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Application S/N 08/650,407, filed May 20, 1996.

BACKGROUND OF THE INVENTION

This invention relates generally to methods and apparatus for
dissipating heat from integrated circuit devices, and more particularly, to printed
circuit board heat sinks and methods for transferring heat from integrated circuit
devices to such heat sinks.

As integrated circuits ("ICs"), and in particular, microprocessors are
designed to run at inéreasing speeds, such circuits consume more power and generate
more heat. Such heat needs to be dissipated to maintain the integrated circuit and
nearby circuits within rated operating temperature ranges. Conventionally, this is
done by coupling the IC's to heat sinks and blowing air using cooling fans. In
addition, some faster microprocessor chips, such as some Pentium™ microprocessor
models, have increased maximum temperature tolerances to 95°C. Although such
chips can withstand increased and relatively high operating temperatures, neighboring
IC's can not. The neighboring chips are often limited to conventional maximum
operating temperatures of approximately 70°C. With the microprocessor in close
proximity to these less tolerant components, some of the microprocessor's heat tends
to flow into the printed circuit ("PC") board and to such components. Of concern is
the overheating of the surrounding components. To avoid damage to the less tolerant
components in the vicinity of the heat generating microprocessor, it is known to
throttle back the microprocessor's speed when peak operating temperatures are sensed.
Reducing the speed causes the microprocessor to generate less heat. It also means,

however, that the customer's product is not operating as fast as expected.
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vias travels, not only to the heat sink, but also into the several copper layers of the PC
board. The PC board typically includes a plurality of copper layers for electrically
interconnecting the multiple IC chips on the PC board. Such copper layers border the
via at the copper lining. Thus, undesirably effective heat transfer paths also occur
between the microprocessor and nearby devices.

Another shortcoming of conventional heat transfer solutions relates to
the microprocessor surface mounting process. To enhance thermal conductivity
between a microprocessor and the PC board vias, the region where the microprocessor
is to be placed typically is covered with solder. During the surface mounting process,
the solder becomes liquid. Then, when resolidifying, the solder defines a heat
conductive bridge from microprocessor to PC board. Unfortunately the solder
mounds up in areas resulting in a very uneven surface. The non-planar solder
interface between microprocessor and PC board reduces the thermal transfer
effectiveness of the bridge. Accordingly, there is need for a more effective chip

mounting technique, and a more effective thermal contact.

SUMMARY OF THE INVENTION
According to the invention, a heat conductive substrate is mounted
within a through-opening of a printed circuit ("PC") board. An integrated circuit then

is mounted to one side of the heat conductive substrate, while a heat sink is in thermal

This Sheet Has Been Replaced

gt




2 Accordingly, there is an ongoing need for transferring heat away from
the m croprocessor wi thout unduly heating neighboring conponents and

wi t hout conprom sing processor speed. eat transfer
net hod uses copper-lined vias in a PC board JH{SS%ﬁFAMﬁP om t he

m croprocessor to a heat sink. Copper i3 a good cOHPLALEY of nhleat. The

m croprocessor is nmounted to the PC board providing a thermal contact

bet ween t he r@oﬁfa@%%@%&fef s;aedmll;u%mmﬁé M@érht%d@frc&:h% bt AdunRd@gt Sink
typically is nounted to the underside of the PC board. Heat fromthe

m cr opr ocess dherriad nontactowitidthetPétbadrding t he copper val | s away fromthe

m croprocessor.to the heat sink. A shortconiLng of such approach is that
heat E onduct e‘ﬂltg|n@r§greph@egggﬁ@ptag\%pepgeqﬁthﬁ % and the PC board %ge thermal transfer

path between the IC and neighboring circuits is eliminated.

According to one aspect of the invention, the substrate is mounted to
one outer layer of the PC board and concentrically spaced from other layers of the PC
board. An air gap thus occurs between the heat conductive substrate and most layers
of the PC board. This substantially reduces heat conductivity into the intermediary
layers of the PC board. In a preferred embodiment the heat conductive substrate is
mounted to an undersurface of the PC board - such undersurface being the closest PC
board layer to the heat sink. In some embodiments the heat sink is in thermal contact
with such undersurface in the vicinity of the substrate.

According to another aspect of the invention, an integrated circuit is
mounted on one side of the substrate. In a preferred embodiment an adhesive is used
for such mounting to provide a smooth co-planar contact. The co-planar contact
provides a continuous, effective heat transfer bridge from IC to substrate. According
to another aspect of the invention, a heat sink is in thermal contact to an underside of
the substrate.

According to another aspect of the invention, an apparatus for
conducting heat away from a first integrated circuit is mounted to a PC board. The
PC board has a top surface, a bottom surface and an intermediary layer, and defines a
through opening from the top surface through the bottom surface. The first integrated
circuit has a first underlying surface area. The apparatus includes a heat conductive
substrate positioned within the through-opening. The substrate has a first surface with
an area at least as large as the first integrated circuit first underlying surface area. The
first integrated circuit is mounted to the heat conductive substrate first surface. The
substrate is concentrically spaced apart from the PC board intermediary layer. An air
gap occurs between the substrate and the intermediary layer within the through
opening. In a preferred embodiment the substrate is formed of copper. To provide a

smooth co-planar thermal contact between the first integrated circuit and the heat
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board, and fixing the first integrated circuit into thermal contact with the substrate.
The first integrated circuit is fixed to a first surface area of the substrate at an
underlying surface of the first integrated circuit. The substrate first surface area is at
least as large as the first integrated circuit first underlying surface area to avoid direct
thermal contact between the first integrated circuit and the PC board. The substrate is
maintained in thermal contact with the heat sink.

