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FI BER COWPCSI TE HEAT SPREADERS BACKGROUND Fiel d of the Inventi g i s-
i nvention relates to sem conductor generally, and nore specifically, to
heat spweante@si®echnol ogy for heat dissipation in a senPCHHBUSOHM2 package.
10 Description of the Related Art There is a trend toward increasing the

nunber of functions built into a lven integrated circuit (also referred
to herein as a devi%%’?Boﬁrﬁ%‘??@@lﬂ'&goﬁrMEJﬁLI“gABﬁE’Né:AQﬁﬁg density of
circuits in the device. Al GAYPRISITE HBAT SABEARERE circuit density, there is
al ways a desire to increase the data processing rate; therefore, the clock
speed of the device is increased as well. As the density of circuits and

t he Cl%&Cﬁ@f@U. rease, the anmount of heat generated. by the device
I ncreases. AT ortunately, device reliability and performance will decrease

as the armun%. ?f ga" t}eat htlhat the device is exposed to increases.
Therefore, |98t PG hat there be an efficient heat rempval system

assoCi ated wi th integrated circuits, Figure 1 illustrates a typical

i ntegrated cihsiittensing relsis i EOEEOTEER BATRUACHTRE BFCAFRCEY nunber of et hods
for renmoving heat fromintegrated circuits 103, including active nethods,
such as gkaarallprandanorespedfiedyctodieanspreidentechnology for heat dissipation

in a semiconductor package.
10 Description of the Related Art

There is a trend toward increasing the number of functions built into a

given integrated circuit (also referred to herein as a device). This results in an

15 increasing density of circuits in the device. Along with the increased circuit
density, there is always a desire to increase the data processing rate; therefore, the
clock speed of the device is increased as well. As the density of circuits and the |
clock speed increase, the amount of heat generated by the device increases.
Unfortunately, device reliability and performance will decrease as the amount of

20 heat that the device is exposed to increases. Therefore, it is critical that there be an
efficient heat-removal system associated with integrated circuits.

Figure 1 illustrates a typical integrated circuit and associated
packaging. There are a number of methods for removing heat from integrated
circuits 103, including active methods, such as fans or recirculated coolants (not

25 shown), or passive methods, such as heat sinks 107 and heat spreaders 105.

Because of the decreasing device 103 size, there is usually a need to evenly



25 shown), or passive nethods, such as heat sinks 107 and heat s re%ﬂ&é
* 105. Because of the decreasing device 103 size, there is usual I}})Ba 095)
evenly I 1 5 MAR 2f 5 WD 02/26479 PCTI US0] 1303S S Z distribute heat
gener at @& Ryclifse small device 103 to the |arger heat simkTAB7/30852 el i m nate
"hot spots" in the device. This is the function of heat spreaders 105. Heat
spreaders are coupled to the integrated circuit 103 through the use of a
t her mal | gistgiediRdat gendrated biyahe 404l dFtiesH3ttheherakgerieat finkBW7tat eri al s 104,
such as 5 gel or grease containing netal particles to inprove heat

conduct i on. are4apnl i84mie dBRLICES & 1Re HEVHER ol Rt 8paliie 1At spr eadi ng

structure to I nprove t?’ue heat transfer fromthe integrated circuit 103

to the heat spreader 105. Typical,l t.he ' ucture 105 will
be constierteREEadriREs ctPled @hyﬁ‘tﬁ&ﬁg’fﬂéﬁ at}?@% ﬂgr%gr@@ aelr\%e?t%h as al um num
or copper. Aluminumis preferred froma cqst 10 standpoint, as it is easy
and cheahermmallymonfiacti e wateralkite ﬂ?le%sfh@malh%féffaF%‘&étepﬁg"’tl%@é}dést 0 be
transferred increases, copper becones the netal of choice because of its
supersi Orge\RfrehicAnatAfinghaetalgatitlas odmpEbechdat eomdicticonataeppiiddip for Al is
- 250 nK vs -395 WMWK for Cu.) There will typically be a contiguous wall

106 _ar g {ihe REVL-00) dnhelrhis fiaiaspioadare 10610 ahipheishar a point of

attachne support between'the substrate 101 and- the spreader 105.

