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i nvention relates generally to a substrate for dissipating heat frontan
integrated circuit device, and nore partidularly, to a methed)for nount i ng
such a substrate to a PC board. As integrated circuits ("ICs"), and in
particul ar, mcroprocessors are designed to run at increasing speeds, such
circuits consune nore power and generate 10 nore heat. Such heat needs to
be dissipated to nmaintain the integrated circuit and nearby circuits within
rated operating tenperature ranges. Conventionally, this is done by
coupling the 1C s to heat sinks and blowng air using cooling fans. In
addition, sone faster m croprocessor chips, such as sone Pentium
m croprocessor nodels, have increased maxi numtenperature tolerances to 95
C. Al though such chips can 15 wi t hstand increased and rel atively high
operating tenperatures, neighboring I1C s can not. The nei ghboring chips are
often limted to conventional nmaxi num operating tenperatures of
approximately 70[err]C. Wth the m croprocessor in close proximty to these
| ess tol erant conponents, sonme of the mcroprocessors heat tends to fl ow
into the printed circuit ("PC') board and to such conponents. O concern is
t he overheating of 20 t he surroundi ng conponents. To avoid danage to the
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wal I s of the vi s_. A heat s prcally 1Is unted to (he ynderside
of the PC boar Q‘qfflﬁﬁttnﬁ@a?’r?%m? guehciieuits consume more power and generate

10  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

15  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

20  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. [t also means, however, that the
customer's product is not operating as fast as expected. Accordingly, there is an

25  ongoing need for transferring heat away from the microprocessor without unduly
heating neighboring components and without compromising processor speed.



then is conducted al ong the copper walls away fromthe m croprocessor to
the heat sink. A shortcom ng of such approach is that heat conducted al ong
the copper walls of the vias travels, not _only to the heat sink, but also
into the several copper |ayers of the PC Board. The PC board typically

i ncludes a plurality of copper |layers for electrically 10 I nt erconnecti ng
the multiple I1C chips on the PC board. Such copper |ayers border the via at
the copper lining. Thus, undesirably effective heat transfer paths also
occur between the mcroprocessor and nearby devices. Another shortcom ng of
conventional heat transfer solutions relates to the m croprocessor surface
nmounti ng process. To enhance thernmal conductivity 15 bet ween a
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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

20 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

25 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
contact to the other side. In particular the integrated circuit is not mounted into thermal
contact with the PC board. With no direct thermal contact between the IC and the PC

30  board one thermal transfer path between the IC and neighboring circuits is eliminated.

According to one aspect of the invention, the heat conductive substrate

includes a first portion having a first thickness which is approximately the same
thickness as the PC board to which the substrate is to be mounted. In addition the
substrate includes a plurality of second portions spaced along the periphery of the



t he second thickness and other portions at the first thickness. According
to anot her aspect of this invention, the PC board has a 5

t hr ough- openi ng of approxi mately the sane shape as the periphery of the
substrate. The through-opening, however, Bas an area slightly larger than
the area of substrate. The substrate does not touch the printed circuit
board when initially positioned in the through-opening. Mre particularly,
there is a gap between the substrate and the PC board. 10

According to another aspect of the invention, the substrate is nmounted to
the PC board by applying a controlled pressure to normal surfaces of the
second portions of the substrate. Such pressure displaces the material in

the second port gRfatel Easf RS tﬁ@wesﬁdﬁporﬁg.g, ﬂa@h%ﬁéb%ﬁ%ﬂé?ﬁg@ hBdiHene

area of the sec&g& portions. In a preferred enbodl nent second portions
are conpressed 5 %féhﬁa""ishmﬂ%s'gh% theypsriphery of thesubsigte inglydesiportipas at
substrate. Suchthessmndbickiessamidthergortidit atthe firstahickiesé.he second portions
into the gap between the 8cs d Egrtgé_gns antj?‘(t e .PC oagg ﬂajnd i,nt 0_cont act
with the PC board. In eff&¢t° apQihier agpect of tus dnvinfon, ihe P heardbasa, 2 e
across the §ap thoughedpening of approxiatately thetsame Fli2pe@a the. peNpbery ofi the substitatec t