One advantage of the invention is that heat conductivity between a
given integrated circuit, such as a high speed microprocessor, and neighboring
circuits is reduced. Another advantage is that an effective heat transfer path is
established between a given integrated circuit and a heat sink. Another advantage is
that an effective thermal contact is established between a given integrated circuit
package and the substrate. Another advantage is that an awkward thermal transfer
path occurs between the heat transfer substrate and the PC board intermediary layers.
These and other aspects and advantages of the invention will be better understood by
reference to the following detailed description taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded cross-sectional view of a PC board, integrated
circuit and heat sink configured to implement a conventional heat transfer method
between the integrated circuit and heat sink;

Fig. 2 is a cross-sectional view of the PC board, integrated circuit and
heat sink of Fig. 1;

Fig. 3 is a partial view of an undersurface of the PC board of Fig. 1.
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- 3- SUMVARY OF THE | NVENTI ON I n accordance with the

present invention, there is provided a nmethod for formng a heat
transfer path between an integrated circuit and a heat sink, conprising the
steps of: 5 nounting a heat conductive substrate within a

t hr ough- openi ng of a PC boar d; fixing the integrated circuit into
thermal contact with a first surface area of the substrate, the
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surface area being at least as large as the integrated circuit
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an embodiment of this invention; and '
Fig. 6 is a cross-sectional view of a PC board, integrated circuit, heat
conductive substrate and heat sink of Fig. 5;
Fig. 7 is a partial cross-sectional view showing an alternative heat
conductive wafer embodiment bonded to a PC board; and
Fig. 8 is a perspective view of another alternative heat conductive

wafer embodiment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Figs. 1 and 2 show a conventional heat dissipation structure 10 for
transferring heat away from a high speed microprocessor integrated circuit 12. The
microprocessor 12 is mounted to a multi-layer PC board 14, typically by thermal
mounting tape 15, or by another surface mounting technique. The microprocessor
includes contacts 16 for enabling electrical interfacing to other integrated circuits,
devices and signal paths. Typically a polyamide structure 18 maps contact
connections between the microprocessor 12 and PC board traces. The polyamide
structure 18 includes inner leads 20 compression mounted to the microprocessor
contacts 16 and outer leads 22 soldered to the PC board traces. The polyamide
structure 18 has internal circuit paths which are mapped to provide desired path
connections between a given inner lead 20 (and thus a desired microprocessor contact
16} and a given outer lead 22 (and thus a desired PC board trace). An encapsulant 19
typically is applied to the microprocessor 12 at a surface adjacent to the polyamide
structure.

The PC board includes multiple layers 24 for defining PC signal path
traces for interconnecting the microprocessor 12 and other integrated circuits mounted

to the PC board 14. The PC board 14 includes multiple vias 26 in the area where the



adj acent to the opening, wherein solder is |ocated between said substrate
second surface area 15 and said PC board external surface; and
heating the substrate to liquefy the solder and attach the substrate to the

PC boar d. I n anot her aspect, there is provided a nethod for
form ng a heat transfer path between Gn integrated circuit and a heat
sink, conprising the steps of: 20 nounti ng a heat conductive
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screws 34 are used to hold the heat sink 30 to the PC board 14. Heat is conducted
away from the microprocessor 12 along the copper walls 28 to the heat sink 30. Such
copper walls 28, however, also are in intimate thermal contact with the PC board
layers 24. Conductive signal paths formed within the PC board layers 24 also are
formed of copper or another effective heat conductor. Accordingly, there also are heat
transfer paths conducting the microprocessor heat toward other integrated circuits in
the vicinity of the microprocessor. This is undesirable because these other integrated
circuits typically are not as tolerant of increased operating temperatures as the

microprocessor, and/or do not have heat sinks in proximate thermal communication.

eat Dissipati tructure diment

Fig. 4 shows a heat dissipation structure 35 for transferring heat away from a
high speed microprocessor integrated circuit 12 according to one embodiment of the
invention. A heat sink 30’ having two sections 31, 33 sandwiches the microprocessor
12 to transfer heat away from the microprocessor 12. A lower section 31 is in thermal
contact with a lower surface of the microprocessor, while an upper section 33 is in
thermal contact with an upper surface of the microprocessor. The PC board 14 for
the microprocessor 12 has an opening 36 into which a portion 37 of a heat sink section
31 extends. The heat sink portion 37 fills the opening 36. The microprocessor 12 is
mounted to the lower heat sink section 31 via thermal mounting tape. The heat sink
upper section 33 includes legs 38. The upper section 33 is fastened to the heat sink
lower section 31 via mounting screws 34 extending through the PC board 14 into the

legs 38.



-4- integrated circuit, the integrated circuit defining an underlying

surface area, the apparatus conpri si ng: . a PC board defining a
t hrough- opening having a first area over a thickness of the PC board; 5

a heat conductive substrate permanently nmounted within the through-opening,
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fastened to the lower section 33.

Figs. 5 and 6 show a heat dissipation configuration 40 for conducting
heat away from an integrated circuit ("IC") 42 in another embodiment of this
invention. The IC 42 is a microprocessor or other heat generating IC. Shown is an
IC 42 having protruding tape automated bonding ("TAB") contacts 44. ICs having
other lead configurations or special package enclosures also are encompassed by the
heat dissipation scheme of this invention. A polyamide structure 18 maps contact
connections between the microprocessor 42 and PC board traces. The polyamide
structure 18 includes inner leads 20 compression mounted to the microprocessor
contacts 44 and outer leads 22 soldered to the PC board traces. The polyamide
structure 18 has internal circuit paths which are mapped to provide desired path
connections between a given inner lead 20 (and thus a desired microprocessor contact
44) and a given outer lead 22 (and thus a desired PC board trace). An encapsulant 45
is applied to the microprocessor 12 at a surface adjacent to the polyamide structure 18.