There i s%(r)‘f ezﬁ"%b e%wé;saitg{g%%ﬁ%ttg&gqgea%g%,tegg?rh%?%g§ﬁlc§ﬁdg{e 105, to all ow

for-the y associ a W “surface area of

the heat sink 107. Wth increased heat djssi pa%ion requi remfnt_s, It has
becone heatspseading strugtiya W evil becongiruchebpithny of 2 ferpoir DRI T fik 107

) per f ormance. Wil e inproving
metal, such as aluminum or copper. Aluminum is preferred from a cost

10  standpoint, as it is easy and cheap to manufacture; however, as the heatload that
needs to be transferred increases, copper becomes the metal of choice because of
its superior heat transfer characteristics (the thermal conductivity for Al is ~250
W/m-K vs ~395 W/M-K for Cu.) There will typically be a contiguous wall '106 _
around the periphery of the heat spreader, which serves as a point of attachment

15  and support between the substrate 101 and the spreader 105. There is often a heat
sink 107 attached to the heat spreader 105, to allow for the greater cooling

) | capacity associated with ﬁhe high-surface area of the heat sink 107.
With increased heat dissipation requirements, it has become necessary to
improve heat spreader 105 and/or heat sink 107 performance. While improving

20 heat sink performance through active cooling methods such as fans or
recirculated liquids works well, there are a number of disadvantages associated

with this solution, including bulkiness, cost and noise.



20 heat sink performance through active cooling nmethods such as fans or

« recirculated liquids works well, there are a nunber of disadvantages
associated wth this solution, including bul kiness, cost and noise. 2 WD
02/ 2647yo Pspldi#01/ 30352 A second met hod for increasi ng PEFAISOUPESSEE pat i on
capacity for integrated circuit packaging is through inprovenent of heat
spreader performance. Current., heat spreader nmaterials allow for heat
conducti on i nAkb@nkdanghod foifekadny heatidissiprtign ceparity foristegzted one net hod
of increasing the rate of heat conduction in heat 5 spreaders 20l1la, 201b.
Figure 2a ' bntdiheaGpkeadel perfdrivhance FCguest 2b
illust ra%'ééﬁp c%ggéggse%#%}p%%ﬁfﬂgﬂsane h?ajsfp spregder 201b. Conposites
usi ng layers of highly, conductiye_.car . L. fotbwi/gReiegnat ed with
car bon ré%qtﬁPWF‘d%g‘éTe?a%@@?’ 6%‘ at&?%g‘g%&’f\lﬁggﬁ)éﬁo%g%g{g@effeétﬁFvlg conduct or s
of heat. These materials also offer the addedf' advant.age of Iitght er wei ght
as 10 cofigareZillustrates ope methnd phirerensing thegalg of heatondpctigyndiest ) o ¢ or "y
matrix conposite versus 8.9 g/cc for copper), decreasing packagi ng weight,

~ shi pps NQspreRts 861, 20T Fighte B4 guna wpadeant abes spradaudtit 261 | ng
personnel”. However, these materials have suffered fromthe di sadvantage of

De1 N0 a1 gt AP Rklits o OBl i\t aRépehawant BUSokposiar o 1 ypi cal |y

hi ghl'y co 15 K) in only one direction. The direction of
heat conductjon fall, t he 1 ongitudinal [ ' fedG@tpon fibers,
t her ef or &SRHRYEH ‘tfihn’éms’ F%‘glfcq‘(gégrbf)f‘g{\;'@e’l%sm% 2?2% Si‘f‘i’&g? the majority of the
fibers in the conmposite being oriented éﬁg{ one _&i recti O@ﬁi 'I;hg)
af or enentarorertsirdwametalyd3aZB3b predaH Rereditst SB§FEYR So0M LG hnt age of poor
..y heat conduction in both the second horizontal and the
' heat. These materials also offer the added advantage of lighter weight as
10  compared to the present materials (e.g. a density of 5.9 g/ cc for Cu matrix
composite versus 8.9 g/ cc for copper), decreasing packaging weight, shipping
cost and offering ergonomic advantages for manufacturing personnel. However,
these materials have suffered from the disadvantage of being anisotropically
oriented in their heat flow, thus they are typically highly conductive (> 500 W/m-
15 °K)in only one direction. The direction of heat conduction follows the
longitudinal orientation of carbon fibers, therefore the unidirectional heat flow is
) . aresult of the majority of the fibers in the composite being oriented in one

direction. The aforemeritioned advantages are often outweighed by the

disadvantage of poor heat conduction in both the second horizontal and the

20 vertical directions.