bet ween the sub ?’ﬂﬂ" N | ' ONad rq of
the substrate o?lhflagﬁu E@gbn ggt’%ﬁi%bﬁﬁﬁgrﬁgnot @f(ﬁ%ﬁﬁ%é{ P{rﬂgsgﬁ fe-
portion. Once t'IHB"'%@?‘FQP@ﬂ%@“@gﬂ@d’ﬁn@mf&@é!’@ﬁmﬂi@“ﬁwwwown&ﬁ ween

the heat conducthrdigghseRaingaMors particliarly alere $s £fap betwen thoAbraY ahd iINPCe
except for the ﬁga(.:r?nd regions of the substrate. According to anot her aspect

of the inventioh, the electrically conductive |layers of the PC board are
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with the PC board. In effect, the areas of the second portions has expanded across the

gap to lock the substrate to the PC board. Note that contact between the substrate and

PC board is established along the periphery of the substrate only at the second portions

20  and not at the first portion. Once the substrate is locked in place, there is an air gap
between the heat conductive substrate and the layers of the PC board everywhere except
for the second regions of the substrate.
According to another aspect of the invention, the electrically conductive
layers of the PC board are isolated from the portions of the PC board through-opening
25  which receives the substrate second portions. In a preferred embodiment, the
electrically conductive layers of the PC board are isolated from the entire through-
opening. The walls of the through-opening are thermally insulated.

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
30  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.



4 One advantage of the invention is that heat conductivity between a given
Integrated circuit, such as a high speed m croprocessor, and nei ghbori ng
circuits is reduced. Another advantage is_ that an effective heat transfer
path is established between a given integﬁated circuit and a heat sink.
Anot her advantage is that an effective thermal 5 contact is established
between a given integrated circuit package and the substrate. An advant age
of the mounting nethod is the rapidness and ease for nounting the
substrate. The pressing of the second portions is quickly and effectively
| npl emented as automated installation process, conpared to a sl ower

sol der-nmounti ng process. Further the avoi dance of sol der-nounting avoids
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is an exploded cross-sectional view of a PC board, integrated

20  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;

25 Fig. 4 is a cross-sectional view of a PC board, integrated circuit and
two-piece heat sink configured to implement another conventional heat transfer method
between the integrated circuit and heat sink;

Fig. 5 is an exploded partial view of a PC board, integrated circuit, heat
conductive substrate and heat sink configured to implement heat transfer according to an

30 embodiment of this invention;
Fig. 6 is a planar view of the heat conductive substrate and a portion of
the PC board of Fig. 5 prior to installation;
Fig. 7 is a planar view of the heat conductive substrate and a portion of
the PC board of Fig. 5 after installation; and



5 Fig. 8 is a cross-sectional view of the PC board, integrated circuit,

heat conductive substrate and heat sink of Fig. 5 as assenbl ed. DESCRI PTI ON
OF SPECI FI C EMBODI MENTS 5 Figs. 1 and 2 show a conventi ona
heat di ssipation structure 10 for transfeﬁrlng heat away from a hi gh speed
m croprocessor integrated circuit 12. The m croprocessor 12 is nounted to a
multi-layer PC board 14, typically by thermal nounting tape 15, or by

anot her surface nounting techni que. The m croprocessor includes contacts 16
for enabling electrical interfacing to other integrated circuits, 10
devices and signal paths. Typically a polyam de structure 18 maps cont act
connections between the m croprocessor 12 and PC board traces. The