The IC 42 is mounted at its undersurface 82 to a heat conductive
substrate 50 via thermal mounting tape 65. In a preferred embodiment the substrate
50 is made of copper or silver. The substrate 50 is mounted to a multi-layer printed
circuit ("PC") board 52. The PC board includes an upper layer 54, a bottom layer 56
and one or more intermediary layers 58. Typically each layer 54-58 is an electrically
insulative layer with various electrically-conductive signal paths formed therein. The
PC board 52 defines an opening 60 extending all the way through the board. The
substrate 50 is mounted or otherwise attached to the PC board 52 to extend into the
opening 60. In a preferred embodiment the substrate 50 defines a lip portion 62 along
its periphery. The lip portion 62 extends around the perimeter of the substrate 50.
The substrate 50 has an upper surface 64, an under surface 66, and a side perimeter
68. To install the substrate 50 the substrate upper surface 64 is inserted at the

undersurface 70 of the PC board 52 through the opening 60. The substrate upper
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In an exemplary embodiment for a 46 mil thick PC board 52, the
substrate 50 is 60 mils thick. The lip 62 extends a thickness of 20 mils, while the
remainder of each sidewall extends another 40 mils. The opening 60 has a square
shape extending 1.27 cm along each length. The substrate 50 correspondingly has a
square shape. The portion of the substrate fitting within the opening extends
approximately 1.25 cm along each length. The portion of the substrate beneath the
opening 60 extends wider at approximately 1.4 cm along each length.

According to the preferred embodiment the substrate 50 is only in
direct physical contact with the undersurface 70 of the PC Board 52. Asshown in Fig.
3 there is an air gap 80 between the substrate 50 and the walls of the opening 60. In
one embodiment the air gap extends for 10 mils. Thus, the substrate 50 is not in
physical contact with any layers 54, 58 of the PC board 52 other than the underlayer
56.

Fig. 7 shows an alternative embodiment for a heat conductive substrate
50'. Such substrate 50' omits the lip portion 62 of substrate 50. The alternative
substrate 50' is held to the PC board 52 via thermal insulating bonding material 92
along its sides 68. Thus, the bonding material 92 is located within the opening 60
filling all or a portion of the air gap 80. Such mounting method also serves as an
alternative and/or an additional mounting method for the substrate 50 of Figs. 5 and 6.
An exemplary material 92 is a polyurethane elastomer, such as RP 6403-1 resin and
hardener (REN:C:O-THANETM) from Ciba-Geigy Corporation's Formulated

Materials Group in East Lansing, Michigan.
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Fig. 8 shows another alternative embodiment for a heat conductive
substrate 50". Such substrate 50" includes mounting tabs 94 at each corner in place of
the lip 62 of substrate 50. The substrate 50" is mounted in a similar manner as the
substrate 50 or 50’ using a solder mounting method or a adhesive bonding method.
For the soldering method solder 74 is located at each corner of the opening 60 in
alignment with the mounting tabs 94. The substrate 50" is heated while in contact
with the solder, liquefying the solder and causing the substrate 50" to attach to the PC
board at the mounting tabs 94.

According to a preferred embodiment the IC 42 is mounted using
thermal mounting tape 65 so as to provide co-planar intimate thermal contact between
the IC 42 and substrate 50 via the adhesive material. Alternatively, the IC 42 is
mounted to the substrate 50 using conventional surface mounting or other techniques.
The substrate 50 has an upper surface 64 area which is at least as large as the surface
area of an undersurface 82 of the IC 42. Preferably, the substrate upper surface 64
area is greater than that of the IC undersurface 82. The larger area is preferable for
maximizing heat conductivity away from the IC 42.

In one embodiment a heat sink 90 is mounted to the substrate 50,/50'
/50". The substrate has threaded openings for receiving screws 96 which hold the heat
sink to the substrate. The heat sink 90 extends over a larger area than the substrate.

In some embodiments the heat sink 90 also is held to the undersurface 70 of the PC
board 52. As a resuit much of heat conducted through the substrate 50 to the

undersurface 70 is absorbed by the heat sink 90 instead of travelling to other ICs in
the vicinity of IC 42. In an alternative embodiment, the heat sink is mounted to the

PC board 52 and held in physical contact with the substrate 50.



Fig. 2 is a cross-sectional view of the PC board, integrated circuit and

heat sink of Fig. 1; Fig. 3 is partial view of an undersurface
of the PC board of Fig. 1;
5 Fig. 4 is a cross-sectional view of a PC board,

integrated circuit and two-piece heat sinkigonfigured to inplement a heat
transfer nmethod between the integrated circuit and heat sink according to

an enbodi ment WM Fig. 5 is an exploded
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enbodi nent of this .inyention; and
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to the substrate there is no direct heat conduction from the IC 42 into the PC board 52.

Because the substrate does not make physical contact with the sidewalls of the PC
board opening 60, there is little heat conduction into the PC board 52 via the substrate.
Because the heat sink 90 is held in thermal contact with the undersurface 70 of the PC
board, the only part of the PC board receiving heat via conduction from the substrate
is in thermal contact with the heat sink 90. By mounting the IC 42 to the substrate,
one conventional heat transfer path from IC to PC board is eliminated. By defining an
air gap 80 between the substrate 50 and the PC board 52 layers 54, 58 other potential
heat transfer paths are avoided.

