a 4 JUN 2004 H25313 | NTEGRATED CONVECTI ON AND CONDUCTI ON HEAT SI NK FOR
MULTI PLE MOUNTI NG POSI TIONS 5 UNI TED STATES GOVERNMENT RI GHTS The i nventi on
as made with United States Governnment support under Contract No. pg JUN 200,
F33657-95-D- 2026 awarded by the U.S. Air Force. The Governnent ha§'cgﬁ€@rn
rights to this invention. 10 BACKGROUND OF THE | NVENTI ON The present

I nvention relates, generally, to apparatus for and nethods of the thernal
managenent of el ectronic devices (whether die-up, die-down, discrete
surface nount technol ogy or discrete through-hole) nounted on printed
circuitggggqys. 15 Thermal managenent of el ectronic devices on printed

Wi ring boards is usually acconplished in one or nore of three ways: (1) by

pr ovi di ng EorEBRHEC ABIPANE CONGIETON M FERKTFGEes whi ch are at
| ower ter#ﬁ@%éis t S};ﬁbﬁﬁ&\ﬁ ﬁg@ﬂéﬁgﬁég#n(é 6§SI ng convectl on

(natural or forced) f ice to a | ower tenperature
surroundi ng 20 anbient fluid, usually air; or (3) radiation. In many
applications, especially mlitary avionics, the convection and conducti on

met hods are usual | yyURITED $TATES GOVERNMENTFAGHTher . Wt h t hrough-hol e
m crocircuit devices conduction heat sinks usually
The invention as made with United States Government support under

Contract No. F33657-95-D-2026 awarded by the U.S. Air Force. The

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

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



i nclude thermally conductive netal strips |ocated under the body of the
device 0 3 JUN 2004 -2 and above the surface of the printed wiring board.
The strips conduct heat fromthe bottom of such a device to a | owery; UK 2005
tenperature heat transfer device, sonetines referred to as a cold wa H

The netal strips are often arranged in a contiguous pattern which allows
for fabrication by machi ning and attachnment 5 to the printed w ring board.

A cold wall is a heat transfer device, such as a hollow structure through
which a cooling nmedium (e.g., air, water) flows. Wth through-hole
conduction heat 'sinks, a unique heaj _sink is usually created for each
printed wiring board. The design and fabrication of the heat sink is

t her ef ore dependent upon t preci se. pl ace of the conpaonents 10 on the
b it ed 40P SRy oA 1aap < e ROt RisBrs A n e SRR SOORRId e used  w th
surface nounted devices (e.g., quad-flat packs, | eadl ess chip carriers).

Conduct ifiom trealbotiinm lof sactea misvice dmadowbt emparatudd beafrarsfigrotevies .
Commerci al ly avail abl e convection heat sinks for mcrocircuits generally

i ncl ude sgiiRfiRGeRiidABaR 4 Bol-wall '%m@ié‘?.tnpﬁ%’i‘@%ﬁelﬁ”aﬁ’aﬁ?édjrpé”ed to 15 a
nmounting surface. The heat sink is usually only attached To the electronic

Comet 1 meerinsti Rt et sl [ S eaBb Ry ESeny e AR 1 ng boar d

itself. Wt h comercially avail abl e convection heat sinks, the dynam c |oad
cont Bi bdie ge printedewiting pasird.+ ifeceld avalis rek healy ranpfen devigs, SHChastabe support ed

hollow structure through which a cooling medium (e.g., air, water) flows.

With through-hole conduction heat sinks, a unique heat sink is usuaily
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 fas;teners to the printed wiring board
itself. With commerciaily 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 fead to increased
fatigue of the solder joints. [f the heat sink is attached to the printed wiring