20 vertical directions. 3 1 5 MAR 2005 WD 02/ 26-179 PCT/UﬁQQ”i&i%@
* Therefore, what is needed is an apparatus for increasing t r BDheat
transfer in all three directions, allow ng the rapid dissipation of heat

t hr oughwid@el@at spreader and to the heat sink. 4 15 MRRTABOB30WER 02/ 26479
PCTI1 US01130352 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
illustrated by way of exanple, and not linmtation, in the Figures of the
acconpanyi ng Theswfore sviiat isneedbd isEngpparausspvimsrenspg the rateof hetegr at ed
circuit package design. 5 Figure 2a shows a prior art heat spreader

desi gn. E’%ﬁéﬂéﬁn%h BRI RH6A0 8BowRE thefap@d didsiphtion ofidat lieeligls freeader
desi gn. Igure 3 shows a cross section of an integrated circuit package

cont ai ni an_enbodi t.of eat spreader using carbon fibers to spread
heat in ﬁ%\tf‘f’rﬁfigerﬁ%ﬁgf’gﬁ%.s O Figure 4a shows a top view of an

enbodi ment of a heat spreader using carbon fibers to spread heat i.n

mul ti pl e di nensions Figure 4b shows a cross-section of an enbodi nent of a

heat spreader using carbon fibers to spread heat in nultiple dinensions
Figure 5 shows a different enbodi nent of a heat spreader using carbon



15 fibers to spread heat in nmultiple dinmensions. Figure 6 sh?\ﬁs @?ﬁ
enbodi nent of a heat spreader using carbon fibers to spread eg wy g005

mul tiple di mensions where there are thermal interface |ayers on the top
and bot mampmicstshe heat spreader to nodify heat dissi pat iP&T/@ERLBGSENCY.
Figure 7 shows an enbodi nent of a heat spreader using carbon fibers to 20
spread heat in nultiple dinensions that contains chopped fibers in between
the hor BRIEF RIESGRIFTIOBM/QF THEDRAWINES52005 WO 02126479 PCTI USOL/ 3032
Figure 8a shows top and side views of an enbodi nent of a heat spreader

usi ng carbon Thdgreseritenviptiondk iMieatratied bywtdyi gfleardpleemsd noslimitatiodhas at t ached
standoffs. Figure 8b shows top and side views of differing enbodi nents of

st andof f Hﬁﬁg &llgan-!l;%s%“g{;&@ader of Figure 8a. Figure 9
shows ané}%éégé"g%‘c’egﬁg??%&t pgc age, containing an enbodi nent of a heat

Contai ns & pIAEE 1 o0 3 RS GHEIUERER T CL P AL R 3005 WD 09 26470
| PCT/ USO , /3032 DETAI LED DESCRI PTI ON An apparatus for increasing the rate
of heat fl ow Figumigishawhegrios prickagbypreader design. -
Figure 2b shows a cross-section of a prior art heat spreader design.
Figure 3 shows a cross section of an integrated circuit package coz;taining
an embodiment of a heat spreader using carbon fibers .to spread heat in multiple
dimensions.
iy Figure 4a shows a top view of an embodiment of a heat spreader using
carbon fibers to spread heat in multiple dimensions
Figure 4b shows a créss-section of an embodiment of a heat spreader using
carbon fibers to spread heat in multiple dimensions
Figure 5 shows a different embodiment of a heat spreader using carbon
15 fibers to spread heat in multiple dimensions. |
Figure 6 shows an embodiment of a heat spreader using carbon fibers to
si)read heat in multiple dimensions where there are thermal interface layers on
the top and bottom of the heat spreader to modify heat dissipation efficiency.

Figure 7 shows an embodiment of a heat spreader using carbon fibers to

20  spread heat in multiple dimensions that contains chopped fibers in between the

horizontal fiber layers.



