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Government has certain rights to this invention.

10 BACKGROUND OF THE INVENTION
The present invention relates, generally, to apparatus for and methods
of the thermal management of electronic devices (whether die-up, die-down,
discrete surface mount technology or discrete through-hole) mounted on
printed circuit boards.

15 Thermal management of electronic devices on printed wiring boards is
usually accomplished in one or more of three ways: (1) by providing
enhanced conduction paths to heat transfer surfaces which are at lower
temperatures than the device; or (2) by increasing convection (natural or
forced) from the surface of the device to a lower temperature surrounding

20 ambient fluid, usually air; or (3) radiation. In many applications, especially
military avionics, the convection and conduction methods are usually mutually
exclusive of each other.

With through-hole microcircuit devices conduction heat sinks usually

include thermally conductive metal strips located under the body of the device



WO 01/ 47333 PCT/ US00/ 33532 -2 and above the surface of the printed wiring
board. TReosi4hkps conduct heat fromthe bottom of such apggxise@sdsez a | ower
tenperature heat transfer device, sonetines referred to as a cold wall.
The netal strips are often arranged in a contiguous pattern which allows
for fabrication by machining and attachnent 5 to the printed wring board.
A cold wall is a heat transfer device—23ueh as a hollow structure through
which a cooling medium (e.g., air, water) flows. Wth through-hol e
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surface nounted devices (e.g., quad-flat packs, |eadless chip carriers).
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Commerci al |y availabl e convection heat sinks for ‘'mcrocircuits™ generally
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' nereased With through-hole conduction heat sinks, a unique heat sink is usually
created for each printed wiring board. The design and fabrication of the heat
sink is therefore dependent upon the precise placement of the components
10 on the printed wiring board. Also, such conduction heat sinks cannot be used
with surface mounted devices (e.g., quad-flat packs, leadless chip carriers).
Conduction heat sinks are not compatible with die-up components.
Commercially available convection heat sinks for microcircuits
generally include extended surfaces (e.g., fins, pins, cones, plates) joined to
15 a mounting surface. The heat sink is usually only attached to the electronic
component with a thermally conductive adhesive. Such attachment is
sometimes augmented with mechanical fasteners to the printed wiring board
itself. With commercially available convection heat sinks, the dynamic load
contributed by the mass of the heat sink during vibration must be supported
20 by the solder joints of the device being cooled. This can lead to increased

fatigue of the solder joints. If the heat sink is attached to the printed wiring

board, holes must be added to the printed wiring board. Such holes, and the



fatigue of the solder joints. If the heat sink is attached to the printed

wWiring Rpghferakpl es must be added to the printed wiring hpegyskooSsseh hol es,
and the WO 01/47333 PCTI USOQ 33532 -3 associated required keep out areas .
for mechanical attachnent, increases the difficulty of routing electrical
traces and conponent placement. It also reduces the space available for
conponent placenent. In addition, currént—and future printed wiring
assenblies are (or will) 5 require integrating a variety of electronic
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(.e., commercial, convection cooled) components; discrete surface mount

technology (SMT); and discrete through-hole components. An example of

this is integrating commercial components into environments where there is

10 less margin between the temperature rating of the commercial component

and the temperature of the cooling medium. A specific example is integrating
convection cooled parts into conduction cooled military avionics.

U.S. Patent No. 5,930,115 to Tracy et al. discloses a thermal

management structure which is designed to provide both mechanical isolation

15 and heat removal for an unpackaged semiconductor die mounted directly on

a printed circuit board substrate. The thermal management structure

sandwiches the unpackaged semiconductor die and printed circuit board

substrate between two heat sink pieces and conductively removes heat from

the die and the substrate. Either or both of the heat sinks may have

20  expanded surfaces, such as pins, fins or the like, which increase the surface

area of the heat sink to enhance passive or forced convective heat removal

to the ambient environment. These heat sinks may also be designed to



the die and the substrate. Either or both of the heat sinks nmay have 20
expanded vy of/@885, such as pins, fins or the like, which ippgnessssshe
surface area of the heat sink to enhance passive or forced convective heat.
renoval to the anmbient environment. These heat sinks may al so be designed
to WO 01/47333 PCTI USOQ 33532 -4 engage other conponents (of the end
product in which such heat sinks are—dmpt oyed, such as the chassis or
frame) to conductively renove heat away from both the heat sinks and the
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conponents) and conduction paths (for die-down conponents). It is an
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and di e-down conmponents on the electrical design of the printed wiring

boar ds 5( e.fgom components, pbatte ndiatdowrl Sarad edieayni ihall @ohihoh r assermblyt i g,

etc.). It is another object of the present invention to provide for a

thermal  wherever they may be located on a printed wiring board, by utilizing
integrated convection and conduction paths (for die-up components) and
conduction paths (for die-down components).

It is an object of the present invention to effectively integrate the use of

10 convection cooled commercial components into conduction cooled military
avionics electronic assemblies.