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



20 by the solder joints of the device being cooled. This can lead to

I ncreased fatigue of the solder joints. If the heat sink is attached to
the printed wiring board, holes nust be added to the printed w ring board.
Such hol es, and the 03 JUN 2004 -3- associated required keep out areas faor
mechani cal attachment, increases the difficulty of routing electr Edi 00
traces and conponent placenent. It also reduces the space avail able for
conponent placenent. In addition, current and future printed wring
assenblies are (or will) 5 require integrating a variety of electronic
conponents on the same assenbly, —syich as: die-down (i.e., mlitary,
conduction cool ed) conponents; die-up (i.e., comrercial, convection

cool ed) i e ! g wand discrete
t hr ough?%ﬁ;ﬁgg rr}r%‘i"?{reegit E&Jp@ﬁgir%%ﬁo&%%gasl %ﬁgaﬁﬁ%@g%&% %‘%e)sctg rcial
conmponents into environnments where there is 10 | ess nmargi n between the
t enper adliffieity apf meutsio EircticimiERcEsapNd ofgBReReNt glagemeat.t elipalsat ure of the
cooling nmedium A specific exanple is integrating convection cooled parts

i Nt 0o corstuckk de spadecavaiiablet far yorapboentqiacdhént. Pat ent No. 5, 930, 115 to
Tracy et at discloses a thermal rmanagenent structure which is designed to

provi de both L cal. i ' : heat I aynpackaged
sem conduct otﬁ?@ﬂ%’uﬁr&%ﬁ%ﬁt@?f %ﬁntgagylﬁﬁgeagﬁgfﬁ%% ta %é%‘?gmgubst rate.
The thermal, managepent structure sandw ches the un ackaagsedm%cierri conduct or

die and r%ngﬁti@ﬁ: tINg A vayigy f electronic components on the Same asse

such as: die-down (i.e., military, conduction cocled) components; die-up
(i.e., commercial, convection cocled) 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 semiconducfor 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




substrate between two heat sink pieces and conductively renoves 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 tiheJuN 2.
surface area of the heat sink to enhance passive or forced convective heat
renmoval to the anmbient environment. These heat sinks may al so be designed
to 2U OS JUN -4 engage ot her conponents (of the end product in which such
heat sinks are enployed, such as the chassis or frame) to conductively
remove heat away from both the heat sinks and the unpackaged

sem conductors. It is an object af 4he present invention to maxim ze the
heat transfer 5 from conponents, both die-down and die-up in a conmon
assenbl wherever the | ocat e n a printed wyring board, by

i1 21 Fheag Bl domparbali s AP Bkl latnBih SR ool SMR5R8
conponents) and conduction paths (for die-down conponents). It is an

obj ect employedoseske@s the\cbassis rorifeaneg)f teceandercivaly remeve beahawase of 10
convection cool ed commercial conmponents into conduction cooled mlitary

avi oni C¥rof B6thItRE heaPSiAkdTANd Bfe utpackagadeémronabigterd of the present
i nvention to mnimze the inpact of the thernmal managenent of both die-up

and i e dovn, GQTRORSREoPfhe! Eecl RELAIGHRIo HEMIMZe the WS HahBlrd W i ng

boards (e.g., acene

5 from components, both die-down and die-up in a common assembly,
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 comﬁonent placement and electrical
design to occur independently of heat sink design.

It is yet another object of the present invention to simuitaneously

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




15 area available for trace routing, etc.). It is another object of the
present invention to provide for a thermal rmanagenent system which alloms
conponent placenment and el ectrical design to occur independently of heat
sink design. It is yet another object of the present invention to 03 JUN209
simul taneously 20 provide integrated conduction and convection paths for
di e-up conponents. It is yet another object of the present invention to
provide a common frame for a famly of printed wiring assenblies, and to
provi de such franme 03 JUN 2004 -5- with nmultiple heat sink nmounting

| ocations. It is yet another objeet506f the present invention to provide a
frame for a printed wiring assenbly and to attach heat sinks to such a

frame t ﬁﬁlg ﬁ%?sgw}ﬁg&&dgqggad&marted to the el ectronic conponent and
at i gue |

| essen ects on s er Jjoints. The heat sink(s) are attachable

to the frane by a wvariety of nethods. |t is yet another object of the
i nvention tolt Fﬁ&ﬁtl %fé’t%\e&%?%f th%ﬁ@@ﬁ%ﬁ“ﬁ%f%ﬁﬁ%ﬁ’?@ﬁ@@@s‘oh@t require

holes in the field of the printed wring board, to thereby elimnate the
need f oprikiedpwiding swmseathiy and to Imuaeamal@irtkbetoamma avrahleatd eduge conponent
pl acenent and routing electrical signals. It is yet a further object of the

present trﬁ}ﬂﬁﬁéﬁn&n ob iffpaRkl enBeAkcfohK Tontpordht 3RE1IBS%dNERLLE the frame

one ocat Ion.