5 described. In the follow ng description, nunerous specific details are
set forth such as material types, dinensions, etc., in ordle5 ﬁﬂgp{gﬂgi de a
t horough understanding of the present invention. However, 1t Wl e
obvi ouswbazegwee of skill in the art that the invention WEHUS/3pISACti ced
W thout these specific details. In other instances, well-known el enents
and processing techni ques have not been 10 shown in particular detail in
order to avoFikunnBeshesedoplandeblcdewngf arrrmbdiment of 3 Reat§PTedASr A heat
spreader, conprised of a plurality of carbon fibers oriented in a
pl ur al i 4y efcathonGlek PR Spraid Kead irCatRple Gimereionb thtthas attadtedr i al di sper sed
about the “fibers, is described. The carbon fibers facilitate the spreading
of heatﬁ%\é\g ﬂ:from 15 the smal |l er sem conductor device and up to a | arger
heat re Yevice, such as a heat sink. This discussion will mai nly be
limted to those needs associated wth_ ,renoving heat fr backsi de of
a flip chip ¥Figare Slxshoyten apds %Vlswéﬁﬁrd‘%‘érgmﬁﬁm%& R F’P%pP‘;“?ﬁ%fﬁ be ,
recogni zed, however, that such focus is for descriptive 20 purposes only
and $hathdthen hepsadognuhedmel spaedvied of BRUTe®. present i nvention are applicable
to other types of electronic devices and other types of packaging. Figure
3 il ustrat efgaredd SowsHihtapRatet et packagericontathing an epdokagentiof one
enbodi ment of "t he present i-nvention. The package includes a substrate 301 7
15 MAR 2?10% spRadar 88:‘% gm@&['ﬁﬁ)?%@ols fe%g:féa?inriﬁmﬁg% AnSBilone Wik or devi ce

& n-a fop ur thg 1. _

303 nouf ace o substrate 3

contains a plurality of integrated circuits.




I n one enbodi nent the substrate 301 is a printed circuit b?gﬂdm\ | n_apot her
enbodi nent, the substrate 301 may be a different material, hiagl@ 1 i con
or ceramc. 5 In one enbodi ment, the sem conductor device 303 is

mechani calolgg/zarrd el ectrically coupled to the top surfackCHESEBEBIZubstrate
via a plurality of solder bunp connections 302. In an enbodi nent the gap
may be filled with an epoxy wunderfill material (not shown). The substrate
301 contains at |east one wiring |ayer (not shown) that electrically
connects the device to pins or balls located 10 along the bottom surface

of the substr@eraQED bEsaripriaNce with the present invention, a.
conposite heat spreader 305 is thermally coupled to the bottomof the flip
chip structure 302,303 through a conpliant heat transfer nedium 304. In

one enbodi nent,, the heat transt i i f,,l}g{, anot her
enbodi nment , génaé’rpaﬁ %Eror&%%afsfng%ﬁegﬁ%yggjrﬁnlﬂ atldﬁélé?rfﬁ%q%gmaggr. The heat
spreader is further attached to_ the substrat egﬂlﬁifg& seal ?é];[ mat eri al
307. Phe desarbed: IndhedpHoningateseription, RECCTS SREVRCEetalRate s 0 s t he gap
between the substrate 301 and the heat spreader 305, forming a conpletely
encl osed saelviad matoial gipes, dimehsone ¢ice i GO8T toprevidea thpraugh seal ant materi al
307 20 allows for a nore flexible bond between the substrate 301 and the
heat spregdefstand@y of the pRReRIThOS BN HiWeves dblvillbe stntions &l oneeyf be silicone

or other proprietary sealant material. The flexible bond may help to
conpensatgf;oty Aib hek ul%ndedtion MARLZ BRRENA ARAGARSse dpeditit'dekiig 0352
In other instances, well-known elements aﬁd proces.sing techniques have not been
10  shown in particular detail in order to avoid unnecessarily obscuring the present
invention.

A heat spreader, comprised of a plurality of carbon fibers oriented in a
plurality of directions, with a carbon or metal matrix material dispersed about the
fibers, is described. The carbon fibers rfac:ilitate the spreading of heat away from

15 the smallefsemicondﬁctor device and ﬁp toa larger heat removal device, such as ‘_
a heat sink. | |

This discussio-n will mainly be limited to thﬁse needs associated with
removing heat froﬁl th.é Baéksfde of ?1 flip chip that is'housed within a SMT or INT
package. It will be recognized, hm'/vev.er, thaf such focus is for descriptive

20  purposes only and tha't the apparétus and mefhods of the present invention are
applicablé to otﬂer t'ypes"of electronic devlit.:es and other types of packaging.