One advantage of the invention is that heat conductivity between a
given integrated circuit, such as a high speed microprocessor, and neighboring
circuits is reduced. Another advantage is that an effective heat transfer path is
established between a given integrated circuit and a heat sink. Another advantage is
that an effective thermal contact is established between a given integrated circuit and
the substrate. Another advantage is that only an awkward thermal transfer path
occurs between the heat transfer substrate and the PC board.

Another advantage of the invention is that the substrate 50/50'/50" can
be mounted directly to the PCB by a simple soldering (e.g., substrate 50/50") or
bonding (substrate 50/50'/50") process. In comparison to the screwed on heat
structure of Fig. 4, the soldering and bonding processes prevent movement relative to
the PC board. This protects the inner and outer leads 20, 22 of the polyamide
structure 18 from undergoing motion stress. Additional fasteners to hold the IC in
place are not needed.

Although a preferred embodiment of the invention has been illustrated
and described, various alternatives, modifications and equivalents may be used.
Therefore, the foregoing description should not be taken as limiting the scope of the

inventions which are defined by the appended claims.
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2. The method of claim 1, in which the step of mounting comprises the steps
of:

inserting the substrate into the PC board through-opening, the inserted substrate
having a second surface area (62) extending along an exteral surface of the PC board adjacent to
the opening, wherein solder (74) is located between said substrate second surface area and said PC
board external surface; and

heating the substrate to liquify the solder and attach the substrate to the PC board.

3. The method of claim 1, in which the step of mounting comprises the steps
of:

inserting the substrate into the PC board through-opening; and

adhering the substrate to walls defining the through-opening.

4. The method of claim 1, in which there is an air gap (80) between the
substrate and a wall of the PC board defining the through-opening.

5. An apparatus for conducting heat away from an integrated circuit (42), the
integrated circuit defining an underlying surface area (82), the apparatus comprising:

a PC board (52) defining a through-opening (60) having a first area over a
thickness of the PC board;

a heat conductive substrate (50) permanently mounted within the through-opening,
the heat conductive substrate having a first surface (64) with an area at least as large as the
integrated circuit underlying surface area;

wherein the integrated circuit is fixed into thermal contact with the heat conductive
substrate first surface at the integrated circuit's underlying surface area.
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The PC board includes nmultiple |layers 24 for
def m, “ tﬂgﬂath traces for interconnecting the m croprocessor 12
and circuits nmounted to the PC board 14. The PC board 14

i ncl udes rrultlple Vias 26 in the area where the
6 mcroprocessor is nmounted (see Fig. 3),, The vias 26 are shown at an
exaggerated diameter for purposes of |IIustrat|on A typical vias has a

di anet er of apprOX| mat el(ﬁkﬁm mls (0,014 inches). Al though an array 29 of
onl'y 4x4 vias 26 afe shdWhaPRAANSA{CIaMAr inwhistethe S%hsgatamome%%&oafvmfeéace
under | yi r(g())aofmnwrr@basmasjmmmmidaahmugﬁagmnﬁmn) exiefindscdhutdnt irvg &eéndiiy each

i de. Th r 1.l . Ei . i seryve
25 heat | TPRHER PR Be GBS cpehRE fortinstle bl ARGk ey il B P REH 2
of the PChigkressitomininnize thermal gpromupitatidndetvess trgubstpisi aad thoFC beandt i ng

7. The apparatus of claim 5, in which the heat conductive substrate (50') first
surface (64) has an area less than the first area (60), wherein the heat conductive substrate has a
second surface (66) opposite the first surface with an area less than the first area, and wherein the
substrate is spaced apart from the PC board by a thermally insulating adhesive (92).

8. The apparatus of claim 5, further comprising a heat sink (90) removably
mounted into thermal contact with the substrate without forming direct thermal contact between the
heat sink and the PC board.
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screws 34 are used to hold the heat sink 30 to the PC board 14. Heat is
conducted away fromthe m croprocessor 12 along the copper walls 28 to the
heat sink 30. Such copper walls 28, however, also are in intimate thermnal
contact with the PC board |ayers 24. Conductive signal paths forned within
the PC board | ayers 24 also are fornmed of copper or another effective heat
conductor. Accordingly, there also are heat transfer paths conducting the

m croprocessor heat toward other integrdatied circuits in the vicinity of the
m croprocessor. This is undesirable because these other integrated circuits
typically are not as tolerant of increased operating tenperatures as the

m cr oprocessor, and/or do not have heat sinks in proxinate thernal

comuni cat i on. Heat_Di;ssi pation Structure Enbodi nents Fig. 4 shows
a heat dissipation strugfure 35 for transferring heat@efpay from a high
speed m croprocessor egrated circuit 12 according tolene enbodi nent of
the invention. A heat 30" having two sections 31 % sandw ches the

m croprocessor 12 to gr fer heat away fromthe mcr gcessor 12. A | ower
section 31 is in ther acontact with a | ower surface ol 2t he

m croprocesgor, while an upper section 33 is in t her i@ @ont act with an
upper surfacCeyof the m croprocessor. The PC board 14 for the m croprocessor
12 has an ope ng, intdjlWijlch fa~pertion 37 of a heat sink section 31
extends. The heaty kK pqttyign 37 fill |s the opening 36. The n&&Lppngessor
12 is mounted to thejl owgt} ndat {sinlq section 31 via thernal puntii ng {t ape.
The heat sink
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upper section 33 includes | egs 38. The upper section 33 is fastened to the
heat sink |ower section 31 via nounting screws 34 extending through the PC
board 14 into the | egs 38.