It is another object of the present invention to minimize the impact of
the thermal management of both die-up and die-down components on the
electrical design of the printed wiring boards (e.g., component placement,

15 area available for trace routing, etc.).

It is another object of the present invention to provide for a thermal
management system which allows component placement and electrical
design to occur independently of heat sink design.

It is yet another object of the present invention to simultaneously

20 provide integrated conduction and convection paths for die-up components.

It is yet another object of the present invention to provide a common

frame for a family of printed wiring assemblies, and to provide such frame



managenment system whi ch all ows conponent placenent and electrical design

to occur wogiependent |y of heat sink design. It is yet anopbgrsepsassi of the
present invention to simultaneously 20 provide integrated conduction and
convection paths for die-up conponents. It is yet another object of the
present invention to provide a conmon frane for a famly of printed wiring
assenblies, and to provide such frame—\W0-01/ 47333 PCT/ US00/ 33532 -5 with
mul ti pl e heat sink nmounting | ocations. It is yet another object of the

present | AR Apfhed QHRCAniRgMBediRhsa PTinted wiring assenbly and to

attach heat sinks to such a frame™to reduce the dynanmic |load inparted to
the el ectronic conponent and |essen fatigue 5 effects on solder joints. The
heat sink(s) arl iayebanetheeobigct pbthe pigsepyinyention teprovide adtarmddor at i s
yet another object of the invention to provide a thermal nanagement system
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thereby elimnate the need for keep out areas, and increase ItheI area
avai |l abl e far ,conponent, pl ac t ,.and routing electrical signals. It is yet
a further O g%'?ar%'lc E’ﬁ’g 'HPQ%’%:HB?C? e Rledrnio companent éndelBssen fiiigupy
attaching themto the frane at nore than one location. It is yet another
obj ect Sof effectprars soltler foiatyt | Thet lneatesinkis) aré hettdehable td &ns fraimd 9
conponents, both die-down and die-up in a common assenbly,

variety of methods.

It is yet another object of the invention to provide a thermal
management system which does not require holes in the field of the printed
wiring board, to thereby eliminate the need for keep out areas, and increase

10 the area available for component placement and routing electrical signals.

It is yet a further object of the present invention to stabilize heat sinks
by attaching them to the frame at more than one location.

It is yet another object of the present invention to maximize the heat
transfer from components, both die-down and die-up in a common assembly,

15 wherever they are located on a printed wiring board, by utilizing integrated
convection and conduction paths (for die-up components) and conduction

paths (for die-down components) and to allow access to all, or at least some,

of such components for inspection and/or electrical testing.

20 BRIEF SUMMARY OF THE INVENTION
The following summary of the invention is provided to facilitate an

understanding of some of the innovative features unique to the present
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printed wiring board has a first surface, a second surface and a continuous
edge interconnecting the first and second surfaces. The board also includes
at least one thermally conductive layer. The die-up electronic device and the
die-down electronic device are mounted on at least one of the first and
second surfaces. The die-down device is thermally connected to the
thermally conductive layer(s). The frame member, which includes at least a
first heat sink mounting location, is connected to one of the first and second
surfaces of the board adjacent to the edge. The heat sink itself, which is
cantilevered over the die-up electronic device from the at least one heat sink
mounting location, includes a portion which is adapted to engage the die-up
electrical device, a portion connected to the frame member to provide a
conductive path from the die-up device to the framé member, and a
convective cooling portion. The thermal management structure also includes
a cold wall. The frame member including means for engaging the cold wall to
provide a thermally conductive connection between the frame member and

the cold wall. The heat sink(s) covers only the die-up electronic device(s)

is



surfaces of the board adjacent to the edge. The heat sink itself, which is

15 canti k&)v(ﬁ;ﬁg.,,over the die-up electronic device fromthgc-pisdoadssy one
heat sin nounting |l ocation, includes a portion which is adapted to engage

the die-up electrical device, a portion connected to the frame nenber to
provide a conductive path fromthe die-up device to the frane nenber, and
a convective cooling portion. The t-hermal nmanagenment structure al so

includes 20 a cold wall. The frame menber including nmeans for engaging the

cold wall vi.de. a .t I Q L xe ct,d on,. n,the frane
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el ectroni c device(s) WO 01/47333 PCTIUSOO 33532 -7 and those portions of

t he boar d deyicei®edrd theeframennecassanetaithesinadly connect theviiea(sgleatraniche fr ame
necessary to thermally connect the die-up electronic device(s) to the
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testing wthout renoval of the heat sin e nove eatures of the

present invention wll beconme apparent to those of skill in the art upon
exam nat i JIPRSCUPREOT testingWwithedemavabotibedieaisiisbf  the invention or can
be | earned by practice of the present invention. It should be understood,

howeves, that fiihne develifeatirdessfrthpt pregent infveatibnweint beyonsd tpparentsieci fi c
exanpl es presented, while indicating certain enbodi ments of the 10 present
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the invention or can be learned by practice of the present invention. It should
be understood, however, that the detailed description of the invention and the
specific examples presented, while indicating certain embodiments of the
10  present invention, are provided for illustration purposes only because various
changes and modifications within the spirit and scope of the invention will

become apparent to those of skill in the art from the detailed description of the

invention and claims that follow.