5 effects on solder joints. The heat sink{s) are attachable to the frame by a
variety of methods.

It is yet another object of the invention to provide a thermal
managément 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 aibw 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



It is yet another object of the present invention to maxi m ze the heat
transfer from conponents, both die-down and die-up in a common assenbly,

15 wherever they are located on a printed wiring board, by utilizing

i ntegrated convection and conduction paths (for die-up conponents)jgangk 20,
conduction paths (for die-down conponents) and to all ow access to all, or
at | east sone, of such conponents for inspection and/or electrical

testing. 20 BRI EF SUMVARY OF THE | NVENTI ON The foll owi ng summary of the
invention is provided to facilitate an understandi ng of sone of the

I nnovative features unique to the_gresent 0 3 JUN 200a -6 invention, and is
not intended to be a full description. A full appreciation of the various

aspects.of the inyventi.an can, he gai by takin entir speci fication,
ol o . inyealiin e BstRternBy 16 4% WiarerRih h b afiiseifien H1 lmnagenent
system for electronic devices 5 includes a printed wiring board for
suppor t theg vatiews raspeetsdel thee énveation ecasnt bengained v pakingl toeeerdire- down
el ectronic device, a frame and a heat sink. The printed wiring board has a

first sdpdafication, S8RM)ArawingsCandaskttace a8 biviels edge interconnecting the
first and second surfaces. The board also includes at |east one thermally

Conductl ve | Yoo Bi B SHAFAITS, ERRES S Bkl
5 includes a printed wiring board for supporting electronic devices, at least one
die-up and one die-down electronic device, a frame and a heat sink. The
printed wiring board has a first surface, a second surface and a c‘ontinuous
edge interconnecting the first and second surfaces. The board also includes
at least one thermally conductive layer. The die-up electronic device and the
10 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 feast 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
15 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 frame member, and a
convective cooling portion. The thermal management structure also includes
20  acold wall. The frame member including means for éngaging the cold wall to

provide a thermaily conductive connection between the frame member and

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



second surfaces. The di e-down device is thermally connected to the
thermal Iy conductive layer(s). The frane nenber, which includes at |east a
first heat sink mounting |ocation, is connected to one of the fiq§§ @@ﬂ$4
second surfaces of the board adjacent to the edge. The heat sink |H T,
which is 15 cantilevered over the die-up electronic device fromthe at

| east one heat sink nounting |ocation, includes a portion which is adapted
to engage the die-up electrical device, a portion connected to the franme
menber to provide a conductive path fromthe die-up device to the frame
menber, and a convective cool i ng—pprtion. The thernmal nanagenent structure
al so includes 20 a cold wall. The frame nenber including neans for engagi ng

Frame. meteriopkaPoRRR¥ iR APl Trtdced BlRee) S SCBRER B Riche ai c-up

el ectronic device(s) 0 3 JUN 2004 -7- and those portions of the board
sur f ace(d8yiggéshvnshthenfearge aeggssang de thamally genneas thy digndp elestopiene necessary
to thermally connect the die-up electronic device(s) to the frame, to

t her eby deviveisietoathectsame otd therdmaprovids hacas thothe BoasPeciHaess @sr t esting
wi t hout renoval of the heat sink(s). 5 The novel features of the present

I nventi nr CYeToF] f.skiyll in the art upon

exam naﬁﬁs{ﬁ#cﬁbn:&ﬁgﬁﬁpl oW r{{g@é%(%‘}a%’ll ng.%se%égrsfr% |)bn of the invention or can
be | ear ned byl_ practice of theg'g esent invention. It should be understood,
however, thatThenBoYRitfaptuEes akdlie Ppseah inyention: Wilh beseme reppdenthe

those of skill in the art upon examination of the following detailed description of
the invention or can be leamed 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 foliow.