Figure 3 illustrates a cross-section view of a semiconductor package in one

embodixinent of the present invention. The patkage includes a substrate 301

7



coefficients of thermal expansion (CTE) between the heat spreader and the
substrate, resulting in a nore consistent heat conduction p&t MARy 2008 second
advant age of the current enbodinment is that the sealant is much lighter in
wei ght wapsmpaiRrd to the netal used in the prior art con®PCHESOE30Ea1 | ( See
Figure 1,106) 5 design, resulting in a lighter package. Next, a heat sink
306 is attached to the heat spreader 305 using a thermal interface

mat er i al h388g a bénieoRdeidiattivire#03 tidintéchen anidp surfase Phide swketsate 201-308 i s

t hermal grease. The heat sink 306 should allow for the nore rapid

di ssi paty 1iaREEAaS § Hriskd @k Qitdoeal. faraneteki ng, as
di scussel!c'i.l il b@%@?ﬁgﬁ%ﬂ% fo secti gn above. Figures 4a (top view) and 4b

(cross-sectignal vie fur r il ust. . th SPLEAGes, of Figure 3.
The heate”glbﬁ‘“g%ﬁ@?' d%%%fu%égﬂf%ayfb&a%%@ ’%e?l(t)%ggenacﬁzl’%%poé?te material conprised
either of. carbon fibers 402a, 404a, 405 a, 4026; 404b, 405b i npregnated

with a reesamichateri al 403a, 403b(referred to as a carbon/carbon 15
conposite) or carbon fibers 402a, 404a, 405a, 402b, 404b, 405b inpregnated

g

withsa metalinehe smbedinkint,alie d@BRond@3tr devadedion évmedhanically #dal / car bon
conposite). In one enbodinent of the present invention, a carbon/copper

COMPOS| e Ay cBlipled o HibA6p shAHENGTthe bubsiad Vieh phualic ofwidert he conposi e

my use a ren ermal |y conductive matrix metal, such as al um num or
T e O L S o s s sy, o o
SO PSS e I v s
layer (not shown) that electrically connects the device to pin; or balls located
10  along the bottom surface of the substrate 301.
In accordance with the present invention, a composite heat spreader 305 is
thermally coupled to the bottom of the flip chip structure 302, 303 through a
compliant heat-transfer medium 304. In one embodiment, the heat transfer
medium is thermal gfease. In another embodiment, gel.or other proprietary
15 formulations may be used.

The heat spreader is further attached to the substrate using a sealant
material 307. The sealant matexial 307 surrounds the &evice 303 and fills the gap
between the substrate 301 and the heat spreader 305, forming a c‘ompleteiy
enclosed cavity containing the device 303. The use of the sealant material 307
20  allows for a more flexible bond between the substrate 301 and the heat spreader

305. In one embodiment the sealant material may be silicone or other proprietary

sealant material. The flexible bond may help to compensate for differing



WO 02/ 26479 PCTIUSOL /30352 netal/conposite material with the previous heat
spreader material may allow the wuse of the sane adhesive .ﬂra ﬁ,‘ggr 2@5 gr ease
system as previously used, thus sinplifying the conversioh™p e from
one heatwepseader nmaterial to another. A second factor r@X/usMSIB2r in
choosing the type of conposite material to use is the 5 CI1'E of the
substrate material. It may be possible to better match the CTZE of the

heat spr gggBFiemiston tiidiaihl &fpahfiengAE] betiveen thlelhewt spgedder atdiéhepr oducti on of a
nore reliable package. In the present enbodi nent, the heat spreader

t ai ' tal..| f ' : 402a, 404D,
Cons st RPBREE aE bRt a e cort P n o GR b R AN R eaen |

ar sets 10 fi bér bundl es woven into a

heet, iented in the x-y plane of, th . i b
Dunal s PAGAECRIEN GRS SHPEERBRL s HEHE ey raeh Lo ARl *°" o o

Is a second set of fiber bundles 405a, 405b, oriented substantially

.per pendi corhparetido theemeétat wsedsintthe prier augpentigmonamall (pre fewes & &P8r fi ber

bundles facilitate the conduction of heat in the z-direction. 15 In the
present gahedizaRiting inhetiflitbepadiupell es are conprised of approximately 1000
i ndi vidual carbon fibers twisted into a fiber bundle. These bundles of

fibers are t %&thg#_gﬁ%ﬁﬁg% a{]ﬂl%? to B h\éﬁ@%@edd&rﬁﬁﬁuﬁﬁ@ﬁ@lﬁ&m{awem I on

shoul d be bal ariced, oduce a flatter t spreader. The weave may be

bal anced, by attenpti to ensure t.hat-the,fiber. oL x-y plane
of the 2B¢HEAE P%%ﬁ%e&%ﬂﬁﬁ%ew %%eggﬁeﬁtﬁtfg%ee#‘ oé d%%r d stitches
as up. In one enbodi ment, the individual carbon fi beéa, have a di ameter of
appr oxi nteshyl gregseniThe beat sing 306 shoylchaliqw fositheymorg rapid digsipation gl 1y o
enbodi nent, the fibers may 10 :

heat due to increased surface area for cooling, as discussed in the Background

. 10 section above.