15 BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying figures, in which like reference numerals refer to
identical or functionally-similar elements throughout the separate views and
which are incorporated in and form part of the specification, further illustrate the
present invention and, together with the detailed description of the invention,
20  serve to explain the principles of the present invention.
Figure 1 is a front exploded perspective view of the wiring assembly of

the present invention;
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of the iwyepnkisen and clains that follow 15 BRI EF DESCRI BgridNoebhs3ssiiE
DRAW NGS The acconpanying figures, in which |ike reference nunerals refer
to identical or functionally-simlar elenents throughout the separate
views and which are incorporated in and formpart of the specification,
further illustrate the present invertiBor and, together with the detail ed
description of the invention, 20 serve to explain the principles of the

1 ing. assenly B PR ek Rrodd e Rore R POt R TFERY etk es,

Figure 2 is a back expl oded perspective view of the wiring assenbly of the
present i BERESHNt iRYRRLiAR; 3 is a front perspective view of the wiri ng
assenbly of the present invention; 5 Figure 4 is an enlarged, partial end

view of the priFigeet @ id @gfrbﬁﬂrpér%eqtﬁlaevigﬂﬁ%fmﬁei\ﬁh‘iﬁgtéfﬁmtﬁggé’( the 1S @
top plan view of a portion of the printed wiring board o t present
i nvention; Fig re 6 1s a perspective view of a conduction and convention
heat 10 ARRETHBYEM N e- up component) cantilevered fromjust one | ocation
on the

5 Figure 4 is an enlarged, partial end view of the printed wiring board of

the present invention;

Figure 5 is a top plan view of a portion of the printed wiring board of
the present invention;

Figure 6 is a perspective view of a conduction and convention heat

10  sink (for a die-up component) cantilevered from just one location on the
assembly frame;

Figure 7 is a perspective view of a conduction and convection heat
sink (for a die-up component) cantilevered from two spaced apart locations
on the assembly frame;

15 Figure 8 is a perspective view of a conduction and convection heat
sink (for a die-up component) suspended across the assembly frame; and

Figure 9 is a top plan view showing the wiring assembly of Figures 1 -

3 in an assembly having a cold wall.

20 DETAILED DESCRIPTION OF THE INVENTION
With reference to Figure 1, printed wiring assembly 11 includes a

printed wiring board 13, a frame assembly 15, and an integrated conduction



assenbly frane; Figure 7 is a perspective view of a conduction and

convect i aolygadsss si nk (for a die-up conponent) cantil everqgrgonissp spaced
apart locations on the assenbly frane; 15 Figure 8 is a perspective view

of a conduction and convection heat sink (for a die-up conponent)
suspended across the assenbly frame; and Figure 9 is a top plan view
showing the wiring assenbly of Figures9— 3 in an assenbly having a cold
wal | . 20 DETAI LED DESCRI PTION OF THE | NVENTION Wth reference to Figure 1,

printed w udes a printed wiring board 13, a frane
assenbly Eh&%ﬁ §§ﬁmn%{%%tasé¢gg%conduct i on WO 01/ 47333 PCT/ USOQ 33532 - 9-

and convect lon heat sink 17. As is evident fromFigure 4, printed wiring
board 13 (sonetPfels evisiest rfeemt Higise phB)printed umiesg bearsr 13| (sometimep | ayer
of insulating material 21, a bottomlayer of insulating material 23 and

thermal l'y té?@ﬁé@ttcb‘ég PWB‘?rr&:I@@e@Uﬁte?aﬁé aféptéyéﬁ%f ﬁ#émaltﬁ@ rhg%érﬁ‘?zﬁ”% Wl

appreciate, PWB 1 dependi ng upon e conpl e]>c<| X e W recI |
circuitry, incl i nter |ate Ia s of  signa round an
power condB%‘?mgay%ru%Hn§‘é|apﬂ91|"&%t?ﬂang anghibe Q S%F'%We layers; aPdper sed
by layers of insulating material 33, 35 and 37. As those skilled in the
art wil3 aBs$o Ampiiosei skilied sotie hrdwel @ppessateyIPWBI €3 ilhatdp@mging upon

the complexity of the wired circuitry, include additional intermediate layers of
signal, ground and power conductors, such as indicated by layers 27 and 29,
all interspersed by layers of insulating material 33, 35 and 37. As those
skilled in the art will also appreciate, some layers have multiple functions

10 (e.g., thermal and ground, thermal and power). The insulating materials can
be of a variety of materials including polyimide, FR4, thermont, fiberglass,
epoxy and combinations thereof. Preferably thermally conductive layer is
made of at least 1 oz. copper, although the use of other thermally conductive
materials is possible as will be apparent to those skilled in the art.

