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5 Background of the Invention
Hybrid Integrated Circuits (HICs) often include active ch1ps, such as
Integrated Circuit (IC) chips, or some other electronic and other type of active or
passive elements (or devices) which during the operation either generate heat or are
subjected to heat generated by other elements of the HIC or the environment. Some
10 of the elements may be susceptible to damage due to this heat, e.g. separation of an
element from a support base, fracture of the element, fracture of conductors

connecting the element to the support base, changes in operation characteristics, and
the like.

To remove the heat from the individual elements of the HIC, at least
15 some of the elements, prone to be affected by the heat, may be selectively provided
with a "heat sink" of a high heat conductivity metal to pick up and transfer the heat
away from the element. _ :
- U.S. Patent 4,408,220 proposes a heat-dissipator (heat-sink) structure
including top and bottom plates interconnected by an intermediate section, which
20 structure is formed so as to be slidably mounted on an IC package which is in turn
- mounted on a support base, such as a printed circuit board. The top plate is '
resiliently connected and may contact a heat spreader plate which may be common
to 2 number of such heat-sinks. However, with further miniaturization and
automation of manufacture and assembly, such a mechanically secured heat-sink
25 may prove difficult to use.

- It is, thus, desirable to provide HICs in which a heat-sink is secured to a
chip or device so as to form a unitized assembly. It is also important that the
structure exhibits a minimum of stress during changes in temperature |
Summary of the Invention |

30 The present invention is an electronic circuit having an element
mounted on a suitable support base, a heat-sink having a bottom portion contacting
the element and at least one flange projecting from the bottom portion, and a stress-
balancing insert positioned on the bottom portion of the heat-sink and at least
partially coextensive with the element, said bottom portion of the heat sink being
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: -~ The element, the bottom portion of the heat-sink, the insert and the

adhesive layers form a balanced "sandwich" structure. Such a structure will exhibit

planar thermal expansion equivalent to the outer skins of the sandwich structure, e.g.

of the element and the insert. Expansion of the structure normal to the element and

10 the insert accommodates the balance of the absolute volumetric change of
components of the sandwich structure not accounted for in the skins.
Brief Description of the Drawing

The sole FIGURE is a cross-sectional view showing an exemplary
device constructed in accordance with the present invention.
15 Detailed Description

Reference numeral 1 designates an exemplary electronic circuit, such as
Hybrid Integrated Circuit (HIC) only a portion of which is shown. Reference
numeral 2 designates a support base made of a suitable material such as ceramic,
semiconductor (e.g. silicon), glass, plastic (e.g. epoxy), glass fiber-reinforced epoxy,
- 20 resin-coated metal (e.g. epoxy coated aluminum), molded circuit board or other
suitable materials. An element, 3, is mounted on the support base in a suitable
manner. In an exemplary embodiment, element 3 is an active semiconductor chip,
such as an Integrated Circuit (IC) chip. Chip 3 is mounted on the support base in a
so-called "flip-chip” manner in conductive contact between circuitry on the chip and
25 conductive leads and pads (not shown) on the support base. The chip is secured to
the support base, e.g. at 4, in a conventional manner such as by solder, alloying, gold
eutectic bonding, conductive adhesive, non-conductive adhesive and the like. |
In an exemplary embodiment, heat-sink 6 is attached to an upper surface
of chip 3, that is to that surface of the chip which is opposite to the surface facing the
30 support base. Heat sink, 6; has a bottom portion, 7, contacting the element and at
least one flange, 8, projecting from the bottom portion, for conducting the heat away
from the element. The heat-sink is of a suitable metal or alloy having high heat
conductivity, such as aluminum, copper, nickel, their alloys, brass, bronze, stainless
steel. Noble metals or their alloys such as gold, palladium, platinum, silver, can be
35 used. The metal should not lead to contamination of the element. The free end of
said at least one flange 8 may freely project from the heat sink. Alternatively, the
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part of a metallic housing about the circuit.

5 Flange 8 may be a single flange, or it may include at least two flanges.
Alternatively, flange 8 may form walls of a cup-shaped heat-sink. Also, the heat
sink may contact more than one element and, conveniently, may have more than one
flange projecting from the bottom portion.