7 To assenble the structure 35, the microprocessor 12 is
nounted to the PC board 14 via a polyam de structure with | eads 22. Next,
thermal mounting tape is applied and t4é& | ower section 31 of the heat sink
30" is inserted into contact with the mcroprocessor 12 via the contact
tape. Lastly, the upper section 33 is applied and fastened to the | ower
section 33. Figs. 5 and 6 show a heat dissipation
configuration 40 for conducti ng , at-ed.circuit ("IC")
42 in anot her enbodi ment of t is a m chQprocessor
or other heat generating |IC/ Shown is an

F1G, 3
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| C 42 having protrudi ng tape automated bonding ("TAB') contacts 44. |GCs
havi ng other |ead configurations or special package enclosures also are
enconpassed by the heat dissipation scheme of this invention. A polyan de
structure 18 maps contact connections between the m croprocessor 42 and PC
board traces. The pol yam de structure 18 includes inner |eads 20
conpression nounted to the nlcroprocegf contacts 44 and outer |eads 22
sol dered to the PC board traces. The pol'yam de structure 18 has interna
circuit paths which are mapped to provide desired path connections between
a given inner lead 20 (and thus a desired m croprocessor contact 44) and a
given outer lead 22 (and thus a desired PC board trace). An encapsul ant 45
is applied to the microprocessor 12 at a surface adjacent to the pol yam de
structure 18. The 1C 42 is nounted at its undersurface 82 to
a heat conductive substrate 50 via thermal nounting tape 65.@&@ a preferred
enbodi nent the substrate 50 is nade of copper or silver. The S@gbstrate 50
is nounted to a nulti-layer printed circuit ("PC') board 52. PC board

i ncl udes an upper |ayer 54, a bottomlayer 56 and one or nor termedi ary
| ayers 58. Typically each |ayer 54-58 is an electrically insgrative |ayer
with various electrically-conductfi ve] si gnal paths forned thetéﬁn. Thre~RC
board 52 defines an of¢ni ng 60 edtengding all the way through the board. The
substrate & is nnunteq\gr ot her i sef attached to the Pg board 52 tofextend
into the opéhﬁpg 60 preferred gnbodi nent the sub ate 50 defined a
lip portion 62*al ngl

d

eri pheny. [The |ip portion 62 ex\ends_.arquhd tihe
peri neter of the syb tg . The, subst e 50 has an upper \gburfdce 64, an
under surface nd &{$ gé‘perig%t
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68. To install the substrate 50 the substrate upper surface 64 is inserted
at the undersurface 70 of the PC board 52 through the opening 60. The
substrat e upper 8 surface
64 extends to be flush with an upper surface 72 of the PC board. As shown
in Fig. 5 solder 74 is located at the PC board 52 under surface 70 al ong
t he periphery of the opening 60. The subsé#féte |lip 62 is pressed to the
sol der 74. The substrate 50 then is heated to a tenperature that liquifies
the solder 74. The solder 74 thenggools whileghhe lip 624,s held to the PC
board 52. This permanently affixes the substrate 50 withyn the PC board

openi ng 60. t Yve _enbodi nents. For
exanple an a pat~conductivity is u in alternative

enbodi nment . e bl ary enbodi-gEnt Fa ml| thijck PC
board 52, the — T

FIG.7




substrate 50 is 60 mls thick. The lip 62 extends a thickness of 20 mls,
whil e the remai nder of each sidewall extends another 40 mls. The opening
60 has a square shape extending 1.27 cm along each | ength. The substrate 50
correspondi ngly has a square shape. The portion of the substrate fitting

wi thin the opening extends approximately 1.25 cm al ong each | ength. The
portion of yRrSeBNDGE VR E0RS RADIIOTED 'R B ARIPHGLE FOR
approxi mat €Ty L s s ; he
preferred enmbodi men RANSERS e d >i RONWIG Q)R A t\&lcal contact

wi th the undersurface 70 of the PC board 52. As shown in Fig. 3 there is an

air gap 80 between the su e he opening 60. In one
enbodi ment the air gap extghgihﬁéfpfgpgyhg.Dﬁﬁtgéiﬂﬁﬁsubstrate 50 is not
in physical contach heatichnduativd supgirage (52) is Buafed whdirRChimigh @p&inp(G0ef 4 han
the unde Arﬁ&?& cfléﬁ board (52) An mte%ratbcg 'c::iraxét (Z,%)Stﬂgrgﬁ n?dﬁnéhtt@{iﬁpsrldev(& cgpnt

for a het conducti ve

porti on &» B‘tu‘@tﬁﬁ@ﬁﬁ‘&t%‘ wheﬁhgnla(%tsﬁ‘a@ii whgttmésqn&%mebe Othgr%q@é)tczf ﬂtﬂhe PC

_brﬁar d Sﬁswbgtea:é Etigt@ls donﬁxutl:tahérﬁ@l daatei mwmttm;] 1Gdnd%%e PC ewdj e ﬂb@tﬁne 8. .
us, the n ri.a e thint ing a

or 5 por EOSEElS PhlBkiFlegs (1 of e PERE cblefirk A FBR Aty B3 1C b0

al t er nat w@nahwmnma@%)dmazwltsm;ms hgwm tho gubfstate tamtths iMoshoasd @ﬂmmr

Figs. 5 in-to Sibs@X B4R Bike MR RbhdikiiAg ih® the PObYataEt hane el astoner, such
as RP 6403-1 resin and hardener (REN.C'O- THANE [err]) from G ba- GE|gy