15 Alternatively, one or both of thermally conductive layers 25 and 31 can be on
the outside surface of layers 21 or 23.

A variety of electronic components (whether die-up, die-down, discrete
surface mount and/or discrete through-hole) can be mounted on PWB13. For
purposes of illustration, die-up devices 41, 43, 45, 47 and 49 are mounted on

20 PWB13. Also included are die-down devices 51 and 53. Die-up devices can
include Motorola PPC603 P/N TSXP603PUAUSL, Tundra Real Image P/N

M64580WG, and Intel i960RP P/N GCB80960RP3V33SL2GD; die-down



10 (e.g., thermal and ground, thermal and power). The insulating materials

can be gfpg/¥38i ety of materials including polyimde, FR$crh@6B8%%53 .
fi berglass, epoxy and conbi nations thereof. Preferably thermally

conductive layer is nade of at |least 1 oz. copper, although the use of
other thermally conductive materials is possible as will be apparent to
those skilled in the art. 15 Alternatd v@ly, one or both of thermally
conductive layers 25 and 31 can be on the outside surface of l|ayers 21 or
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purposes of illustration, die-up devices 41, 43, 45, 47 and 49 are nounted
on 20 PWB1¥oltagesoRefrrenged RN §P62d@802248vi @asl 5Q-bBech 58 sciliaterupPiévi ces
can include Mtorola PPC603 P/ N TSXP603PUAUSL, Tundra Real I1nmage P/ N
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29301- SOBU, Anal vices Voltage Reference P/ N 5962-7280 , an ec
Osci | | at orMBp ac%%@%ﬁ?@lé‘-r%.” a 38&42211;9&1%2;9&9@»%@4 ncl udes a connect or

55, such as manufactured by Airborn P/N RM 422-196-192-9500-919. 5 Frane

assenblsy 15 i ncrates absemblypos insddeSfranfeSpofiona Bl &8, W5 shd 67t WhRickal | Y,
forma rectangl e although other configurations are possible. Alumnumis a

preferred thitcgﬁ;i/,alfOrr#o EBYSEtanS Ievaarlt'h%héhOfotﬁer}ercg%#ié Xra?i%ﬂgu%tré Vgossible.

Aluminum is a preferred material. However, a variety of thermally conductive
metals, composites and plastics can be used. As explained below, each
portion includes a plurality of holes 69 for mounting one or more heat sinks
10 17. Assembly 15 also includes a pair of flanges 71 and 73 which, in turn, are
used to mount wedgelocks 75 and card ejectors 77. Wedgelocks 75 are
manufactured by Calmark (see, e.g., U.S. patent No. 4,819,713). Assembly
15 further includes, as best seen in Figure 2, three projections 81, 83 and 85,
which are used to mount connector 55 to frame portion 65 and PWB 13.
15 Finally, flanges 73 and 75 include a plurality of holes 91.

PWB 13 and spacer strips 95 are secured to flanges 71 and 73 by a
plurality of machine screws 93 or other fasteners which pass through
openings in strips 95 (not shown), openings in PWB 13, holes 91, and are
secured in tapped holes (not shown) provided in wedgelocks 75. Board 13 is

20  also secured to projections 81, 83 and 85 by machine screws 97 which pass
through holes 99 and are received in tapped holes (not shown) in connector

55. With reference to Figures 4 and 5, the thermal vias 100 which thermally
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thermal |y conductive layer 25 to frane assenbly 15 are illustrated. Wth
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thermally contact die-up devices 41, 43, 45, 47 and 49. Heat sink 17, 5

which is MREEJEE HAMBHWEBR HoMidHY 1841 485! shd 85BN acrgngélacﬁtggeion@é erial,

secured to frame portions 63 and 65, as illustrated in Figure 3, by machine
screws (not shown) which are received in openings 69 and tapped openings
107. As is evident from Figure 2, the thickness of heat sink 17 does not have
10  to be uniform, but includes a series of planar surfaces 111, 113, 115, 117 and
119. This variation in thickness is determined by the various heights of the
components above the top surface of printed wiring board 13, so that each
surface is in close proximity the top surface of its associated component (i.e.,
41, 43, 45, 47 and 49). To thermally connect, for instance, surface 119 with
15 the exposed surface of component 41, a thermally conductive gap filling
material (e.g. aluminum oxide filled elastomers, thermally conductive grease,
thermally conductive wax, thermally conductive epoxy) (not shown) is utilized.
Such gap filling materials are used to accommodate the height variational
tolerances of the components. With this arrangement, heat sink 17 conducts