In the exemplary embodiment, the heat-sink has a U-shaped

10 configuration with bottom portion 7 and flanges 8. The bottom portion is secured to
the upper surface of chip 3 by means of an adhesive, 9, having suitable temperature
resistance and procéssing characteristics. Typically, adhesives selected from
silicone, polyimide, acrylic, and epoxy resins may be used in HIC devices. An
epoxy resin, such as Epon 828 (Shell Chemical Company)'cured with 2 ethyl 4

15 methyl imidazole (Pacific Anchor Cforp.) or with other curing agents such as nadic-
methyl anhydride (Miller-Stephenson Corp.) is useful. However, conventional
attachment of the heat-sink to the element, e. g. a chip, by means of an adhesive,
leads to a strained unbalanced structure. This may lead to significant thermally-
induced stresses in the chip due to differences in respective coefficients of thermal

20 expansion (TCEs) of the components of the structure. For example a TCE of an
epoxy adhesive may vary from 15 to 60 ppm/°C, of a silicone rubber from 150-350
ppm/°C and polyimide resin from 10 to 20 ppm/°C while the TCE of a silicon ,
element may be only 2 to 3 ppm/°C and the metals of the heat-sink may have a TCE

~within a range of from 1 to 13 ppm/°C.
- 25 Stresses caused by differences in TCE may lead to an improper
operation of the device or may render the device inoperable, especially if the stresses
- result in a fracture of the device (e.g. of 2 chip) or of conductors connecting the

device to a circuitry on the support base or both. Because respective TCEs of
adhesive 9, chip 3 and heat-sink 6 differ each from another, this type of a structure

30 could lead to significant thermally induced stresses which may result from
subsequent manufacturing steps involvixig heat, such as a curing step, a soldering
step and the like, and/or may arise due to the heat produced by the element itself
during the operation of the device, by some other elements located in the vicinity of
chip 3 or by an environment. Such stresses may lead to reduced efficiency of

35 operation of the IC chip, damage of the IC chip and interconnections, separation of
the chip from the support base and/or the heat-sink and even fracture of the chip.
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of element 3, and may be equal to the TCE of the element.
In the exemplary embodiment, the stress-balancing insert is a
semiconductor chip, placed within the U-shape of heat-sink 6 in contact with an
inside surface of the bortom portion 7 of the heat-sink. Insert 11 is secured to the
10 heat-sink with an adhesive, 12, which is, preferably, of the same type as adhesive 9
which secures heat-sink 6 to active chip 3. Insert 11 may be, for example, an '
inexpensive "dummy” semiconductor chip, that is one without any dopants and
circuitry. The TCE of the dummy chip is selected to closely match those of active
chip 3. Insert 11 may also be provided with circuitry on an upper surface thereof for
15 interconnection with some other circuitry or element(s) of the HIC. |
Chip 3, bottom portion 7 of the heat sink, insert chip 11 and the two
layers of adhesive, 9 and 12, form a TCE balanced "sandwich"-like structure. Such a
structure is expected to exhibit planar thermal expansions equivalent to the outer
parts (skins) of the sandwich structure. Expansion of the sandwich structure normal
20 to the element and the insert accommodates the balance of the absolute volumetric
change of the components of the sandwich structure not accounted for in the outer
parts. '
Iris to be understood that the above-described embodiments are simply
illustrative of the principles of the invention. Various other modifications and
25 changes may be devised by those of average skill in the art, which will embody the
principles of the invention and fall within the scope and spirit thereof.
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a stress-balancing insert (11) positioned on the bottom portion, and in

that

10 ~ the bottom portion of the heat-sink is secured to the element and to the
insert by means of an adhesive (9), the insert being of a material having coefficient
of thermal expansion, o, which is different from the coefficient of thermal
expansion of the heat sink, 0. |

" 2. An article of claim 1, CHARACTERISED IN THAT the coefficient of
15 thermal expansion of the material of the insert, o, is intermediate the coefficient of
thermal expansion of the heat sink, o, and the coefficient of thermal expansion of

the material of the element o3.

3. An article of claim 1, CHARCTERISED IN THAT the coefficient of

thermal expansion qf' the material of the insert, o;, is matched with the coefficient of

20 thermal expansion of the material of the element, 03, or is equal to the coefficient of
thermal expansion of the material of the element, o. '

4. An article of claim 1, CHARACTERISED IN THAT said element is
selected from active and passive semiconductor chips, semiconductor devices or
chips, capacitors, resistors, oscillators, optical devices and optical fiber

25 interconnections.

