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An integrated-circuit (IC) chip vackaging construc-
tion in which a chip package is fabricated from a raterial
havinz a relatively bish therzal conductivity and
input/output leads are fabricated from a conductor material
having a ralatively low electrical resistance. The caip
packoging constructior includes an upper and lower cover
for enclosing an IC chip and a pair of insulating froies
for hermetrically sealing the IC chip in the chip package.
A vlurality ef input/output leads pisend throug: ovenings
in the inzulatins fraze to mako eicctrical cornactionsg
with the IC chip. The upper and lower covers are prefer-
ably fabricated from copper or an alloy of baryllium and
aluninun, The input/ouiput leads are praferably fsbricatad
from copper and the ingulating Irame is preferably fabri-
cated fron a glass-ceranic natarial having a coefficient

. of expansion approximately ocqual that of the upper and
lower covers. .
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INTEGRATED-CIRCUIT EHIP PACKAGING CONSTRUCTION
ARSTRACT OF THE DISCLOSURE

An integrated-circuit (1c) chip packaging
construction in which a chip package rs fabricated from

a material having a relatively shigh thermal

. \C} -
conductivity and input/output leads arje ?abritéted from
. &
- L [
a conductor material having a relativﬁlﬁ;low alectri;a]

o
resistance. The chip packaging cons§ru tncn Y includes

an upper and lower cover for enc1051n+ n IC'thip and a

pair of insulating frames for hermet\tally sé;llnq the
1c chip in the chip package. A“ plurality of
input/oputput leads extend through openings in the
insulating frame to make electrical connections with

the IC chip. The upper and lower covers are preferably

fabfiéated from copper or an alloy of heryllium and

PR A
[

aluminums.: " The input/output leads are preferably
fabricated from copper and the insulating frame is
preferably fabricated from a glass—ceramic material
having a coefficient of expansion approximately equal

that of the upper and lower covers.
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INTEGRATED-CIRCUIT CHIP PACKAGING CONSTRUCTION

BACKGROUND OF THE INVENTION

This invention relates generally to techniques for
packaging circuit elements and, more particularly, to
techniques for packaging integrated-circuit (IC) chips.

Conventional integrated-circuit (IeH chip
packaging techniques involve hermetically sealing the
chips in individual chip packages to protect the 1IC
chips From the swrounding environment. The chip
packages are generally fabricated from a ceramif

material, such as alumina (Al,07) or beryllia (Re(D.

Although fébricating chip packages from one of these

céréﬁic materials has many advantages, it does bhave
cértafn disadvantages.

One disadvantage of fabricating chip packages from
a ceramic material is that it must be fired at
temperatures generally exceeding 1000°C. 1+
input/output leads to the IC chip are attached to the
chip package when it is fired, the input/output leads
must be fabricated from a metal having a relatively
high melting point. Tungsten or molybdenum, which have
melting points of approximately xz80%Cc  and 26000C,
respectively, are frequently used. However, these
metals have relatively high volume resistivities,

8 ohm—m,

approximately 5.5 1078 ohm-m and 5.7 % 10~
respectively, when compared with a more conventional

electrical conductor metal, such as copper, which has a

valume resistivity of approximately 1.7 x ID—B cohm—-m.
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The electrical resistance (R) of a metal conductor is

- -

proportional to the metal’s volume resistivity (/?), Aas
indicated by the relationship R = pL/A, where I. is the
length of the metal conductor and A is its cross
sectional area. Although copper has a relatively Jow
electrical resistance, it also has a relatively low
melting point of approximately 1083°C. Therefore,
copper cannot be used with a chip package fabricated
from a ceramic material such as alumina or beryllia,
which must be fired at temperatures exceeding 1000°C.
-rn;Anp?per,disadvantage of fabricating chip packages

Foagpare s

S o N . N N
from a ceramic material such as alumina or beryllia |is

. 1 . e
'that‘”ﬂhggev-materials have relatively low thermal

conductivities. Materials having low thermal
conductivities cannot conduct heat away from the I
chip as readily as materials having higher thermal
conductivities, thus causing higher IC chip operating
temperatures.