20  heat from devices 41, 43, 45, 47 and 49 to frame components 63 and 65.
To provide additional structural support or increase the thermal

connection to PWB 13, heat sink 17 can also be provided with a projection



i ncl udes spaced apart portions 101, 103 and 105 which are adapted to be

secured tyohi/#8s portions 63 and 65, as illustrated in Fi gigqAssdesfay: Machi ne
screws (not shown) which are received in openings 69 and tapped openings
107. As is evident fromFigure 2, the thickness of heat sink 17 does not
have 10 to be uniform but includes a series of planar surfaces 111, 113,
115, 117 and 119. This variation in-th2eckness is determ ned by the various
hei ghts of the conponents above the top surface of printed wiring board

13, so tha : r i 554 0,610 L the top ace of .its
associ at edqcz:gqrr%g/}lne(ig J(u?%ge ﬁ%%h?%?ﬁg@é’%%@aﬁ%o 355?0%'8](?5@%:@??9‘16%%& ,
for instance, surface 119 with 15 the exposed surface of component 41, a
thernal |y Belddnanopgeqant theremity byrenaehing sqrewyl!2@bndiconpermtindetappéd ed

el astoners, thermally conductive grease, thermally conductive wax,

t her mal | d i drivekti iy Stdt i - b | L NQ
mat er i alg g?lg t%édﬂ?yg@g%kmdaggéﬁﬁga lg#,gw‘[é f\/OI rlggf?%enz%jﬁﬁo erg\,ﬁtlgeés of the
conponents. Wth Pis arrangenment, heat sink 17 conducts 20 heat from

devi ces 419'%%45%&)%?9% ‘to frame conponents 63 and 65. To provide
addi tional structural support or increase the thermal connection to PWB

13, heat sink 1Theaizeahad mmr@rvtihéewbwéihkgorpheia%ﬁqk@ﬁisvmet@%%%?’
PCTI USOQ' 33532 -12 121 having a surface 123 which engages the top surface

o oot 2 RS, LR Tho S i R R i B ™
surface | SFiSlrJPevsi g’egl avr\fdtSr‘], a?lternate embodiments are illustrated. Figure 6 iliustrates
a very simple cantilever mounted design 141, which is attached just to frame
portion 67 by machine screws (not shown) received in, preferably, to two or
10 more adjacent (or nearly adjacent) openings 69. Figure 7 illustrates an L-
shaped heat sink 143 which is secured to frame member 63 by machine
screws 145 and secured to frame member 61 by additional machine screws
145. Figure 8 illustrates heat sink 147 which bridges frame members 63 and
67. In its simplest form, it can be a simple, straight span. As illustrated, heat
15 sink 147 has offset portions 149 (connected to frame member 63 via machine
screws 145) and 151 (connected to frame member 67 via machine screws
(not shown)). All the foregoing heat sinks include fins 129 for convection
cooling.
As those skilled in the art will appreciate, an infinite variety of heat sink
20  configurations can be provided for, depending upon the number and location

of the die-up devices on PWB 13. Heat sink 141 can be used alone, in

connection with other cantilever heat sinks, or in connection with heat sinks



plurality of fins or pins 129. 5 The size and shape of the heat sink (or

heat si nkg), oi/#739€t ermned by the number and |ocation of, {Qfyshblsisasce,
die-up devices. Wth reference to Figures 6, 7 and 8, alternate

enbodi ments are illustrated. Figure 6 illustrates a very sinple cantilever
mount ed design 141, which is attached just to frane portion 67 by machine
screws (not shown) received in, preferaply, to two or 10 nore adjacent (or
nearl|y adjacent) openi ngs 69. Figure 7 illustrates an L- shaped heat sink

143 whi ch e menbe b nach scre 145 and, secured
to frame rrgrﬁ‘r%%?qg? %%rnﬁpetnglgrﬁgtq??ﬁgx@g%% he1%|g¢ia8 rayeut; r]fqngtrat es
heat sink 147 which brldges frame nmenbers 63 and 67. Inits sinplest form
it can be eomipepests enrainged vdpeg boasd i13, wetilkeapedhittineatin Idoriiask td4Rehas

of fset portions 149 (connected to frame menber 63 via nmachine screws 145)

and 151 (cgpag érﬁ@n?%ﬁél@?ﬁ%%ﬂgﬁr cﬁ7ef1’2%)n§8@é§se téc £V astl @8{11 shg}qﬁs) All

the foregoing eat sin for convec I ON" €00 t hose
skilled in the art wil|l appreciate, an infinite variety of heat S|nk 20

conf i gur at PEierabhnhalhef BT%W’H@@I”‘P'Hﬁ fOU@ﬁéﬂ@ﬁ'%an@’@ﬁ elasdrigal tesiingaticalbocat i on
of the die-up devices on PWB 13. Heat sink 141 can be used alone, in

connects onaNmW@f&tdmCﬁrp@r%ﬁtl pigoeheteaid eldlifoal @sigh toBHEE indtiperdehtipeat
sinks WD 01/47333 PCTI USOQ' 33532 -13 143 or 147. This permts the greatest

flexibili tgf 'hré ﬁeha? sm‘is'eqsn and | ayout of the

As those skilled in the art will appreciate, heat sinks 17, 141, 143 and

147 cool die-up devices (and unpackaged electronic devices such as Micro

Rel Driver L154C) by both convection cooling (via fins 129) and conduction

10 cooling to the frame assembly 15. The die-down devices are cooled via
conductive layers 25 and 31 to frame assembly 15. As illustrated in Figure 9,
printed wiring assembly 11 is received in chassis 161, such as used in
avionics, ground, ship and space applications. Chassis 161 inciudes card
guides 165 and 167, and cold walls 169 and 171. Convection cooling is