5. An aricle of claim 1, CHARACTERISED IN THAT the insert
comprises a material selected from the group consisting of ceramic, semiconductor,
glass and reinforced epoxy, and/or is in the form of a platelet.

6. An article of claim 1, CHARACTERISED IN THAT the heat-sink has
30 a U-shaped cross-section, andfor has one or more flanges, or a cup-like .
configuration, and/or the heat-conducting material is a metal.
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contacting the el enent one flange, 8, project¢ng fmomsthe
bottom portion, for conducting the heat away fromthe el ement. The
heat-sink is of a suitable netal or alloy having high heat conductivity,
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el ement. The fraeaehfsaidupper surface pfthetelementf | ange 8 may freely project from
the heat sink. Alternatively, the -3- free end may be provided with a

heat - di ssi pating portion S\not Sshown). Al so, the free . .
8. An article of claim 14, CHARACTERISED IN THAT said heat sink

5 comprises a metal selected from aluminum, copper, nickel and their alloys, brass,
bronze, gold, silver, palladium, platinum and/or the support base comprises a
material selected from the group consisting of ceramic, glass, semiconductor, plastic,
composite material, resin-reinforced fibers and resin-coated metal.

9. An article of claim 1, CHARACTERISED IN THAT said adhesive
10 comprises a resin selected from the polymers, silicone, polyimide, epoxy, and acrylic
resins.

10. An article of any one preceding claim, CHARACTERISED IN
THAT said article forms a part of a Hybrid Integrated Circuit (HIC).
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end may be in contact with a common heat spreader (not shown) which is

ei ther provided specifically for dissipating the heat transmtted by each
flange or forns a part. of a netalli‘’c housing about the circuit. Flange 8
may be a single flange, or it may include qat |east two flanges. :
Alternatively, flange 8 may formwalls of a cup-shaped heat-sink. Al so, the
heat sink may contact nore than one el ement and, conveniently, may have
nore than one flange prdiBA{ SINKEQRELECTROMEKGIBGHITRY t he exenpl ary
enbodi ment, tRestrged - Si nk has a U-shaped configuration with bottom portion

7 and flanges™3. The bpttomportjon js secuyred to the upper surface of chip
3 by neans of an adheﬁ%ﬁyﬁgﬁﬁﬁl%‘EW%?%"?‘%WF%&%’FEEPQQ?%‘P'&%@O&M

processi ng chgiimblessupport base, Aheatsihk having hcitoaspartbe comdctngive elénenone,
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insert positioned on the bottom portion of the heat-sink and at least partiaily
coextensive with the element, said bottom portion of the heat sink being secured to
the element and to the insert by means of an adhesive. The insert is of a material
having a coefficient of thermal expansion (TCE), ., different from the TCE, &, of
10 the heat sink. The TCE of the insert may be intermediate the TCE of the heat sink
and the TCE, o3, of the material of the element. Preferably, the TCE of the insert
approximately matches or is equal to the TCE of the material of the element.
The element, the bottom portion of the heat-sink, the insert and the
adhesive layers form a balanced "sandwich" structure. Such a structure will exhibit
15 planar thermal expansion equivalent to the outer skins of the sandwich structure, e.g.
of the element and the insert. Expansion of the structure normal to the element and
the insert accommodates the balance of the absolute volumetric change of
components of the sandwich structure not accounted for in the skins.
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met hyl im dazole (Pacific Anchor Corp.) or with other curing agents such as
nadi c- methyl anhydride (Ml er-Stephenson Corp.) is useful. However,
conventional attachnent of the heat-sink to the elenent, e.g. a chip, by
neans of an adhesive, leads to a strainggjunbal anced structure. This may
| ead to significant thermally- induced stresses in the chip due to
differences in respective coefficients of thermal expansion (TCEs) of the
components of the structure. .For exanple a TCE of an epoxy adhesive may
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support base and/or the heat-sink and even facture of the chip. 4

Technical Field

This invention relates to heat sinks for the removal ot' heat from
clements of electronic circuits, such as Hybrid Integrated Circuits (HICs).
Background of the Invention

Hybrid Integrated Circuits (HICs) often include active chips, such as
Integrated Circuit (IC) chips, or some other electronic and other type of active br
passive elements (or devices) which during the operation either generate heat or are
subjected to heat generated by other elements of the HIC or the environment. Some
of the elements may be susceptible to damage due to this heat, ¢.g. scparation of an
element from a support base, fracture of the element, fracture of conductors

connecting the element to the support base, changes in operation characteristics, and
the like. '

To remove the heat from the individual elements of the HIC, at least
some of the elements, prone to be affected by the heat, may be selectively provided
with a "heat sink” of a high heat conducnvny metal to pick up and transfer the heat
away from the element.