15 BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying figures, in which like reference. numerats refer to.
identical or functionally-similar elements th;'oughout the separate views and
which are incorporated in and form part of the specification, further iliustrate 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;




specific exanples presented, while indicating certain enbodi nents of the 10

present invention, are provided for illustration purposes only because
various changes and nodifications within the spirit and scope df 3 tJul 200
invention will becone apparent to those of skill in the art fromthe

detail ed description of the invention and clains that follow 15 BRIEF
DESCRI PTI ON OF THE DRAW NGS The acconpanying figures, in which |ike
reference nunerals refer to identical or functionally-simlar elenents

t hroughout the separate views and which are incorporated in and form part
of the specification, further illusgrate the present invention and,
together with the detail ed description of the invention, 20 serve to

expl ain the | DCl b ' Fi. IS, a.front
xpl oded por SRS 20 S SspRdRl TaiRlect Ta Bkl afesbBudt: " "hvent  on:
03 JUN 2004 --8 Figure 2 is a back expl oded perspective view of the wring
assenbl yhopPreseRbinkeRtist i nvention; Figure 3 is a front perspective view of
the wiring assenbly of the present invention; 5 Figure 4 is an enlarged,
partial end Figewe d id hefroni peeghentive Rigw @firtbe abiring hassprdent thavent i on;
Figure 5is a top plan view of a portion of the printed wring board of
present invention;
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




the present invention; Figure 6 is a perspective view of a conduction and
convention heat 10 sink (for a die-up conponent) cantilevered fromjust
one location on the assenbly frame; Figure 7 is a perspective vi @@
conduction and convection heat sink (for a die-up conponent) caﬂﬁ*@ gﬁ%d
fromtw spaced apart |ocations 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 showi ng the wiring assenbly of Figures 1 - 3 in an assenbly having a
cold wall. 20 DETAI LED DESCRI PTI GN 3O~ THE | NVENTI ON Wth reference to
Figure 1, printed wiring assenbly 11 includes a printed wiring board 13, a

frane ag tegrated conduction O 3 JUN 2004 -9 and
38 WhVecton A SRk 77!

convection is evident from Figure 4 _printed wiring board

13 (sonetine referredto I ncl udes, ter , a top layer of
i nsul ating elsi gyident from atgg‘t"@n‘ﬁl &/@Fe%ﬁ”'f'%[hoéﬂ nb3 Rreeti|es 23" and

thermal |y conductive layers 25 and 5 31. As those skilled in the art wll
appr eci atferre@WBas PWB) incluiep eintéragaua top layer of insulating material 21, a

bottom iayer of insulating material 23 and thermally conductive layers 25 and

5 31. As those skilled in the art will appreciate, PWB 13 will, depending upon
the complexity of the wired circuitry, inciude additional intermediate layers of
sighal, ground aﬁd 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 materiais including polyimide, FR4, thermont, fiberglass,
epoxy and combinations thereof. Preferably thermally conductive layer is
made of at least 1 0z. 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 (v-vhether die-up, die-down, discrete
surface mount and/or discrete through-hoie) can be mounted on PWB13. For
purposes of illustratioh, 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

MB4580WG, and intel i960RP P/N GCB80980RP3V33SL2GD; die-down




the conplexity of the wired circuitry, include additional internediate

| ayers of signal, ground and power conductors, such as indicated by |ayers
27 and 29, all interspersed by |ayers of |nsulat|ng material 33, 35 and
37. As those skilled in the art will also appreciate, some |ayer®3HRaigll
mul tiple functions 10 (e.g., thermal and ground, thermal and power). The
Insulating materials can be of a variety of materials including polyimde,
FR4, thernont, fiberglass, epoxy and conbinations thereof. Preferably
thermal Iy conductive layer is nade of at |least 1 oz. copper, although the
use of other thermally conductive-10aterials is possible as will be
apparent to those skilled in the art. 15 Alternatively, one or both of

thermal | vﬁggggﬁt.a)y&dé gauug&ﬁ =0 wz@go%oé@e%%agm%.%wface of

Iayers var i e ectroni c conponents her die-up,
di e-down, discrete surf ace nount and/or di scr e throu h- holeg can be

mount ed VohagsepReferesee gty 038R2-488944A stk i Qn & eOsp' ﬁ'@\rll N 41, 43, 45,