15 provided by moving air across fins 129. This could be achieved by natural
convection or forced air. Forced air could be supplied by internal air movers

(not shown) or external systems (not shown). Conduction cooling is achieved

by the mechanical (and thermal) contact between frame assembly 15
(including wedgelocks 75) and the card guides 165, 167 provided on housing

20 161. Card guides 165, 167 are, in turn coupled to cold walls 169, 171. As
those skilled in the art will appreciate, such cold walls include one or more

mechanisms by which heat is dissipated (e.g. secondary forced air, forced



conmponents on printed wiring board 13, while permtting (in contrast to the
arrangenent disclosed by Tracy et al.) access to at |east sone, and

pref er abIWORI#38% the conponents for inspection and/or el EFHYIB3B2sting.
It also 5 allows for conmponent placenent and el ectrical design to occur

i ndependently of the heat sink design. As those skilled in the art wl|
appreciate, heat sinks 17, 141, 143 and, 147 cool die-up devices (and
unpackaged el ectronic devices such as Mcro Rel Driver L154C) by both
convection cooling (via fins 129) and conduction 10 cooling to the frame
assenbl y 1@“'¢W@°gﬁ1@-f6@mh§é\ﬂi3@€me&ﬁwtedaC%mMisiloménducti ve layers 25 and
31 to frane assenbly 15. As illustrated in Figure 9, printed wring
assenbly 11 i s TR&@nWwsHinan i i Wolpf xS round,
ship and space appli catilg%s@@ggz?gﬁﬂeﬁ?ﬁ?ﬁ%@m%@ﬁ??prgﬁ}éh@ l%Gt%egac@imd 167,
and cold walls. 169 and 171, vection cooling is 15 provided by noving air

Co . .
across finSXPI3§ e, PLesent veBtYR rand dis BiAGsALARPIICation apdi ton therebyr ced
air. Forced air could be supplied by internal air novers (not shown) or

external sgsatdeth¢seskilédimihe slondnedieoand oblize1the iBvastid eV FHosd¥kiIBE
mechani cal (and thernmal) contact between franme assenbly 15 (including

dgel ks; 7 t d gui 65 6 i ded. 1 20 161.
chrgegf}icdzlg ?%%%’6#3\@{&1 n\gl L?e%,somq etéaz oﬂ?gl "af%eﬂam%g Ou?'lp{llgri. a t hose

skilled in the art will appreciate, such cold walls include one or nore
nmechani sseXAMRNRE d1AveeBeen presertiedafios ¢hé epugpose adriliizstratioar ardl exampié or ced
WD 01/ 47333 PCT/ US00/ 33532
only. Other variations and modifications of the present invention will be
apparent to those of skill in the art, and it is the intent of the appended claims
that such variations and modifications be covered. The description as set forth
10 is not intended to be exhaustive or to limit the scope of the invention. Many
modifications and variations are possible in light of the above teaching
without departing from the spirit and scope of the following claims. It is
contemplated that the use of the present invention can involve components
having different characteristics. It is intended that the scope of the present

15 invention be defined by the claims appended hereto, giving full cognizance to

equivalents in all respects.



-14 liquid cooling) fromthe attachment interface (not shown). The

enbodi megyfsy3Ash;exanpl es set forth herein are presented tg-pPpgiosagsr! ai n
the present 1 nvention and its practical application and to thereby enable
those skilled in the art to nmake and utilize the invention. Those skilled 5
in the art, however, wll recogni ze-+Hhdt—t he foregoi ng description and

ae)

exanpl es have been presented for the purpose of illustration and exanple
only. Qher variations and nodificafixpag of the present invention will be
apparent to those of skill in the art, and it is the intent of the appended

clainms that such variations and nodifications be covered. The description
as set forth 10'hesembedimgrined@n pvestian awbidhvan exclugivei propetyh@rscope of
the invention. Many nodifications and variations are possible in |ight of

t he above righafdlgithedbleifinedeRarolibig fromthe spirit and scope of the
following claims. It is contenplated that the use of the present invention

can i nvol ve conponents . havi different characteristics. It |js intended
that the scopen{gf t pmé%%rﬁ{]e%lSthieW@ﬁtm@HaBE”@é‘? i Bsieny foneelackionic

appended hereto, giving full cognizance to equivalents in all respects. WO

01/ 47333 EEVICESONABE3Y dicldp G Mie-dbhe efdutidinie nlevicek, avhithvedt iben i n

whi ch an excl usive property or right is clained are defined as follows:
mounted on a printed wiring board, said thermal management structure
comprising:

a printed wiring board for supporting electronic devices, said board
having a first surface, a second surface and a continuous edge