U.S. Patent 4,408,220 proposes a heat-dissipator (heat-sink) structure
including top and bottom plates interconnected by an intermediate section, which
structure is formed so as to be slidably mounted on an IC package which is in un
mounted on a support base, such as a printed circuit board. The top plate is
resiliently connected and may contact a heat spreader plate which may be common
to a number of such heat-sinks. However, with further miniaturization and
automation of manufacture and assembly, such a mechanically secured heat-sink
may prove difficult to use.

It is, thus, desirable to provide HICs in which a heat-sink is secured toa
chip or device so as to form a unitized assembly. It is also important that the
structure exhibits a minimum of stress during changes in temperature.

Summar! of the Invention

The present invention is an electronic circuit having an element
mounted on a suitable support base, a heat-sink having a bottom portion contacting
the element and at least one flange projecting from the bottom portion, and a stress-
balancing insert positioned on the bottom portion of the heat-sink and at least
partially coextensive with the element, said bottom portion of the heat sink being
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Thi s probl em has been solved by providing a bal an eﬂ § ¢rngng
structure shown schematically in the FI GURE. Refere alstress-
bal ancing insert, TCE of which, [err], is differedt fromthe TCE, {[¢rr], of
the heat sink. The TCE of the insert, [err], may He |i n26NQ¥iWP& dhd TCE of
the heat sink, [err], and the TCE, a3, of elenment {8.1 Preferably, tihg TCE of
the insert is matched to the TCE of eleneny 3, andl may be equal to tjhe TCE
of the element. In the exenplary enbodi nenf,; the skress-bhalancirg—fsert is
a sem conductor chip, placed within the U—shape of heat-sink 6 in contact
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The element, the bottom portion of the heat-sink, the insert and the

adhesive layers form a balanced "sandwich" structure. Such a structure will exhibit

planar thermal expansion equivalent to the outer skins of the sandwich structure, e.g.

of the element and the insert. Expansion of the structure normal to the element and

the insert accommodates the balance of the absolute volumetric change of

components of the sandwich structure not accounted for in the skins.

Brief Description of the Drawing

The sole FIGURE is a cross-sectional view showing an exemplary
device constructed in accordance with the present invention.
Detailed Description

Reference numeral 1 designates an exemplary electronic circuit, such as
Hybrid Integrated Circuit (HIC) only a portion of which is shown. Reference
numeral 2 designates a support base made of a suitable material such as ceramic,
semiconductor (e.g. silicon), glass, plastic (e.g. epoxy), glass fiber-reinforced epoxy,
resin-coated metal (e.g. epoxy coated aluminum), molded circuit board or other

- suitable materials. An element, 3, is mounted on the support base in a suitable
manner. In an exemplary embodiment, element 3 is an active semiconductor chip,
such as an Integrated Circuit (IC) chip. Chip 3 is mounted on the support base in a
so-called "flip-chip” manner in conductive contact between circuitry on the chip and
conductive leads and pads (not shown) on the support base. The chip is secured to '
the support base, ¢.g. at 4, in a conventional manner such as by solder, alloying, gold
eutectic bonding, conductive adhesive, non-conductive adhesive and the like.

In an exemplary embodiment, heat-sink 6 is attached to an upper surface
of chip 3, that is to that surface of the chip which is opposite to the surface facing the
support base. Heat sink, 6, has a bottom portion, 7, contacting the clement and at
least one flange, 8, projecting from the bottom portion, for conducting the heat away
from the clement. The heat-sink is of a suitable metal or alloy having high heat
conductivity, such as aluminum, copper, nickel, their alloys, brass, bronze, stainless
steel. Noble metals or their alloys such as gold, palladium, platinum, silver, can be
used. The metal should not lead to ¢contamination of the elemeat. The free end of
said at least one flange 8 may freely project from the heat sink. Altematively, the
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chip 3. Insert 11 may al so be provided with circui tr REBOACEMENBpSHEESul f ace

thereof for interconnection with sone other circuit|r tement(s)
H C Chip 3, bottomportion 7 of the heat sink, insgrt g%:,,bp'}‘,a\}
layers of adhesive, 9 and 12, forma TCE bal anced "|sgn ch =11