47 and 49 are nounted on 20 PWB13. Al so incl uded are di e-down devices 51
and 53. Q¥esH@1 B80I868IMHEan Finaltyl PEB M3t ioclndes BREGHEcter 5T SHEB @SPUAUSL,
Tundra Real Image PIN M4580W5 and Intel i 960RP PI N GC80960RP3V33SL2GD;

di e- dog&%u}a gJ{gdZQpAm&g PAESICES ?%6;19?@5‘6@%1@ crel Regulator PIN MC

29301- og Devi ces ol t age ference PIN 5962-728022A, and Q Tech
%CI lgl at or PlFIr\IamggggeHr%%k ’f?)g mc?udeM#ame po rPé S‘F\g% 16% cﬂiyd%lcﬁ connect or

uch as

typically, form a rectangle although other configurations are possible.
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 othe.r 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




manuf actured by Airborn PIN RM 422-196-192-9500-919. 5 Frane assenbly 15

I ncl udes frane portions 61, 63, 65 and 67 which, typically, forma
rectangl e al though ot her configurations are possible. Alumnumis a
preferred material. However, a variety of thermally conductive metgd gyN 004
conposites and plastics can be used. As expl ai ned bel ow, each portion

I ncludes a plurality of holes 69 for nounting one or nore heat sinks 10 17.
Assenbly 15 al so includes a pair of flanges 71 and 73 which, in turn, are
used to nmount wedgel ocks 75 and card ejectors 77. \Wedgel ocks 75 are

manuf actured by Cal mark (see, e.g-41U-S. patent No. 4,819,713). Assenbly

15 further includes, as best seen in Figure 2, three projections 81, 83 and

15" Fi nalepyps ouiiincs Ry BRIRENE w9 o 10 FER AR 16280 13 and

spacer strips 95 are secured to flanges 71 and 73 by a plurality of
machi neilygtratgd. 93 or ot her fasteners which pass through openings in strips
95 (not shown), openings in PAB 13, holes 91, and are secured in tapped

hol es (not sinwYefdrenyé BeFiglreseaaeRORKSt sifk 1 BRA¢IhfigdrddStoddvedlg0 secured to
projections 81, 83 and 85 by machine screws 97 whi ¢ch pass through holes 99

"ot or ongarredily, SrhANAE BPuFReT R, 2IP4E) 4L BTN oy 0 5

2004 -11 couple, for instance, thermally conductive |layer 25 to frane
assefrbl yWhich igrmade of aluminum o other suitable thermally conductive material,

includes spaced apart portions 101, 103 and 105 which are adapted to be
secured to frame portions 63 and 65, as illustrated in Fig'ure 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 vanation 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 conduc'tive epoxy) (not shown) is utilized.
Such gap filling materials are used to accommodate the height variational
toierances 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



il lustrated. Wth reference to Figures 1 and 2, heat sink 17 is configured
to overlay and thermally contact die-up devices 41, 43, 45, 47 and 49.

Heat sink 17, 5 which is nmade of al um num or other suitable thermally 04
conductive material, includes spaced apart portions 101, 103 and 10@ MW'W
are adapted to be 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 fromFigure 2, the thickness of

heat sink 17 does not have 10 to be uniform but includes a series of

pl anar surfaces 111, 113, 115, 1174gnd 119. This variation in thickness is
determ ned by the various heights of the conponents above the top surface
of print Wi ring bqgard ., .80 that each  surface i.s, | ose .proximty the
Cop”sur 2L bdyo 4 sidacs 123w shBesenhe 1obduRes o B 43R0 hnd 49y To
thermal |y connect, for instance, surface 119 with 15 the exposed surface of
conponeheld4a engagémentineyewitnby oachinegggrew i1biang caopeeatingltapeed). al uni num
oxide filled elastoners, thermally conductive grease, thermally conductive

wax, thepEBid s TORAIGAd ¥BnRREH)cooNAg, tﬁBQBﬁ)suirf%cé_e'tié lpkRded waHcd gap filling
ght variational tolerances of the

materials are used to acconmodate the hei

corrponen}s.“WH:u tgris gr% ngenent, heat sink 17 conducts 20 heat from

devi cesP¥I2tY 9" 0T DY g\ "49 to franme conponents 63 and 65. To provide

addi tional structural support or increase the thermal connection to PWB
13, heat si nkha EizeaandiFhapre ef fraoheatetinkil@mheat sindisé ds determingdJN 2004

the number and location of, for instance, die-up devices. With reference to

Figures 6, 7 and 8, alternate embodiments are illustrated. Figure 6 illustrates

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 sinké include fins 129 for convection
cooling.