10 interconnecting said first and second surfaces, said board also including a
thermally conductive layer in communication with the printed wiring board;

at least one die-up electronic device and at least one die-down
electronic device mounted on at least one of said first and second surfaces,
said die-down device being thermally connected to said thermally conductive

15 layer,

a frame member connected to one of said first and second surfaces
adjacent to said edge, said frame having at least a first heat sink mounting
location; and

a heat sink, said heat sink including a portion which is adapted to

20  engage said die-up electrical device, said heat sink further including a portion

connected to said frame member to provide a conductive path from said die-

up electronic device to said frame member.



1. An int egr ated thermal managenment systemfor electronic 5 devices,

i ncl udi ngv 74 and di e-down el ectronic devices, which C?E!TREOO/S@%W'[ ed on
a printed w r| ng board, said thermal managenent structure conprising: a
printed wiring board for supporting el ectronic devices, said board having
a first surface, a second surface anrd # eoenti nuous edge 10 i nterconnecting
said first and second surfaces said board also including a thermally
conductive |ay g =tTelggrally) ' t i LW T .. at_ | east
one di e-up electronic deV| ce an nlieehatse{]y@%eﬁfe] O?'tc’qg' MP@PE@'?#‘@WP? Yevi ce
mounted on at | east one of said first and second surfaces sai d di e-down
devi ce beiqGfid Wadly faild amerneotsd lmdug@gdneamrﬁmmgamm@eetd eeld vall tayer; a
frame nenber connected to one of said first and second surfaces adjacent
to said eqggvidead thdrhiIp cb?iddcﬂv@tcohﬁééﬁo@bfetv(l RSRY fringkm rl 4Kl

| ocation; and a heat sink, said heat sink incl oPng a portion ichis
adapted to 0 en Pe sai d die-up electrical device, said heat sink further
i ncl udi ng%% ?5‘@%‘ connected to said frane nenber to provide a conductive
path fromsaid die- up electronic device to said frame nmenber. WO 01/47333
PCT/ USB0/ 33532 -16 2. The thermal managenent systemof Claim1, further

i ncluding a

3. The thermal management system of Claim 1, wherein said heat

sink is cantilevered over said die-up electronic device from said first heat sink

mounting location.

10 4. The thermal management system of Claim 3, wherein said heat
sink is connected to said die-up electronic device via a thermally conductive

material.

5. The thermal management system of Claim 4, wherein said
15 thermally conductive material is aluminum oxide filled silicone elastomers,
thermally conductive grease, thermally conductive wax, thermally conductive

epoxy, or combinations thereof.



cold wall, said frame nmenber including neans for engaging said cold wall to

provi de §v65’ﬁ AR |y conductive connection between said frapg sgsras, and
said cold wall. 5 3. The thernmal managenent systemof Caim1l, wherein said

heat sink is cantilevered over said die-up electronic device fromsaid
first heat sink nounting |ocation. 2014—The thermal nmnagenment system of
Claim3, wherein said heat sink is connected to said die-up electronic

device via a ther mal bt GABRHSE [NeadBGR Bhotch JFNEINE] My JRAGSTEN!

system of C ai m4, erein sail thermal Ty conductive nmatérial™15S

alum numoxide filled silicone elastoners, thermally conductive grease,

t her mal |y fFYRBUREMRENWEEIUdEse Aneeeend d1edlclinly enoupiig, loeatiarpnsaid aiisbns

t hereof . WO 01/47333 PCT/ US00/ 33532 -17 6. The thernmal nanagenent system

of O ai m JocasT BemgssésaratéRMNBERE et WsiRtiod, BRAANAeRGRIsaRl RkafOUNti Ng

| ocation, said first |ocation being separated fromsaid second | ocation,
and wherein sai d hea ink.is supported by said fra at both said first
and said ss&lf)};ds“%%qr&esq f?P( said ?r@ﬁ’?é)iag8°ﬁbé§¥q ﬁrﬁé _ang_saﬁéepﬁgg hgat fiMagenent
system of Caim6, wherein said

5 mounting locations.

7. The thermal management system of Claim 6, wherein said
frame member includes a first and a second portion, said first portion being
spaced apart and opposite from said second portion, said heat sink bridging

10  said first and second frame portions.

8. The thermal management system of Claim 1, wherein said
thermally conductive layer is captured between at least two electrically
insulative layers.

15
9. The thermal management system of Claim 1, wherein said

thermally conductive layer is on at least one of said first and second surfaces.