pol yani de structure 18 i nd?xgl(ms aicmie-&edneﬁﬁa'laﬁoﬁﬂmmkmﬁntﬁgu&gegcmqéx&le
m croprocessor r ed to the PC boar
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mapped to provide deS|red path connections between a given 15 I nner | ead
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extends 0.5 |nche n eac &ﬁ The vi as have 3{1;@5 I|ned wal | s ig@%fe
Figs. 1 and 2) m Eeaig compressionmoyntedin W%Pmﬁs*iﬁ’éﬁ?m@% i s
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board 14. Heat is co e mcro cessor
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Conducti ve si naI aths forped within the PC rd |l ayers 24 "al so are
formed of g cx% processor 12 at a surface adjacent to the po yam e cture

The PC board includes multiple layers 24 for defining PC signal path

traces for interconnecting the microprocessor 12 and other integrated circuits mounted

20  tothe PC board 14. The PC board 14 includes multiple vias 26 in the area where the
microprocessor is mounted (see Fig. 3). The vias 26 are shown at an exaggerated
diameter for purposes of illustration. A typical via has a diameter of approximately 14
mils (0.014 inches). Although an array 29 of only 4x4 vias 26 are shown,
conventionally there are approximately 100 underlying a microprocessor undersurface

25 that extends 0.5 inches on each side. The vias have copper lined walls 28 (se Figs. 1
and 2) which serve as heat transfer conductors. A heat sink 30 is held to an
undersurface 32 of the PC board 14 in the region of the vias 26. Typically, mounting
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

30 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



copper or another effective heat conductor. Accordingly, there also are
heat transfer paths conducting the m croprocessor heat toward ot her
integrated circuits in the vicinity of the mcroprocessor. This is

undesi rabl e because these other integrate® circuits 6 typically are not
as tolerant of increased operating tenperatures as the m croprocessor,

and/ or do not have heat sinks in proximate thermal communication. Fig. 4
shows anot her conventional heat dissipation structure 35 for transferring
heat away from a high speed m croprocessor integrated circuit 12. A heat 5
sink 30" having two sections 31, 33 sandw ches the m croprocessor 12 to
transfer heat away fromthe m croprocessor 12. A lower section 31 is in
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Enbodi nents Fi gs:; ow a I'SsIpation configuration 4
conduct i ng micraprocessor 12 via the contact tape. Lastly, the upper section 33 is applied and

fastened to the lower section 33. A disadvantage of this heat transfer structure 35 and
assembly method is that the microprocessor 12 is mounted to the heat sink. Thus, the

20 heat sink 30' has to be installed contemporaneously with the microprocessor 12.
Otherwise the microprocessor is left unsupported over the opening 36 in the PC board.
Such a position leaves the microprocessor 12 vulnerable to damage in response to any
sudden jarring motions. As a result, the heat sink 30' is installed when the
microprocessor 12 is installed. The bulkiness of the heat sink 30' however makes

25  mounting other components on the PC board more difficult.

Heat Dissipation Structure Embodiments
Figs. 5 and 6 show a heat dissipation configuration 40 for conducting

heat away from an integrated circuit ("IC") 42 according to an embodiment of this

30 invention. The IC 42 is a microprocessor or other heat generating IC. ShownisanIC
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



heat away froman integrated circuit ("1C') 42 according to an enbodi nent
of this 30 I nvention. The IC 42 is a m croprocessor or other heat
generatlng I C. Shown is an I C 42 having protrudi ng tape automated bondi ng
("TAB") contacts 44. |Cs having other | ead configurations or speci al
package encl osures al so are enconpassed by the heat dissipation schene of
this invention. A polyam de structure 18 nmaps contact connections between
the m croprocessor 42 and PC board traces. The pol yam de 7 structure 18
i ncludes inner |eads 20 conpression nmounted to the m croprocessor contacts
44 and outer |eads 22 soldered to the PC board traces. The pol yam de
structure 18 has internal circuit paths which are nmapped to provide desired