To obviate or minimize the disadvantages
associated with the use of conventional 1C chip
packaging techniques, it has become apparent that a new
packaging approach must be employed, especially with
the ever increasing size of IC chips which draw larger
amounts of current and generate more heat. The new
approach should preferably eliminate the need for
fabricating chip packages from a material having a
relatively low thermal conductivity. The new approach
should also eliminate the need for fabricating chip

packages from a material that must be fired at high
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temperatures, thus allowing for the use of input/nutput

- 4 -

leads having relatively low electrical resistances.

The present invention is directed to these ends.

SUMMARY OF THE INVENTION

The present invention resides in a novel IC chip
packaging construction in which a chip package is
fabricated from a material having a relatively high
thermal conductivity and input/output leads are
fabricated from a conductor material having a
relatively low electrical resistance. In a presently
pféferéeqv—embodiment of the invention, an IC chip is
enclosed by an upper and Jower metal cover and
hermetically sealed by a pair of insulating frames
interposed between the upper and lower metal covers. A
plurality of input/output leads extend through openings
in the insulating frames to make electrical connections
with the IC chip. In another presently preferred
embodiment of the invention, the input/output 1leads
include metal traces that are deposited by conventional
thick—-film techniques on one of the insulating frames.
In still another presently preferred embodiment of the
invention, the upper cover is fabricated from metal or
a glass—ceramic material and the lower cover is a
composite cover fabricated from metal and the glass-—
ceramic material.

In the presently preferred embodiment of the
invention, the upper and lower metal covers are

fabricated from copper or an alloy of beryllium and
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aluminum. These materials have relatively high thermal

conductivities, high resistances to corrosion, ARnd are
malleable. Consequently, a chip package fahricated
from one of these materials can conduct large amounts
of heat away from the IC chip, thus considerably
reducing the operating temperature of the chip.
Furthermore, a chip package fabricated from one of
these materials cén be assembled at relatively low
temperatures. Therefore, the input/output leads can be
fabricated from a metal having a relatively low melting
point and a relatively low electrical resistance, such
as coppér;”"Tﬁﬁ’?nédxéting frame is preferably formed
cazpt e

from a glass~cer9mic material having a coefficient of
expansion apbfox;mately equal that of the upper and
lower metal covers. One such gl ass—ceramic material is
disclosed in U.S5. Patent 4,480,044 to McAlinn.

It will be appreciated from the foregoing that the
present invention represents a significant advance over
conventional IT chip packaging techniques. Nther
features and advantages of the present invention will
become apparent from the following more detailed
description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the

principles of the invention.

BRIEF DESCRIFTION OF THE DRAWINGS

Figure 1 1is a fragmentary perspective view of an
IC chip packaging construction utilizing the technique

of the present invention;
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Figure 2 is an enlarged fragmentary sectional view

- -

of a presently preferred embodiment of the 1IC chip

packaging construction;

Figures 3A-TR are enlarged fragmentary sectional
views taken substantially along the line 3-3 of
Figure 25 and

Figure 4 is an enlarged fragmentary sectional view

of another presently preferred embodiment of the IO

chip packaging construction.

DESCRIFTION OF THE FREFERRED EMBODIMENTS

as éhgwnv in the drawings for purposes of
illustration,' the present invention is embodied in a
novel IC chip packaging construction in which a «hip
package is fabricated from a material having a
relatively high thermal conductivity and input/output

leads are fabricated from a conductor material having a

relatively Jow electrical resistance. Conventional
integrated—circuit (IC) chip packaging techniques
utilitze chip packages fabricated from a ceramic

material, such as alumina (A1203) or beryllia (ReQ),
These ceramic materials have several disadvantages.
One disadvantage is that these ceramic materials must
be Ffired at temperatures generally exceeding toonc.
This requires that the input/output leads be fabricated
from a metal having a relatively high melting point.
However, most of the available metals also have
relatively high electrical resistances. Another

disadvantage of fabricating chip packages from alumina
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or beryllia is that these materials have relatively low
thermal conductivities, thus causing higher IC chip
operating temperatures.

