adhesively mounting and wire bond
electrical connectors;

said substrate providing a floating ground plane for the electrical
circuifry.

2. The package as defined in claim 1, wherein solder connections are used for flip
chip bonding of the integrated circuit chip to the dielectric coating.

3. The package as defined in claim 2, wherein the substrate is electrically insulated
from leads used to electrically join the package to the circuit board.

4. The package as defined in 3, wherein the substrate is electrically insulated using
an insulating material between the substrate and the Jeads.

5. The package as defined in claim 1, wherein the thickness of the dielectric coating
is about 6 microns.

6.  The package as defined in claim 5, wherein the thickness of the metallic
substrate is 0.62 mm.

7 The package as defined in claim 1, wherein the integrated circuit chip is a silicon
chip having a thickness of 0.5 mm or less.
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-12- 15. The packag&&ggil n claim8 wherein a h
-attached to said Lp carrier The package as defi
wherein the heat mmm to the surface of said

WEMOn The package

sdoes not have a c
claim8 further characteri dedsby*a ci rcw t board attached {td

el ectrical |eads. -11- l
i 8. A package for mounting an integrated circuit chip to a circuit board comprising:
: a chip camrier comprising a substrate having a copper core, a thickness of

between 0.25 mm and 1 mm, and first and second opposed faces;

an organic dielectric coating disposed directly on at least one of said faces,
said dielectric coating being 6 microns in thickness;

electrical circuitry comprising a layer of metal deposited to a thickness between
4 microns and 8 microns on said dielectric coating and subtractively etched to form chip
mounting pads, connection pads located around the periphery of said chip carrier, and
circuit traces connecting said chip mounting pads to said connection pads;

an integrated circuit chip mounted on said one face of said substrate,
said integrated circuit chip having a thickness no greater than 0.5 mm and I/O contacts;

electrical conpections connecting said I/O contacts on said integrated circuit to
said chip mounting pads; and

electrical Jeads extending from said connection pads for providing I/O signals to
and from said integrated circuit chip,

said package being free of any ceramic material.

9. The package as defined in claim 8 wherein said dielectric material is polymide.

10. The package as defined in claim 8 wherein said integrated circuit chip is
connected to said chip mounting pads by wire bonds or by flip chip bonding
interconnections.

11. The package as defined in claim 8 wherein the metal substrate includes a layer of
copper and wherein the integrated circuit chip is no thicker than 0.5 mm.

12. The package as defined in ¢laim 8 wherein the dielectric has a dielectric constant
of about 3.5 to about 4.0.

13. The package as defined in claim 8 wherein the thickness of the dielectric layer is
no greater than about 6 microns.

14. The package as defined in claim 8 wherein the metal substrate is chromium-clad
copper.
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-13- 24. The nethod as defined in claim?23 wherein the heat sink is
. attached to the surface of said substrate which does not have a chip

.mount ed t her eon. The nmet hod as defined in claim
‘characterised _by at t aching said electrical leads to pajgwwmlﬁﬂEEgd ard

or the Ilike. tion as defined in cla
characterized b* % "Hf%ﬁﬂt sink to said chip caflr
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15. The package as defined in claim § wherein a heat sink is attached to said chip

carrier.

16. The package as defined in claim 15 wherein the heat sink is attached to the
surface of said substrate which does not have a chip mounted thereon.

17. The package as defined in claim 8 further characterised by a circuit board

attached to said electrical leads.



21. The +nvention as defined in claim?20 wherein the heat sink is attached

. to the surface of said substrate which does not hav

t her eon.

"attached to the surface of said substrate which has}af chi p attachec

t her et o.

attaching said el ectrical |eads to pads on a circui{ poard or the. lii Ke.

-

22. The invention as defined in claim20 WS mmink is

23. The invention as defined in claim14 er,hzrz Q) 2800er]i 4ed by

13
METAL SUBSTRATE HAVING AN IC CHIP AND CARRIER MOUNTING
ABSTRACT
A package for mounting an IC chip to a circuit board including a chip carrier (10)
which has a metal substrate (12). A dielectric coating (20) is provided on one o% the
faces. Electrical circuitry is disposed on the dielectric (20) including chip mounting pads
(22), connection pads (24) and circuit traces (26) connecting chip mounting pads to
connection pads. An IC chip (30) is mounted by flip chip or wire bonding or adhesive
connection on the face of the metal substrate. The IC chip is connected to the mounting
pads by solder ball or wire bond comnections. Electrical leads (36) extend from the
connection pads (22) on the chip carrier to corresponding pads (34) on a circuit board to
provide 1/O signals for the JC chip. Additional heat sinks (62) can be attached to the
chip carrier and, chips tan be mounted on both sides of the chip carrier to increase the
capacity of the chip carrier.
Fig. 1