pat h connectuornmbmtmmcmd&ﬁiﬁéneﬁa%cb RipeesdiBn (Rydeteti o/ theanid@p l'd’ceéi'or

m croprocessor contac ead 2
desired PC boar®™ %md’gﬂmé}%g%%izoiﬁe%@%g%%ﬁd 2“?7 gX rocessor
12 at a surfac eshadqum:EB\hasuntcmhbcmmitpaM akéhicht arel ntappesd tﬂ:@rodeaedelsﬁbdd{&tln S

ted at it '
Thormal moupt i ronReuon bt fer ey th b8 55 G s KueftibicRrfoaiol Lt
made of copber )agﬁi P&éﬁen w#elegé%&mtbumdwe@ﬁ@m trasel Ay Eadqapsulans A4S is
printed circui tappfled tolth€midrof8adssbra3 at 4 B@fRE a Wgﬂ&rﬂtéﬂ!@'p@ﬂﬁﬁudé%ﬁﬂ@tﬁﬁrlé ayer

a

54, a bottom | ayer 56 an nor e, i.nt er medi jcally
each layer 54-58 is an eﬁgﬁqﬁ%ﬁw’“ﬂ@&%ﬁ? “5%%‘?%3} %@‘

el ectri cal | y- comtstrate SGeviaitigpmahl rpemﬂtmgfuqserﬁﬁd Ihlaqxr&ﬂemd érhleodiferitalry sib§ipate SO
defines an ope I

substrate 50 i 95%8§9£W{]&h Cfgggﬂ%%%y%%ni PR&ngﬂ fed c“écrlﬁtng
60. As sholth i ("PEy.bosrd 3% i The RG bpard dngdludes mnpméaméé,tamt@ns!@wrrﬁﬂand@gea
first portion Qﬁ'rﬁ&!hﬂl&nﬁdfaﬁﬁ&eﬁs&cﬁ?ﬁéﬁl)ﬁégh& B 5488 ista)i eREtrRAGPRSulative

portions 71 having a,second thi.ckness preferred od| t
t hi ckness is eqlﬁiﬂﬂq with Woabﬂmﬁli&r@wu%sém%l@%@ Mg
board 52. The sdxfineslar dpeninipeiextendiigatittRe whip dftolghethé boad. t h| ckness Each
one of the plurality of ons 7 ri phery
of the substrate 50. Thes@&bsélgft%?ﬁég(gﬁ rﬂ%‘g&"éﬁf)wsﬁc i’ﬁ?rflgggo %’5}9‘5‘#113% tE)‘gecond
surface 6615 al cvpgningtdd. sischhowdgmeFighs 3, priordo dhstadjatibrethesubstiater 50 inéludésen first
substrate 50. 4 &9 ¢ %ﬂ'ﬁ.ﬁiﬂ' ﬁgpglqi 4 poth the
first portion 69 and secvl ﬁg ﬁllugég&%d 5 és‘?)ra ggg ?rﬁ ﬁ#%rst
surfaces 64 of 35690 thickness. I%m@’éfed eg}bgdgmqp‘t,gxeéhstrtcha@qsyg equaltper £ j r st
surface 64 of papptdxama®h: eqhhlto iy thicknéss of BRFBoasd! 52.2TRE second thickness is
greater than the first thickness. Each one of the plurality of second portions 71 occurs
20  along the periphery of the substrate 50. The substrate 50 has a first surface 64 and a
second surface 66, along with side edges 67 extending the periphery of the substrate
50. Such first surface 64 and second surface 66 occur at both the first portion 69 and
second portions 71 of the substrate 50. The first surfaces 64 of portions 71, however,
are elevated relative to the first surface 64 of portion 69. Similarly, the second surfaces
25 66 of portions 71 are elevated relative to the second surface 66 of portion 69. The area
of the first surface is equal to the area of the second surface. In addition, the area of the

first surface is less than the area of the through-opening 60.
Fig. 6 shows an exemplary embodiment of the substrate 50 and PC

board 52 with through-opening 60. Prior to installation the substrate 50 fits into and