Figures 1 and 2 illustrate an IT chip packaging
construction 10 utilizing the technique of 1he
invention. The 1C chip packaging construction 10
includes a lower and upper cover 12, 14, respectively,
for enclosing an IC chip 16 and a pair of insulating
frames 18, 20 for hermetically sealing the IC chip 16
in the chip package. A plurality of low electrical
resistance input/output leads 22 make electrical
connectidn‘s“"’li"fit'l’j ‘the IC chip 16 through fine wires 23
that are_gPLderﬁd to the leads 22 and to contact areas
on the IC chip 16.

The chip packaging construction 10 is assembled by
first sandwiching the input/output leads 22 between the
two insulating frames 18, 20. The input/output  leads
22 are fabricated as an integral part of a metal Fframe
24, which provides support and alignment for the leads
22 during this part of the assembly, but is later cut
away. The insulating frame 18 is then hrazed to the
lower cover 12 with a brazing material 26, such as gold
germanium, at a temperature not to exceed approximately
700°C. The insulating frame 20 is brazed to an
attachment frame 27, also with brazing material 26.
The IC chip 16 is then placed in the partially
assembled package and the wires 23 are soldered between
the input/output leads 22 and the chip contact areas.

The upper cover 14 is placed over the partially
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assembled package and brazed to the attachment frame 27
with a somewhat lower temperature brazing material 26,
at a temperatuwre not to exceed approximately zo007C.

In a presently preferred embodiment of the
invention, the upper and lower covers 14, 12 are metal
covers fabricated prefereably from copper or an  alloy
of beryllium and aluminum, such as Be3BAl. These
materials have relatively high thermal conductivities,
high resistances to corrosion, and are malleable. For
example, copper has a thermal conductiwvity of
appruximatelyﬂﬁiqﬁwfém/éc~cm2, ZSDC, as compared with a

Loy

thermal conductivity for alumina of approximately 0.3

W—cm/DC—cmz, at 25°C. Therefore, a chip package

fabricated from one of these materials conducts larger
amounts of heat away from the 1IC chip, thus
considerably reducing the operating temperature of the
chip.

In addition, a chip package fabricated from one of
these materials can be assembled at relatively low
temperatures and, therefore, the input/output Jleads 22
can be fabricated from a metal bhaving a much lower
melting point than the metals typically used, such as
tungsten or molybdenum. Tungsten and molybdenum have
melting points of approximately x380°%C  and ZAOGOC,
respectively, but relatively high volume resistivities

8 ohm-m and 5.7 x 1078

of approximately 5.5 x 107 ohm—m,
respectively. These volume resistivities can be
compared with the resistivity of a more conventional

electrical conductor metal, such as copper, which has a
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8 ohm—m.

volume resistivity of approximately 1.7 » 107
In the presently preferred embodiment of the invention,
the input/output leads 22 are fabricated from copper,
which has a melting point of approximately 1083°C. As
shown in Figures 3A and 3B, the input/output Jeads 27
extend from the wires 27 to the exterior of the chip
package through outwardly extending openings 2R in one
or both of the insulating frames 18, 20.

The insulating frames 18, 20 support and insulate
the input/output leads 22, while hermetically sealing
the chip package. The insu}ating frames 18, 29 should
preferably bé‘fégiicaged from a glass—ceramic material
with a coef%iaienﬂ%@?ieﬁﬁhééion that is approximately
equal to that of the upper and lower metal covers 14,
12. Copper has & coefficient of expansion of
approximately 170 x 10-7/°C, from O to IOOOC, and an
alloy of beryllium and aluminum has a coefficient of

expansion that depends on the relative proportions of

each metal, but will fall within a range between the

coefficients for the two metals, which are
approximately 120 x 10_7 and 235 ¥ 10_7/GC, from 0 to
100°¢, respectively. In the presently preferred

embodiment of the invention, the insulating frames 18,
20 are fabricated from the flass—ceramic material
disclosed in U.S. Fatent 4,480,044 to McAlinn, which is
incorporated herein by reference. The qlass—ceramic
material disclosed by this patent has an adjustable
coefficient of expansion ranging from approximately 120

to 160 x 10_7/0C, depending on the intensity and time
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of exposure of a precursor glass composition to