Corporation's Fornmul ated Materials Goup in East Lansing, M chigan.
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A" o~
9 alternative and/or an additional nounting nethod fcb’ﬁ'ﬁ@@éﬁ thc\te 50 of
Figs. 5 and 6. An exenplary material 92 is a pol yurethane el such
as RP 6403-1 resin and hardener (REN:. C. O THAl from G ba:
Corporation's Fornul ated Materials Group in gi&t{s)t'l_ %?thgﬁ\ﬂgiﬁ’%?’
Fig. 8 shows another alternative enmbodinent for a heat conductlve Substrate

of the lip [

manner as the subst AsxsN3DL & ROk o Und YIS
adhesi ve bondi ng net hod. For t he sol der| ng met hod sol der 74 is |ocated at

Substrate 50° is heared wiPSTRAGCH PETRE BiSCLbSEREP M 10 tabs 94, The

A heat conductive substrate (50) is mounted within a through-opening (60) of a
printed circuit board (52). An integrated circuit (42) then is mounted to one side (64) of the heat
conductive substrate, while a heat sink (90) is fixed in thermal contact to the other side (66) of the
substrate. There is no direct thermal contact between the IC and the PC board. The substrate is
mounted to an undersurface (70) of the PC board and concentrically spaced from the PC board
within the opening (60). An air gap (80) occurs between the substrate and the PC board within the
opening to substantially reduce heat conductivity into the PC board.

(Figure 4)
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with the solder, liquefying the solder and causing the su&ﬁs}D@géi'ég" to
attach to the PC board at the nounting tabs 94. - ﬁﬁ ording to
a preferred enbodiment the IC 42 is nounted using thermal nountiihg?tape 65
so as to provide co-planar intimate thernmal Stbstititte sheeleddatiyanc2920and
substrate 50 via the adhesive material. Alternatively, the 1C 42 is nounted
to the substrate 50 using conventional surface nounting or other

techni ques. The substrate 50 has an upper surface 64 area which is at |east
as large as the surface area of an undersurface 82 of the |IC 42.

Pref er abl y, Acherdinglys theteds appegoisg néatfor Seansferng eatavenyt fomtthan t hat of the

| C undersurfgce 82. The l,.arger. area js preferable for maxim zi ng heat
conduct i vi t PUSRRRIPCEF R Yithout ¢n ygcatmg nclg%bonng COpRORgRES aé’rﬁib%’@il‘ﬁgnt a heat
sink 90 is : : &Qﬁ te 50,/50" /50". The substrate has

t hr eaded opgﬁ#ﬁgﬁg@é%érggeg?vi %&gcrews 96 which hold the heat sink to the

substrate. The heatodienliof) hexitemefer eetiiodudentoiertinedviahana PUbdrubsl r at e.
In sone enbodi nents the heat sink 90 also is held to the undersurface 70 of

t he PC boar tagsfer heat fromethe|micrapedeessor fie aheelsink CEenper isragagd condustonefi r at e
50 to the upd face 70 is_absorbed. by the,heat si.nk 9Q, i f
I A AR T s Lt ey
enbodi ment , pidReR e §erﬁf5mh§ssapmt:s£'§%ﬂ;& healPGr bRaksk. 22 nandidaldichily is

physi cal contact wth the substrate
mounted to the underside of the PC board. Heat from the microprocessor then is

conducted along the copper walls away from the microprocessor to the heat sink. A
shorteoming of such approach is that heat conducted along the copper walls of the
vias travels, not only to the heat sink, but also into the several copper layers of the PC
board. The PC board typically includes a plurality of copper layers for electrically
interconnecting the multiple IC chips on the PC bnard. Such copper layers border the
via at the copper lining. Thus, undesirably effective heat transfer paths also ocour
between the microprocessor and nearby devices.

Another shortcoming of conventional heat transfer solutions relates to
the microprocessor surface mounting process. To enhance thermal conductivity
between a microprocessor and the PC board vias, the region where the microprocessor
is to be placed typically is covered with solder. During the surface mounting process,
the solder becomes liquid. Then, when resolidifying, the solder defines a heat
conductive bridge from microprocessor to PC board. Unfortunately the solder
mounds up in areas resulting in a very uneven surface. The non-planar solder
interface between microprocessor and PC board reduces the thermal transfer
effectiveness of the bridge. Accordingly, there is need for a more effective chip

mounting technique, and a more effective thermal contact.
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WHAT CLAIMED IS 1. A nethod for formng a heat transfer path

bet ween an iwte (42) and a heat sink (90), conprising the
: ﬂ%&ﬁMﬂ@ﬂ lEﬁeat conducti ve substrate 5 i t hi

st eps of:

circuit into} thegmplg E@@ﬁ&ct With a first surface area (64) of the

substr at e,

thejintegrated cifrquit having an underlying surface area (82),

t hin
t hr ough- openj nF (60) of a P¢ Qoard (52);  Substitpigs J%E&i&&@é)lm

t he substratg ktrst—surface ariea beingzat |east as large as the integrated
circuit undetlying surface ar mounting a heat sink (90) into

thermal cont ATTWTH the substrate without formi ng direct thernal

cont act

bet ween 1 hgrRAZARS BiF RE NVEPFdIPar

10

15

20

23

30

In accordance with the present invention, there is provided a method for forming a
heat transfer path between an integrated circuit and a heat siok, comprising the steps of:

mounting a heat conductive substrate within a through-opening of a PC board;

fixing the integrated circuit into thermal contact with a first surface area of the
substrate, the integrated circuit having an underlying surface area, the substrate first surface
area being at least as large as the integrated circuit underlying surface area;

mounting a heat sink into thermal contact with the substrate without forming direct
thermal contact between the heat sink and the PC board;

wherein the step of mounting comprises the steps of:

jnserting the substrate into the PC board through-opening, the inserted
substrate having a second surface area extending along an external suxface of the PC board
adjacent to the opening, wherein solder is located between said substrate second surface area
and said PC board external surface; and
heating the substrate to liquefy the solder and attach the substrate to the PC

board.