30  through the through-opening 60 of PC board 52. In particular walls 73 of the PC board
52 define the through-opening 60 to have a contour the same or similar to the peripheral
contour of the substrate 50. Thus, when the substrate S0 is initially placed within the
through-opening 60 there is an air gap 75 between the substrate peripheral edges 67 and
the walls 73 of the through-opening 60. Such air gap occurs along the entire periphery



25 66 of portions 71 are elevated relative to the second surface 66 of
portion 69. The area of the first surface is equal to the area of the
second surface. In addition, the area of the first surface is |less than the
area of the through-opening 60. Fig. 6 shBws an exenpl ary enbodi nent of the
substrate 50 and PC board 52 with through-opening 60. Prior to installation
the substrate 50 fits into and 30 t hrough t he through-opening 60 of PC
board 52. In particular walls 73 of the PC board 52 define the

t hrough- opening 60 to have a contour the sane or simlar to the peripheral
contour of the substrate 50. Thus, when the substrate 50 is initially

pl aced within the through-opening 60 there is an air gap 75 between the
substrat e peri pbthalsubstigteS0dr the d@ntiredepihldf theABroughiopening 66 ubphensmbiodigned0.

Such ail gap oc il Spdoo ol BnBlideCalRRpP AR Midth Halark BeobiiR [d Ahé O f of

the entire dept I ment e alr gap

hr ough- opehi
is 0.01 inches ¢mbedimenish g prefasted embggmqmslwahyna@fdm &lhﬁ@atﬁéoéﬁlﬁ@rman

embodi nents. | nv@uﬁk%?@fétﬂﬂ;u?ﬁ‘bﬁ&hﬁ?m bdth Pri¥ o8 aftbr inkifllfieR ahd AloBnthi} ofS
rough-opening 60 both prior to and after

| ess than t | u f e
installatio an E‘ﬁﬁ ‘of 5 the substrate 50. Wth the substrate 50
situated w thin the throud¥ithothe sabstrate 30 sithated withinrthe throughrapening 60 jthe

D et Pve_secobipsiza it bbby affifing forBOR BERRRSTLE KRG MRold sl 66 of
substrate seconthegesperigiesseqond popiiass f7ilc §P¢fyf0r¢€h‘é sgf&@@nﬁwgﬂ@fqrmdh% sghstatgr essed
reduci ng the or sé&bRdportidns 75 eSpRaitichlly, W& a¥6 pREGEIREIUcin@ iBe drigiha be

the sane or _appro t he sane as the ess 0 theflrs ortion
5. Such padas, peond idkebeal Tl Toeta o e Uiesems o AP HB iy e samd B
rﬁspect i vg ai r gephickngss of the fisstportionlesdiSugh tphesing causes thlelsédoﬁdaoﬁfbnsﬂnd her,
the second portig t .

t hrough- openi ng l%% z’(}lloglcégrﬁgb%fzﬁpet%%gag’gcW&'%r%gﬁm%b%ﬁ%ﬁdg&&gﬁg%n of
the second por t Famher]®e secpad pertions 71 expand into consad withethe wills Yhofethe throwgho t he
t hrough- openi ”gogélnné: Wa%&eﬁb%"iﬁe %@@n@ﬁﬁ?ﬁ&ﬁﬁlﬁ %hleﬁgﬁﬂm'dﬁft& seBénd portions

t hr ough- openlng I.s still an-air gap

75 bet ween 1Phe dhbsyffcientdalnek tesubsicate A b Hedhronhrgpening 0. 7§1ga76mjv
portion of the sw@ﬁﬁnéesoqw@ﬂmbmem& ﬁ mermemﬁdamwsarmoﬁemtmﬁ 67

ot e i L ik 4 WA s TGS Bl A
t hr ough- openi ngpéioniofi thersubstiatr pemiphery. Such periphery portion are the edges 67 of the first
portion 69. With the substrate 50 locked in place, the area and volume of the substrate
20 is less than the area and volume of the through-opening 60. In an alternative
embodiment the substrate 50 first thickness is greater than the thickness of the PC
board. When such substrate is mounted the substrate protrudes from the through-
opening 60 and may have a volume greater than that of the through-opening 60. The
planar area of the through-opening (such plane being the planar area from the
25  orientation of Figs. 6 and 7), however, is larger than the planar area of the first surface