structure. Such a structure is expected to exhibit jpl
expansi ons equi valent to the outer part {3kins) of {the sandwi ch strugture.
Expansi on of the sandwi ch structure normal to the € rmsert
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art, which wi |PPI‘8%8&%5§§§B‘L’T‘§¥'}%°§°& & Br'he i nvention and fall within the
scope and spirit therdiénge 8 may be a single flange, or it may include at least two flanges.
Alternatively, flange 8 may form walls of a cup-shaped heat-sink. Also, the heat
sink may contact more than one element and, conveniently, may have more than one
flange projecting from the bottom portion. '

In the exemplary embodiment, the heat-sink has a U-shaped
configuration with bottom portion 7 and flanges 8. The bottom portion is secured to
the upper surface of chip 3 by means of an adhesive, 9, having suitable temperature
resistance and processing characteristics. Typically, adhesives selected from
silicone, polyimide, acrylic, and epoxy resins may be used in HIC devices. An
epoxy resin, such as Epon 828 (Shell Chemical Company) cured with 2 ethyl 4
methy! imidazole (Pacific Anchor Corp.) or with other curing agents such as nadic-
methyl anhydride (Miller-Stephenson Corp.) is useful. However, conventional
attachment of the heat-sink to the element, e.g. a chip, by means of an adhesive,
leads to a strained unbalanced structure. This may lead to significant thermally-
induced stresses in the chip due to differences in respective coefficients of thermal
expansion (TCEs) of the components of the structure. For example a TCE of an
epoxy adhesive may vary from 15 to 60 ppm/°C, of a silicone rubber from 150-350
ppm/°C and polyimide resin from 10 to 20 ppm/°C while the TCE of a silicon

element may be only 2 to 3 ppmy/°C and the metals of the heat-sink may have a TCE
within a range of from 1 to 13 ppm/°C. _

~ Stresses caused by differences in TCE may lead to an improper
operation of the device or may render the device inoperable, especially if the stresses
result in a fracture of the device (e.g. of a chip) or of conductors connecting the
device to a circuitry on the support base or both. Because respective TCEs of
adhesive 9, chip 3 and heat-sink 6 differ cach from another, this type of a structure
could lead to significant thermally induced stresses which may result from
subsequent manufacturing steps involving heat, such as a curing step, a soldering
step and the like, and/or may arise due to the heat produced by the clement itself
during the operation of the device, by some other elements located in the vicinity of
chip 3 or by an environment. Such stresses may lead to reduced efficiency of
operation of the IC chip, damage of the IC chip and interconnections, separation of
the chip from the support base and/or the heat-sink and even fracture of the chip.




VWhat is claimed is: 1. An article conprising an elrement ‘ }
surface of a support base. a heat-sink of a high reﬁfp%%ﬁiﬁé}'@? terial
hav- ing a bottomportion attached to an upper surfgce of the el ement and
at 'l east one flange projecting fromthe bottom porjtiton gayay 396
stress-bal ancing insert positioned on the bottom gorjti on, the botfo
portion of the heat-sink being secured t94_

This problem has been solved by providing a balanced “sandwich"-like
structure shown schematically in the FIGURE. Reference 11 denotes a stress-
balancing insert, TCE of which, a, is different from the TCE, a1, of the heat sink.
The TCE of the insert, ¢¢;, may be intermediate the TCE of the heat sink, a4, and
the TCE, a3, of element 3. Preferably, the TCE of the insert is matched to the TCE
of element 3, and may be equal to the TCE of the element.

In the exemplary embodiment, the stress-balancing insert is a
semiconductor chip, placed within the U-shape of heat-sink 6 in contact with an
inside surface of the bottom portion 7 of the heat-sink. Insert 11 is secured to the
heat-sink with an adhesive, 12, which is, preferably, of the same type as adhesive 9
which secures heat-sink 6 to active chip 3. Insert 11 may be, for example, an
inexpensive "dummy"” semiconductor chip, that is one without any dopants and
circuitry. The TCE of the dummy chip is selected to closely match those of active
chip 3. Insert 11 may also be provided with circuitry on an upper surface thereof for
interconnection with some other circuitry or element(s) of the HIC,

Chip 3, bottom portion 7 of the heat sink, insert chip 11 and the two
layers of adhesive, 9 and 12, form a TCE balanced "sandwich"-like structure. Such a
structure is expected to exhibit planar thermal expansions equivalent to the outer
parts (skins) of the sandwich structure. Expansion of the sandwich structure normal
to the element and the insert accommodates the balance of the absolute volumetric
change of the components of the sandwich structure not accounted for in the outer
parts.