As those skilled in the art will appreciate, ah 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




-12 121 having a surface 123 which engages the top surface of PWB 13 and is
“held in engagenent therewith by nmachine screw 125 and cooperating ta %ﬂ

hol e 127. To provi de convection cooling, the top surface is provi deonog/i HZQQL
.plurality of fins or pins 129. 5 The size and shape of the heat sink (or
heat sinks) is determned by the nunbgr and | ocation of, for instance,

di e-up devices. Wth reference to Fguteés 6, 7 and 8, alternate

enbodi ments are illustrated. Figure 6 illustrates a very sinple cantilever
mount ed desi4ford#47. Ths parnits thetgreatedt flexibility in thendesigpandilayous of the machi ne
screws (not shown) received in, preferably, to two or 10 nore adjacent (or

near |y adj aGHAbdndHE Hn"1Snted wifihg Bb8rd’ 18] WHid ahRiRY (ih-corbaBeth figat sink

bl
143 which is secured to franme menber 63 by nachine ‘screws 145 and secured

to frame nmenber 61 hy additional_machine screws 145 Figure 8 il]lustrates
heat o nk  THTERGRTERI, RAGSEY | PhrEeRinHa LT GSORRY Og3t PRt BEME; dichat for m
It can be a sinple, straight span. As illustrated, heat 15 sink 147 has

of f set por t prefesabiySli(af dimen eempdnents fferdnepgntioh @nd6B elecirical deating. tadstews 145)
and 151 (connected to franme nmenber 67 via machine screws (not shown)). All

the for egoi figwRerRs c§!_nP|EﬁehmbéI§iﬁerﬁtiéfﬁi dig8tritar desgivRCsdcRn indepehdagtly As t hose

skilled in the art w appreciate, an infinite variety of heat sink 20
configurati an, be, provided for, depending upon the nunber and | ocation
of the di e-‘ﬁgﬁﬁg\?ﬁﬁ@kg’ﬁs'ﬁ% 13. Heat sink 141 can be used alone, in

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 128) 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 includes card
guides 165 and 167, and cold walis 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 showﬁ). 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 168, 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



connection wth other cantilever heat sinks, or in connection wth heat
"sinks 03.-JUN 2004 -13- 143 or 147. This permts the greatest flexibilhﬁ¥ in
t he design and | ayout of the conponents on printed wring board 183 iWE
permtting (in contrast to the arrangenent disclosed by Tracy et al.)
access to at |east sone, and preferab§y all of the conponents for

i nspection and/or electrical testing. ﬁf_also 5 all ows for conponent

pl acenent and el ectrical design to occur independently of the heat sink
desi gn. As lignskeoding) frem the attashment iftgrfacagpetedionrne, heat sinks 17, 141,
143 and 147 cool die-up devices (and unpackaged el ectronic devices such as

Mcro Rel Driverhddif&dirintdand esamprsisedbriomdreimdare\draséritag td B8st and
conduction 10 cooling to the frane assenbly 15. The di e-down devi ces are

cooled via _conductive |ayers 2 [ ) :

i |l ustrated™P '&ﬁéﬁr%reﬁ?n B}Vfgﬂﬁ%ﬂ%\?‘mﬂr ?%é’tr %@Sﬁ%ﬁﬁﬁﬁﬁﬁgée("eé‘gi*\'}éﬂe% chassi s
161, such as used in avionics, ground, ship and space applications.