10.  The thermal management system of Claim 1, wherein said

20  printed wiring board includes a plurality of thermally conductive layers.



frame menber includes a first and a second portion, said first portion
being spaced apart and opposite from said second portion, said heat sink
bri dgi ng W‘i@”@é&d first and second frame portions. 8. The PGTA{S9fp3s32
managenent systemof Claim1, wherein said thernally conductive |ayer is
captured between at least two electricedly insulative layers. 15 9. The

t hermal managenent system of Claiml, erein said thermally conductive

| ayer is on at rTLﬁaSt one of said first and second surfaces. 10. The
thermal managentht sVd¢ dRPBPACMANAIEMSGHeFEStEMs Af dClapm [ iwiheiginiseiithg boar d
includes a plurality of thermally conductive |layers. W) 01/47333

PCT/ US00/ 38BAdally t8nductivEhiayehes edrnisipagsimeied Y s8M fhnfd didMnbrmaer ei n
said thermally conductive layer is thermally connected to said frane via

thermal vj.as. 5 12. The thermal managenment systemof Caim1l, wherein said
frame is continuous with said edge and said board is attached to said frane
in a manner that provides additional stiffness to said board. 13. The
t hermal managenent system of Claim1l, wherein said heat 10 sink further
conprises a convective cooling portion. 14. The thermal managenent system
of Cakm 12 whef£i N { dhermal management system of Claim 1, wherein said

frame is continuous with said edge and said board is attached to said frame

in a manner that provides additional stiffness to said board.

13.  The thermal management system of Claim 1, wherein said heat

10 sink further comprises a convective cooling portion.

14.  The thermal management system of Claim 12 wherein said

convective cooling portion includes a plurality of projections.

15 15.  The thermal management system of Claim 1, wherein said heat
sink covers only said at least one die-up electronic device and those portions
of said first and second surfaces between said at least one die-up electronic
device and said frame necessary to thermally connect said at least one die-
up electronic device to said frame, to thereby provide access to said first and

20 second surface for inspection or testing without removal of said heat sink.



convective cooling portion includes a plurality of projections. 15 15. The
t hermal nmanagenent systemof Claim 1l, wherein said heat sink covers only
said at I‘@Qé‘?"‘@ﬁ% di e-up el ectronic device and those port i¥§T§USO8B38y; ¢
first and second surfaces between said at | east one die-up electronic
device and said frane necessary to thengally connect said at |east one die-
up electronic device to said franme, to thereby provide access to said first
and 20 second igrfaég for inspection or testing w thout renoval of said
heat sink. WO 01Pa7333thsEalideanageent styactuee for elestionic AaMisgs nuhich
structure for electronic devices which can be nounted on a printed wring

board, sai dan hise nmlountsthgeENtprirfdéd UATrINGE bORFPT s&idNdhe@dlr hitirRdemdrtng
board for supporting el ectronic devices, said board 5 having a first

surface, a . .and a continuous edge interconnecting said first
and secondsgﬁgﬁgég%éﬁﬁbg{?ﬁgeast one el ectroni c device nmounted on one of said
first and second surfaces; a frame nenber connected to one of said first
and second surfadeinted wisidigabeand far seppbritolg eslestadnic fdemioeshasdihidazird| east
one heat sink mounting |ocation; a heat sink, said heat sink including a

]I?SH ihg:b' ;"ﬂ!g‘i&ﬂl&%;a;agﬁr%gfsygfﬁce,e”élagécéﬁ&dsﬁ“fgﬁér IR Je¥bhfinusi deligat sink
interconnecting said first and second surfaces;

at least one electronic device mounted on one of said first and second
surfaces;

a frame member connected to one of said first and second surfaces

10 adjacent to said edge, said frame having at least one heat sink mounting
location;

a heat sink, said heat sink including a portion which is adapted to
engage said electrical device, said heat sink further including a portion
connected to said frame member to provide a conductive path from said

15 electronic device to said frame member, said heat sink also including a
convective cooling portion; and

a cold wall, said frame member including means for engaging said
cold wall to provide a thermally conductive, connection between said frame
member and said cold wall.

20

17.  The thermal management system of claim 15, wherein said

electronic device is a die-up device.



connected to said frame nmenber to provide a conductive path fromsaid 15
el ectroniyeo gigasssze to said frame menber, said heat sink al periyisdssEsng a

convective cooling portion; and a cold wall, said frame nenber including
means for engaging said cold wall to provide a thermally conductive,
connection between said frame nenber ahd-said cold wall. 20 17. The

thermal nmanagenent system of claim 15, wherein said electronic device is a

di e-up devi ce. 0 0TI RemRFTHERGELAR st 46 Cidie 1NSHRBlbiRaRgeent

system of Claim 15, wherein said ¢€lectroni evice 1's anh unpackaged

el ectronic d%vice. . . :
electronic device is an unpackaged electronic device.