64 or the second surface 66 in each embodiment.

In one embodiment the PC board is formed of layers of insulative
material with conductive lines within one or more of such layers. According to a
preferred embodiment, the conductive lines do not extend to or along the through-

30 opening walls 73. Such walls are formed by a base fiberglass material of the PC board
or another thermally insulative material. An advantage of the electrically insulative
walls 73 is that shorts do not occur between the PC board and the substrate 50. An
advantage of the thermally insulative walls 73 is that PC board components near the



enbodi ment the substrate 50 first thickness is greater than the thickness
of the PC board. Wen such substrate is nounted the substrate protrudes
fromthe through- opening 60 and may have_a vol une greater than that of the
t hr ough- openi ng 60. The pl anar area of thd t hr ough- openi ng (such pl ane
bei ng the planar area fromthe 25 orientation of Figs. 6 and 7),

however, is |larger than the planar area of the first surface 64 or the
second surface 66 in each enbodinent. In one enbodi ment the PC board is
formed of layers of insulative material with conductive lines within one or
nore of such l|ayers. According to a preferred enbodi nent, the conductive

| ines do not extend to or along the through- 30 opening walls 73. Such
wal | s are f or neapkningaleawesignifieangly &mpacial 9y tha hearfflowhfeorR thdoltod2itoche substrdter
thermal ly insul a4 ve nmaterial. An advantage of the electrically insulative
walls 73 is that Shorts do not occur between the PC board and the substrate
50. An advantage of the t Heheptibink S0 ismbunted to thalsubstra® J0xasshewn pdFigo8r th

conmponent s near ghdg i [ L0 Bb &gﬁ%l b Ra& heat
flow fromthe 1C 4§m%>?i;1t§15gﬂ§gg\gﬁr§t%§02%$ tlﬁAédﬁg‘ét sin ngfbi S rrgﬁlgtsgagwtggst he

substrate 50 as "W eiegt sink to|the sbatratery hbes heah sink §E exiepds Qvsr hespme gea
threaded openi n@argétaréthan hesiubstra@ 50C Fesferadly, the heat'dinic 90 kabakell aevah érdin henk

to the substrat T heat si ext end ver the.sane .a_larager,_area

than the substr teb(g%.l %&@%ﬁ@%nﬁﬂ@eﬁg’}@@%‘Sﬁhfags%%éﬁa%vﬁ%ﬁft? g‘r%the

PC board under sunfersusfaee 70 of thediebeandh 52. wikilet beinghspabrshiiron ithgPO board byachor ed

to the undersurf : ; whi | e being spaced fromthe PC
tl?ﬁ%aly ]? H{sgu ag{i?#:a&rtm&r sows).

board by a therma g spacer (not shown). 10 Meritorious and
Advant ageod@ Ef fects The substrate 50 serves as an effective heat transfer

path for conductVétfiofiGiland Maivarts dBffedtd" 42 to a heat sink 90. Because the
1 42 13 mountod Fothe Suistiale KR s mo el S g SR e
substrate, one deatesvayifomatheli€A2 to nhnatisink 90atBechussithd IC 42isP@untealtd thes
oLt o bkl i PRELAGPo s ROUEIR1R 0 iy PO
15 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
20  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.
Although a preferred embodiment of the invention has been illustrated
and described, various alternatives, modifications and equivalents may be used.
25  Therefore, the foregoing description should not be taken as limiting the scope of the
inventions which are defined by the appended claims.