In another aspect, there is provided a method for forming a heat transfer path between
an integrated circuit and a heat sink, comprising the steps oft

mounting a heat conductive substrate within a through-opening of a PC board;

fixing the integrated circuit into thermal contact with a first surface area of the
substrate, the integrated circuit baving an underlying surface area, the substrate first surface
area being at least as large as the integrated circuit underlying surface area;

mounting a heat sink into thermal contact with the substrate without forming direct
thermal contact between the heat sink and the PC board, wherein the steps of mounting
comprises the steps of:

inserting the substrate into the PC board through opening; and

adhering the substraie to walls defining the through-opening.

In another aspect, there is provided a apparatus for conducting heat away from an



wherein the

conprises the steps of:
I nserting

H!q t he PC board through-opening, the inserted

t - d o
substrate having a second {surface area (62)_ extending al gng an ext rrhal
surface of | t hegPC pgapegifadj dcent to the opetHlfJituithehesty: ")(.ﬂ%q s
| ocat ed betwken said substjrate second surface area and said PC board
external syrtace—amnmd hegting the substrate to |iquefy the
sol der and%attach the substriate to the PC board. 2. A et hod for
form ng a heat transfer path between an integrated circuit (42) and a heat

sink (90),. comprisin e. st : ; ' n '

Subst 1 at ¢ BB PR &% FUROR: Sie Aeinine R Spidied i ofe s hipfans
fixing thegog @eated circuit into thermal contact with a first surface
area (64) of the substrate, the integrated circuit having an underlying

surface area (82PC bohwl defibinpraaheoughopening bavisg 2 fizat excabyien g thickdesnof thaPC

| arge as the jntegrated circuit underlying surface area; nmounti ng a
heat si nk ﬁ%* into thermal contact with the substrate wi thout formng

Lty e B eSO BN St Rt 1
PC board tdumdugtiveoymbativate hasimg a first surface with an area at least as large as the integrated
circuit underlying surface area;
wherein the integrated circudt is fixed into thermal contact with the heat conductive
substrate first surface at the integrated circuit's underlying surface area and wherein the
10 substrate is mounted to a first surface of the PC board adjacent to the through-opening to
define a contact area extending outward from the through-opening for a first length, said first
length being less than the PC board thickness to minimize thermal communication between
the substrate and the PC board.
In another aspect, there is provided a apparatus for conducting beat away from an
15 integrated circuit, the integrated circuit defining an underlying surface area, the apparatus
comprising:
a PC board defining a through-opening having a first area over a thickness of the PC
board;
a heat conductive substrate permanently mounted within the through-opening, the heat
20 conductive substrate having a first surface with an area at least as large as the integrated
circuit underlying surface area;
wherein the integrated circuit is fixed into thermal contact with the heat conductive
substrate first surface at the integrated circuit's underlying surface area and wherein the heat
conductive substrate first surface bas an area less than the first area, wherein the heat
25 conductive substrate has 3 second surface opposite the first surface with an area less than the
first area, and wherein the substrate is spaced apart from the PC board by a thermally
insulating adhesive.
One advantage of the invention is that heat conductivity between a given integrated
circuit, such as a high speed microprocessor, and neighbouring circuits is reduced. Another
30 advantage is that an effective heat transfer path is established between a given integrated



- 12 - adhering the substrate to walls defining the through-opening. 3.
The nmethod of claiml, in which there is an air gap (80) between the

substrate and a wall of the PC board defining the through-opening. 4.

An apparatus for conducting heat away from %HF@M@&E&M t he
integrated circuit defining an underlying surface area (82), the apparatus
conpri si ng: -4A -

circuit and a heat sink. Another advantage is that an effective thermal contract is established
between a given integrated circuit package and the substrate. Another advantage is that an
awkward thermal transfer path occurs between the heat transfer substrate and the PC board
intermediary layers. These and other aspects and advantages of the invention will be better

5 underxstood by reference to the following detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded cross-sectional view of a PC board, integrated circuit and heat

10 sink configured to implement a conventional heat transfer method between the integrated
circuit and heat sink;

Fig. 2 is a cross-sectional view of the PC board, integrated circuit and heat sink of
Fig. 1;

Fig. 3 is partial view of an undersurface of the PC board of Fig. 1;