It is to be understood that the above-described embodiments are simply
illustrative of the principles of the invention. Various other modifications and
changes may be devised by those of average skill in the art, which will embody the
principles of the invention and fall within the scope and spirit thereof.
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3. An article of

claim1 in WPER*t he coefficient of thernal expansion of the material of

the insert, al, is l-Anarticle comprising

~ an element (3) mounted on a surface of a support base (2),

CHARACTERISED BY

a heat-sink (6) of a high heat conductivity material having a bottom
portion (7) attached to an upper surface of the element and at least one projecting on,
and

a stress-balancing insert (11) positioned on the bottom portion, and in
that :
the bottom portion of the heat-sink is secured to the element and to the
insert by means of an adhesive (9), the insert being of a material having coefficient
of thermal expansion, «;, which is different from the coefficient of thermal
expansion of the heat sink, &;.

2. An article of claim 1, CHARACTERISED IN THAT the coefficient of
thermal expansion of the material of the insert, a;, is intermediate the coefficient of
thermal expansion of the heat sink, o, and the coefficient of thermal expansion of
the material of the element 03. '

3. An article of claim 1, CHARCTERISED IN THAT the coefficient of
thermal expansion of the material of the insert, a;, is matched with the coefficient of
thermal expansion of the material of the element, a3, or is equal to the coefficient of
thermal expansion of the material of the element, ¢3.

4. An article of claim 1, CHARACTERISED IN THAT said element is
selected from active and passive semiconductor chips, semiconductor devices or
chips, capacitors, resistors, oscillators, opucal devices and optical fiber
interconnections.

S. An aricle of claim 1, CHARACTERISED IN THAT the insert
comprises a material selected from the group consisting of ceramic, semiconductor,
glass and reinforced epoxy, and/or is in the form of a platelet.

6. An article of claim 1, CHARACTERISED IN THAT the heat-sink has
a U-shaped cross-section, and/or has one or more flanges, or a cup-like
configuration, and/or the heat-conducting material is a metal.

ch
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7. An article ofclaim 1, CHARACTERISED IN THAT the area of the

bottom portion of the heat sink contacting the element is substantially equal to the
area of said upper surface of the element.

8. An article of claim 14, CHARACTERISED IN THAT said heat sink
comprises a metal selected from aluminum, copper, nickel and their alloys, brass,
bronze, gold, silver, palladium, platinum and/or the support base comprises a
material selected from the group consisting of ceramic, glass, semiconductor, plastic,
composite material, resin-reinforced fibers and resin-coated metal.

9. An article of claim 1, CHARACTERISED IN THAT said adhesive
comprises a resin selected from the polymers, silicone, polyimide, epoxy, and acrylic
resins.

10. An article of any one preceding claim, CHARACTERISED IN
THAT said article forms a part of a Hybrid Integrated Circuit (HIC).



7. An article of claim1l in V\hich”the_insert conprises a naterial selected
fromthe group consisting of ce- ranmic, sem conductor, glags fﬁpg’[\ -&«f
e L

fiber-reinforced epoxy 8. An article of claim7 in which tH . _ELQ$3fEET
the insert is a seniconductor. EP 9. An "
article of claim1 in which the insert is in the form of apat%@enovmé_
article of claiml which the heat-sink ha; a U shaped crosp-gection.

HEAT SINK FOR ELECTRONIC CIRCUITRY
Abstract '

A thermally balanced electronic circuit having an element mounted on a
suitable support base, a heat-sink having a bottom portion contacting the element
and at least one flange projecting from the bottom portion, and a stress-balancing

insert positioned on the bottom portion of the heat-sink and at least partially

coextensive with the element, said bottom portion of the heat sink being secured to
the element and to the insert by means of an adhesive. The insert is of a material

having a coefficient of thermal expansion (TCE), a,, different from the TCE,

oy, of

the heat sink. The TCE of the insert may be intermediate the TCE of the heat sink
and the TCE, a3, of the material of the element. Preferably, the TCE of the insert

approximately matches or is equal to the TCE of the material of the element.