One advantage of the invention is that heat conductivity bet

integrated circuit, such as a high speed m croprocessor, and ailla amm"ml”“l
circuits is 20 reduced. Another advant aﬂg is that an effecti

transfer path is established between a gihen integrated circuit and a heat
si nk. Anot her advantage is that an effective thermal contact is established
between a given integrated circuit and the substrate. Al though a preferred
enbodi ment waiat ect A iign has been illustrated and descri bed, various
alternatives, nodifications and_equival ents ma used. 25 Therefore
the foregoing describti orf* @8 Bﬂ’EPrgQYF“’tfeate&RW §P4¢H?WFﬂ’gfmt‘W§gr§‘66ﬁ'§°‘@f(4@he
I nvent i onsand ldat sinke(S0k fcomprdisidyythe kepssqipended cl ai ns. 10 V\HAT IS CLAI I\/ED
1S 1. A met hod f

circuit (42) and a heat nﬁ%ﬁ%%?p&g’gﬁﬁvgg‘?gﬁ%tfﬁe E‘t‘@g‘; %i@bﬂ(}

a heat conBu®PR@d3Rubstrate (50) within a through- opening (60) of a PC

board (52): fIXI ng tfixng méﬁwgmwmﬁuxtﬁwmemaoﬂt&ewmhﬁmﬁmeémm)émérst

surface argg nt e ted it .h v

under | yi ng su at)éhee létreg]g% Z"%?‘ﬁh{agg'gs?ﬂ &‘?’ ?‘csetar?ﬁ?#)a@g sub ggﬁt SeyTace

| east as Iﬁﬁ@;bﬂl%&atﬂ%aﬁiﬁrwtséheedteg’ﬂiedmmmmelﬂm%wgfamﬁfmw area; and
][muntl ngdt he heﬂ] S'xﬁdﬁm‘nﬁéﬂle‘h?&%ﬁﬁhnt&%hﬁﬂfcoﬁh%tmﬂlm%ﬁﬁgﬁﬁ]ﬁﬂggwghﬁﬂt ,
orm ng di e ac i nk an e oard. 2.
The net hod‘rhgetc thF%“ailnc‘lnm&ﬁeqw ebfeﬁge q@?pﬁ “nounting conprises the
steps of: inserting the substrate into the PC board through-opening,

wherein a gap (75) ofour sHHeaRARY bl Fin MR IneRED Spfest HbBRAR Drihisdfe t he

t hr ough-openi n,. and wherein the substrate has a first portion (69) having a
first thi AL and a second portion (71) having a second thickness, the
second t hi ckness gr daseetingtthasubstate ihiorthé PClboakiniresgh-opedingpphereing @pﬁﬁ'ﬁssur e

to the Sec@&ﬁrsﬁﬁﬁdegﬁte%méﬁttﬁet&%t&te wﬂﬁaﬁtém}on%-o Q Qndowﬁefgelﬁr&l educes

t hi ckness and acr os I nto contact
The met hodSUBpras tmﬁl%@wawés aﬁésttlﬁ%kr@%seaa asecgps poraR (1) baving aeseowe
gap occursthhﬂﬁnmethe Sebmd?tﬁchmsgkeaaoth&hﬁeﬁwnﬂﬁﬂabs adt hi n t he

through-opening al ong,af, &/firldre RS th BREAY p&itioh BEhE YRR Wherein the second

portion reduces thickness and expands across the gap into contact with the PC board.

3. The method of claim 2, in which before the step of applying pressure, the
gap occurs between the PC board and the substrate within the through-opening along an entire
periphery of the substrate.

4. The method of claim 3, in which after the step of applying pressure, the gap
occurs between the PC board and the substrate within the through-opening along less than the
entire periphery of the substrate.