Chassi s 161enabi thess sidlied in i o3 make and Uiiize theriGvewian. wEase Sieigdand 171,
Convection cooling is 15 provided by noving air across fins 129. This could
be achi gvednbiherairtir Bbwedameilit revvgaizel thatetheaiforegbinge eldseriptionowind be
supplied by internal air novers (not shown) or external systens (not

ShorT: Dorguamdier ne0g WA bRsBfiBh WP ihe Plriole THRINER!arlfBRarBRT T )

contact betwee rame asse I nc I'ng wedge the card

ui des 165, 167 provided on housing, _ .. L . .
g only. ther variations and mo%lﬁcatlons of the present invention willi 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
contempiated 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 fult cognizance to

equivalents in all respects.




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 inclQdejuNmg,
or nore nmechanisnms by which heat is dissipated (e.g. secondary forced air,
forced 4 3 JUN 2004 -14 liquid cooli ng% fromthe attachnent interface (not
shown). The enbodi ments and exanpl es” $e¢t—forth herein are presented to best
explain the present invention and its practical application and to thereby
enabl e those skilled in the art tqumkes and utilize the invention. Those
skilled 5 in the art, however, will recognize that the foregoing

description and_ exanpl es have been presente r
illustration anfh@g inent 0y, an dpyRGHON Ay iwzﬂ'&]o%rg egélgsﬁ%ﬁrﬁ)%gﬁ |8If)ns of the
_present invention will be apparent to those of skill in the art, and it is

t he i nt ent rigtit i¢ blairagp areddefinet aisfellowtshat such variations and nodifications
be covered. The description as set forth 10 is not intended to be

exhaustive or to lim P&h&imdINendigeidrbnsydvbimy fonoeletireaiti ons and
variations are E’oss%{le‘r{lﬁﬁgrﬁéght of the above teac¥1i ng w thout departing

fromthe spirit and scope of the following clainms, |t i . ated t hat
the useS of devigepr BeMGNg Hrswp | K E’?ﬁd‘?‘ﬁ@o%?%tr %pd(?ﬁgﬁ?s%"m%ﬂgﬁgng%fferent
characteristics. It is intended that the scope of the present 15 invention
be defi nedmuuntdt ol ai printedpeitihgdbhandetsaid gheimgy MaPRIBBEAT z 8Lt o
equi valents in all respects. 0 3 JUN 2004
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.




_15 CLAIMS The enbodi nents of an invention in which an exclusive property
‘or right is clainmed are-defined as follows: 1. An integrated ther@guu 2004
managenent systemfor electronic 5 devices, including die-up and dle-gomm
. el ectronic devices, which can be mounfed on a printed wiring board, said

t hermal managenment system conprising: a printed wring board for
supporting electronic devices, said board having a first surface, a second
surface and a cdhti nddgdhedmrl manrgement spstrbecef Glging 4i firihier dtcluthag &econd
surfaces, said board also including a thermally conductive |ayer in

communi cat i gd Walllhsaib drapie RieptbeMindcinding orshs fot ehgagihg @arl ebie-wall t©l ectroni c
device and at | east one die-down electronic device nounted on at |east one
of said fir 5 ' £3, Ld. die- i bei mal |y
connect ed tpzrgg'glgga frﬁegrr?@gk{ ?§ﬁ(§clg°?1'g§c?t() ﬁ@%‘q@ 'F%tg”g%ﬁ S%a/?réﬁn’& ﬁrr'gﬁﬂ)g? r‘]’@l(é)jnnect ed
to one of said first and second surfaces adjacent to said edge, said frane
havi ng at |s®igeold walk st heat sink mounting |ocation; and a heat sink, said
heat sink including a portion which is adapted to 20 engage said die-up

el ectrisal device, said heat sink further including a portion connected to
said frame nmenber to provide a conductive path fromsaid die-

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.




up electronic device to said frame nmenber. 0 3 JUN 2004 -16 2. The thernal
"managenent systemof Caiml1, further including a cold wall, said frane
menber including nmeans for engaging said cold wall to provide a th rJHﬂIw%
- conductive connection between said fraee menber and said cold wall. 5 3.
The thermal managenent systemof Claiml, wherein said heat sink is
cantil evered over said die-up electronic device fromsaid first heat sink
mounting | ocati &n. 10hg. thereat meEnagieeah systasmt ofs Géaimml ofwhgrainnsaid wher ei n
said heat sink is connected to said die-up electronic device via a

thermal |y ¢aintkichémber imdidddsak. séconthfebih einkBnolinfiing ao€stions i@ mraf C aim
4, wherein said 15 thermally conductive material is alum numoxide filled