10 - .

ultraviolet radiation and the temperature and time of
subsequent heat treatments to the radiated precursor
glass composition. The precursor glass composition is
disclosed in U.S5. Fatent 2,971,853 and is manufacltured
by the Corning Blass Works, Corning, New York, and
marketed under the trademark FOTOCERAMP

In another presently preferred embodiment of the
invention, as shown in Figure 4, the input/output leards
include metal traces 30 that are deposited hy
conventional thick—-film techniques on one of the
insulating frames and input/output leads 22”7 that are
soldered to the outer ends of the thick—film traces 30.
In this presently preferred embodiment of the
invention, the metal traces 30 are preferably
fabricated from copper.

In still another presently prﬁfprred‘emhodiment of
the invention, also as shown in Figure 4, an T chip
packaging construction 107 includes an upper cover 147
that 1is fabricated from metal or the glass—-ceramic
material and a lower composite cover 127 that is
fabricated from the glass—ceramic material, with a
plurality of through-holes 32 in the qglass—ceramic
material being filled with a metal 34, such as copper.
The composite cover has less weight and a wmore level
surface and is less costly than the all metal cover.

From the foregoing, it will be appreciated that
the present invention represents a significant advance

over conventional IC chip packaging techniques.
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Although several preferred embodiments of the invention
have been shown and described, it will be apparent that
other adaptations and modifications can be made without
departing from the spirit and scope of the invention.
Accordingly, the invention is not to he limited, excent

as by the following clAaims.

CLAIMS

I Claim:

1. An  integrated-circuit IC) chip pRckage,
comprisings:

an upper cover for enclosing an TC chipg

a lower cover for enclosing the IC chips;

an insUlating frame interposed hetween the upper
and lower covers for hermetically sealing the 1C chip
in the chip package, the insulating frame having a
plurality of outwardly extending openingss

a plurality of input/output  leads evtending
through the openings in the insulating frame for making
electrical connections with the TC chipg

wherein the upper and lower covers are fabricated
from a material having a high therm;] conductivity and
the plurality of input/output leads are fabricated from
a conductor material having a ] ow electrical
resistance.

2. The chip package as set forth in claim 1,
wherein at least one of the covers is fabricated from A
material that is electrically conductive and the

insulating frame is fabricated from a material that is
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electrically conductive and the insulating frame is
fabricated from a material that is electrically
insulative.

3. That: chip package as set forth in claim 1,
wherein the insulating frame is fabricated from a
glass—ceramic material having approximately the same
coefficient of expansion as the upper and lower covers.

4. The chip package as set forth in claim 1,
wherein the upper and lower covers are fabricated from
copper.

O. The chip package as set forth in claim I,
wherein the upper and lower covers are fabricated from
an alloy of beryllium and aluminum.

6. The chip package as set forth in claim 1,
wherein  the plurality of input/output leads are
fabricéted féoﬁlébpaéé;

7. The chip package as set forth in claim 1,
wherein the insulating frame includes two insulating
frames with the plurality of input/output Jeads
interposed between the insulating frames.

8. The chip package as set forth in claim 7,
wherein the plurality of input/output 1leads include
metal traces deposited on one of the insulating frames.

2. The chip package as set forth in claim t,
wherein the upper and lower covers and the insulating
frame are fabricated from a glass—ceramic material, the
lower cover having a plurality of through-holes filled
with a material bhaving a high thermal conductivity.

10, The chip package as set forth in claim 9,
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wherein the through-holes are filled with copper.
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