5. The method of claim 1, 2, 3 or 4, in which the through-opening of the PC
board is defined by walls, and wherein the walls of the through-opening which receive physical
contact with the substrate are thermally insulated.

6. The method of claim 1, 2, 3, 4 or 5, wherein after the step of mounting the
substrate has a volume less than a volume of the through-opening.



the gap occurs between the PC board and the substrate within [mllllll
t hr ough- openi ng al ong | ess than the entitﬁ peri phery of the substrate.m 55
The nethod of claim1, 2, 3 or 4, in whi t he t hrough-openi ng of the PC
board is defined by walls, and wherein the walls of the through-opening

whi ch recei ve physical contact with the substrate are thermally insul ated.

6. The nethod of claim1, 2, 3, 4 or 5 wherein after the step of

nounting the substraje h qu e a vo .
t hr ough- openi ng. a7t Eﬁ’ﬁ/f" é’oi ﬁ?‘ fsz %’h%gr?ét h‘gher%xfx allh‘tf]nﬁip,dfo@fm&l, 5
or 6, mheréﬁnutamteha&ml@pﬂ@ﬂmmpfﬂlgmw-@@m%rate has an area | ess

4. . The nethod of claim3, in which after the step of appl mﬂ

than an area of the through-openi ng 8 An appar atus for conducting heat
away froman integrgied circuit i,nt e ed ci.r.cui t.havin

under | yi ng surface drea (APParg tﬁé 5‘“?:‘ ¥r85nr‘?BmW%m && g%
def i ni ng alntdgrmglgirrcmpMnggln(llﬁOérlyufg surfaderasea (82)cthe aprdratusfcompiising| ume; a heat
conductive substrat g #OBJarPG32) &ét‘ﬁﬂm%qat}ﬁ'o (é@r&uﬁbstwmdmfsﬁmnmeat
conductive substrate havi n&}ca f| face é"r%‘%"é‘ﬂ h’l rea Ie thtan t he
first area and at | At RD QYegsé‘ Rasitie ? cﬁ’ﬁﬁ‘g?lyl i

surf ace aremdudtive séhistrate havingd @grmfe@ (6#rwith an area lfssxkag therfirst arsacndal leastast act
with the hgale o6 aRAMES xht\s@cx%ﬁ%h&él glslifae ai‘eu,rvf/ﬁé?éin e i M‘Qﬂ:ﬁtiﬁ'fﬁ@d ﬁw face

tEa
area, and wherein the at con ctlve substr.at a second s
opposi te tW@mﬁ?F%‘lta"éﬂ’l‘ g‘@é“’%cp ZI pﬁadqqaf “?cfﬁglf‘gg'fd; c & gn%eat
conduct i vewherbmitheheat donduatige wbptkmbdsmtsgconﬂ sur&iaeoppm)e the ﬁatw‘l}ﬁmi}nw t he

he ¢ hr ougleo PP i gred Wehell nibsip W Fa i R Y‘?"‘?‘a“e‘ﬁ’l’?%amr. hé’?{'a‘*f .
heat sink E@@ﬁ%‘ﬁn\‘/%‘l“? W?&dﬁgﬁywﬁ E?BE‘P":‘%\F‘@ attt%ﬁg"gpﬁg‘”po PRUUE of
claim8 or 9, wherein the substrate has a vol ume Iess than the first

vol une, and wherein ¢he t i fd tehd
7%?&!?2 ol 8! RrtH& oRS stg%f' a Mat disk @0) vably

board, and wherel n aUrg?é&)? occurs between a peri pheral portion of the
substrat e BRuyted fohe ¢ %bs and the walls of the through-opening.

10.  The apparatus of claim 8 or 9, wherein the substrate has a volume less than
the first volume, and wherein the through-opening is defined by walls of the PC board, and
wherein a gap (75) occurs between a peripheral portion of the substrate away from the tabs and the
walls of the through-opening. '