The element, the bottom portion of the heat-sink, the insert and the
adhesive layers form a balanced “sandwich” structure. Such a structure will exhibit
planar thermal expansion equivalent to the outer skins of the sandwich structure, e.g.
of the element and the insert. Expansion of the structure normal to the element and

the insert accommodates the balance of the absolute volumetric change of
components of the sandwich structure not accounted for in the skins.

FIGURE 1.
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~6 11. An article of claim1l in which said heat-sink has a plurality of said
flanges. 12. An article of claim k«inh which said heat-sink has a cup-like
~configuration. 13. An article of claim1l in ‘which the area of the bottom

"portion of the heat sink contacting the el enent
area of said upper surface of the el enent.
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aLSrn' num copper, nickel and their alloys, brass, bronze, gold, silver,
\pal | adi um pl at: of claiml in _which. said. scupp,orur.*_.ba.se.m...

conprises a nate m t he group consi st hgfﬁ*ﬁ BolET BEETS gl s

sem conduct or, mﬂ“[mmﬁl}wllﬂer rei nforced riesi neh: [ egied-.coat gaged ...
metal . 17. An ar I n whi ch sai d [aghesivg com prise® pagedst.n
sel ected fromthe group of polynmers con® Sist i ng: o] ,-_i : Liol ytonpaked .....

epoxy, and acrylic resins. 18. An article of cljal M- L fvdok aged ...
adhesi ve conprWieat isclsiped/iscesin. 19. An arti gl e of claim 1 TN whi cﬁ sai d
article forms g Addrtitle @ofpridig! ntegrated Crcuit (K Opvcmor  sar

an element mounted on a surface of 2 suppon base,

a heat-sink of a high heat conductivity material hav-
ing a bottom portion attached to an upper surface
of the element and at least one flange projecting
from the bottom portion, and

a stress-balancing insert positioned on-.the bottom

portion,

the bottom portion of the heat-sink being secured to

the element and to the insert by means of an adhe-
sive, and the insert being of a2 material having coef-
ficient of thermal expansion, a;, which is different
from the coefficient of thermal expansion of the
ligh heat conductivity material of the heat sink, az.

2. An article of claim 1 in which the coefficient of
thermal expansion of the material of the insert, ay, is
intermediate the coefficient of thermal expansion of the
high heat conductivity material of the heat sink, a3, and
the coefficient of thermal expansion of the material of
the element, as.

3. An article of claim 1 in which the coefficient of
thermal expansion of the material of the insert, ay, is
matched with the coefficient of thermal expansion of
the material of the element, a;. _

4. An article of claim 3 in which the coefficient of
thermal expansion of the material of the insert, ay, is
equal to the coefficient of thermal expansion of the
material of the element, as.

5. An article of claim 1 in which said element is se-
lected from the group consisting of active and passive
semiconductor chips, semiconductor devices, capaci-
tors, resistors, oscillators, optical devices and optical
fiber interconnections.

. 6. An article of claim § in which the element is a
semiconductor chip.

7. An article of claim 1 in which the insert comprises
a material selected from the group consisting of ce-
ramic, semiconductor, glass and glass fiber-reinforced
epoxy

8. An article of claim 7 in which the material of the
insert is a semiconductor.

9. An article of claim 1 in which the insert is in the
form of a platelet.

10. An article of claim 1 in which the heat-sink has a
U-shaped cross-section.
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11. An article of claim 1 in which said heat-sink has a
plurality of said flanges.

12. An article of claim 1 in which said heat-sink has a
cup-like configuration.

13. An article of claim 1 in which the area of the
bottom portion of the heat sink contacting the element
is essentially equal to the area of said upper surface of
the element.

14. An article of claim 1 in which said high heat
conductivity material is a metal.

15. An article of claim 14 in which said heat sink
comprises a metal selected from the group consisting of -
aluminum, copper, nickel and their alloys, brass,
bronze, gold, silver, palladium, platinum.

16. An article of claim 1 in which said support base
compnses a material selected from the group consisting
of ceramic, glass semiconductor, plastic, glass ﬁber-
reinforced resin and resin-coated metal.

17. An article of claim 1 in which said adhesive com-
pnses a resin selected from the group of polymers con-
sisting of silicone, polyimide, epoxy, and acrylic resins. .

18. An article of claim 17 in which said adhesive
comprises an epoxy resin.

19. An article of claim 1 in which said article forms a
part of 2 Hybrid Integrated Circuit (HIC).
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