REPLACEMENT SHEET
03 FEB 2008




a PC board ‘k(@@;) et g}'ﬁrough-openi ng (60) having a first area over a
t hi ckness of 'I- ' a heat conductive substrate (50)

per manent | y| utﬂdmyyi t.hi n t he t hr ough- openi ng,. the heat duct i
subst r at e hﬁ) ng “a ‘fi' 555" rflace (64) wi ¢ hSupShinug sheet o3 dieht .g?ﬂaﬁégoas t he
Integrated ¢ifcuit under] yilng surface area; wherein the integrated
circuit is fixed into thermal{ contact{pith the heat conductive substrate

first surface-at—the-ntegrated circuit's underlying

wherein the substrate is nounted to a first surface dwiiaaﬁlmﬂmgﬂard
adj acent tngthe ning (60) to define a cont carea extenal ng
outward f =OpPening for a first length, said first length
being |l ess than the PC board thickness to mnimze thermal comunication
bet ween the substrate and the PC board. 5. An apparatus for conducting
heat away If r omAameithuidefpr doreuing iarbeat tragsfe?)patht betwicen ag ingegrdted icirouit (42} ng
an underlying,surface area (82), the apparatus conprising: a PC

boar d (52%156‘#%{393 TR géfﬁé"ﬁPﬁg (60) having a first area over a

t hi ck ft ; : : ; .
per manent 1 v rodat B-G8 RR Sy BRSSO AR ) RaR RN TP G bound

substrate (§2xing a first surface (64) with an area at |east as large as the
integrated circuiit underlying surface, area; wherein the i r(lé4 gr?}ged

circuit is fixdlkinhis iplegras ciryiiai thamal comact v a Sasiurpes aca
substrate, the integrated circuit having an underlying surface area (82), the substrate first

surface area being at least as large as the integrated circuit underlying surface é.rea;

mounting a beat sink (50) into thermal contact with the substrate without forming
direct thermal contact between the heat sink and the PC board;

wherein the step of mounting comprises the steps of:

inserting the substrate into the PC board through-opening, the inserted

substrate having 2 second surface area (62) extending along an external surface of the PC
board adjacent to the opening, wherein solder (74) is located between said substrate second
surface area and said PC board external surface; and

heating the substrate to liquefy the solder and attach the substrate to the PC
board.

2. A method for forming a heat trapsfer path between an integrated circuit (42) and a
heat sink (90), comprising the steps of:

mounting 2 heat conductive substrate (50) within a through-opening (60) of a PC board
(52);

fixing the integrated circuit into thermal contact with a first surface area (64) of the
substrate, the integrated circuit having an underlying surface area (82), the substrate first
surface area being at least as large as the integrated circuit underlying surface area;

mounting a heat sink (90) into thermal contact with the substrate without forming
direct thermal contact between the heat sink and the PC board, wherein the step of mounting
comprises the steps of:

inserting the substrate into the PC board through-opening; and



substrate first surface at the integrated circuit's underlying surface area

TEB the heat conductive substrate (50') first surface (64) has an
areal l’ 1' st area (60), wherein the heam‘ rate
has imiw Q I 66) opposite the fi rwm ¥ 2 86
- 13 - |l ess than the first area, and wherein the substrate is spaced
apart fromthe PC board by a thermally, insulating adhem
The appar at us of claimb5, further conprising a heat di' ik \wmwﬁug .Ir
nounted into
. , : 03 FEB 2000
adhering the substrate to walls defining the through-opening.

3. The mcthoq of claim 1, in which there is an air gap (80) between the substrate and a
wall of the PC board defining the through-opening.

4, An apparatys for conducting heat away from an integrated circuit (42), the integrated
circuit defining an underlying surface area (82), the apparatus comprising:

a PC board (52) defining a through-opening (60) baving a first area over a thickness
of the PC board;

a heat conductive substrate (50) permanently mounted within the through-opening, the
heat conductive substrate having a first surface (64) with an area at least as large as the
integrated circuit underlying surface area; |

wherein the integrated circuit is fixed into thermal contact with the heat conductive
substrate first surface at the integrated circuit's wnderlying surface area and wherein the
substrate is mounted to 2 first surface (70) of the PC board adjacent to the throngh-opening
(60) to define a contact area extending outward from the through-opening for a first length,

said first length being less than the PC board thickness to minimize thermal communication
between the substrate and the PC board.

5. An apparatus for conducting heat away from an integrated circuit (42), the integrated
circuit definiog an underlying surface area (82), the apparatus comptising:

a PC board (52) defining a through-opening (60) having a fixst area over a thickness
of the PC board;

a heat conductive substrate (50) permanently mounted within the through-opening, the
heat conductive substrate having a first surface (64) with an area at Jeast as large as the
integrated circuit underlying surface area;

wherein the integrated circuit is fixed into thermal contact with the heat conductive
substrate first surface at the integrated circuit's underlying surface area and wherein, the heat
conductive substrate (50") first surface (64) has an area less than the ficst area (60), wherein
the heat conduetive substrate has a second surface (66) opposite the first surface with an area



thermal contact with the substrate without formng direct thermal contact

bet ween %ﬂ \)rm |“!\ gmg t he PC board. 7. The apparatus of claim6,
furtherc) B‘ Mﬂ nd heat sink posiiipned on,an o i ng S of the
PC boar an the®fi pst* heat sink, the secéﬂgs%@é@ﬁgﬁﬁk%@ﬁﬁ%e

overlying surface area of the integrated circuit and attached to the first
heat si nk. i

less than the first area, and wherein the substrate is spaced apast from the PC board by a
thermally insulating adhesive (92).

6. The apparatus of claim 5, further comprising a heat sink (90) removably mounted into
thermal contact with the substrate without forming direct thermal contact between the heat
sink and the PC board.

7. The apparatus of claim 6, further comptising a second heat sink positioned on an
opposing side of the PC board than the first heat sink, the second heat sink mounted to the
overlying surface area of the integrated circuit and attached to the first heat sink.