Cher mal Ty (SRRt e SERalHed Yoff BRNCHActRITEERRT, RSB sRRDBNE 17 6
The thermal managenment systemof Claim1l, wherein said franme nenber

i ncl udes a SH¥ciEPReRed diynsaiddiame Ah bribceaid dirst angd epifjsespnd heat sink

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 Ieast' 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.




| ocation being separated fromsaid second | ocation, and wherein said heat
"sink is supported by said frame at both said first and said second Bs]a N 2004
sink 5 nmounting locations. 7. The thermal nmanagenent systemof Ca )
-wherein said frame nenber includes a fjrst 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 franme portions. 8. The

t hermal managenert syd€ethesmaliraaragemeiesystemsal &laithds mherpinc sauct i ve

| ayer is captured between at |east two electrically insulative |ayers. 15
9. The t herthaimaihnegrietive Soar dontiodrmi@diigiconhecteabedaid $antk Viactheahhly
conductive layer is on at |east one of said first and second surfaces. 10.
The ther nalvciigganagenent systemof Claiml1l, wherein said 20 printed wiring
board includes a plurality of thermally conductive |ayers. 0 3 JUN 2004
-18--- 11. The thermal nmanagenent systemof Claim1, wherein said thermally
conductive layer is thermally connected to said franme via thermal vias. 5
12. The thermal managenent systemof Claim 1, wherein said frame is

conti nudus wi th 1gai d Thegtheumal Iazchdeosard systarht ofc idalnt d, seheleinr agi

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.




in a manner that provides additional stiffness to said board. 13. The
“thermal managenent systemof Claim 1, wherein said heat 10 sink further
conprises a convective cooling portion. 14. The thernmal nanagement syt dbN 2004
of Claim 12 wherein said convective cogfing portion includes a plurality of
projections. 15 15. The thernmal managenent systemof Claim1l, wherein said
heat sink covers only said at |east one die-up electronic device and those
portions of sail® fifstheimal seanagenat rdicstire donetastronicadenicese sdichone

di e-up electronic device and said frame necessary to thermally connect
said at | eagin ®eensbunted!foreleeqirinted avideyitseard0 sarl dhérfrifemah@géheneby
provi de access to said first and 20 second surface for inspection or
testing wt .of said heat sink. 0 3:JUN 2004 -19 16. A thernal
nanagenentE@@%&ﬁ%ﬁggﬁggygﬁlectronic devi ces which can be nounted on a
printed wiring board, said thermal managenent structure conprising: a
printed wiring Bolfatedowiriigpbesrdi ieg stpeettingneleciienic [deyicesaisgidbapd 5
having a first surface, a second surface and a continuous edge

i nt er cosnedavirg sai dirdti rssitfaeed s esecuhds uslirtapes;arat & eashtimuisel eiger oni C
devi ce mounted on one of said first and second surfaces; a frame nmenber

connect ed tieftihngktisgsSid firétinddtdong SARAcSYT f aces

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
jocation;

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.




10 adjacent to said edge, said franme having at |east one heat simﬁ ﬂp'ng
'l ocation; a heat sink, said heat sink including a portion which i's adapted
to engage said electrical device, said heat sink further including a
portion connected to said frame nenbey,to provide a conductive path from
said 15 electronic device to said frane nmenber, said heat sink al so

including a convective cooling portion; and a cold wall, said franme nenber
i ncl udi ng neans Yor Jigatheigat managesient iysten ef gelgim dib, awbereimsiidy
conductive, connection between said frame nenber and said cold wall. 20

17. The t heslsetroniadageawnan sypsckagel etdaiomicldevioder ei n sai d el ectronic
device is a die-up device. 0 3 JUN 2004 -20 18. The thermal nmanagenent
system of Claim 15, wherein said electronic device is an unpackaged

el ectroni c devi ce.