Figures 4a (top view) and 4b (cross-sectional view) further illustrate the
heat spreader of Figure 3. The heat spreader 305a, 305b is formed from a
composite material comprised either of carbon fibers 402a, 404a, 405 a, 402b,404b, -
405b impregnated with a resin material 403a, 403b(referred to as a carbon/carbon
15 composite) or carbon fibers 402a, 404a, 405a, 402b, 404b, 405b impregnated with a -
metal or metal alloy 403a, 403b (referred to as a metal/ carbon composite). In one
embodiment of the present invention, a carbon/copper composite material is
used. Howeﬁer, in another embodiment, the composite may use a different
~ thermally conductive matrix metal, such as aluminum or magnesjum, a metal
20 alloy, a ceramic, such as silicon carbide, or an organic material, such as resin. -
One factor in the choice of what composite material to use may be what

material had been-used previously in the packaging process. Matching the

9



15 MAR 2005 WO 02/ 26479 PCT/USQA /3035Z have a thermal conductivity as |dgh
as 1000 Wm K. one exanple of conunercially available c r%qﬂﬁ%@ﬂ S
Anpbco K1100 2KTm Wil e carbon fibers are discussed in thi rent ,

ot her twaessmhi7oni ghly conductive (> 500 WmK ) fibersPOT/USrEs;2 based on
materials such as polyners, nmetals or ceramics, may 5 work in the present

i nvention. In a different enbodinent, the fibers may have very different
physi cal maad)/ @nipist: atadrid Wohahé pasiowitkat stereaden wettried mnat alled thephy si cal
properties should not be construed as |imting the properties of the

fibrous [t rtf;}i{‘%a%l/éjgrﬂ%aivz%?H\‘é@%ﬁﬁg&é&%ﬁ;‘séﬂ%tﬁgﬁF)ﬁsl hgay ity egnated with a

nmetal , neta carbon or°ceramc matrix naterial, as discussed

above. The trix material nma e di spersed about ,th hgets using a
nunber CTTRIFABE &3 CORKEIFHRPTOGESS gﬂ?‘sonegkf%gﬂ?rﬁ% ,maée%agr%%e@g‘f’% ngrml di ng

met hod is used. In another enbodinent, injection nolding or any of a
mul ti t udecarid fastatite gorpides isdwosipgdbe fymedt compREtespateriallp use lﬁf‘g@d . The

nol ded material maybe allowed to cure, and then, if 15 necessary, -could be
cut 50 tAEE 6PHeaubsiehta RSN St nlay pesbhldohetter match dseCIHBwy thdve used to
cut the conposite material. h-i another -enbodinment, a nechanical neaxts,

such-as 3,8 eQ%%r’SEB% g&goﬂﬁe WSEstratel BROWER fof BleG@Bkctioh dfaamby T ent

i nventi on provi etter conduction”™ of heat in the z-direction, with
a possible gher | conductivity in the range of 500- 20 1000 Wm K. In the
present r%‘ﬂﬁ?%l?ﬁ&%@?' a finned heat sink can be attached to the top surface

of the heat spreader. Through the use fibers ori en&ltejd in direction,

heat can be dorbepresentemboditaentntheteahipipadss cenigys B‘Z?ﬂ@i ﬁgﬁé%ﬂ nk,

fiber bundles 402a, 404a. and 402a, 404b, consisting of two perpendicular sets of

10 fiber bundles woven into a sheet, oriented in the x-y plane of the apparatus.
These woven fiber bundles facilitate heat conduction in the x-y plane. In addition,
there is a second set of fiber bundles .405a, 405b, oriented substantially
perpendicular to the first set. The substantially perpen&icula: fiber bundles
facilitate the conduction of heat in the z-direction.

15 In the present embodiment, the fiber bundles are comprised of
approximately 1000 individual carbon fibers twisted into a fiber bundle. These
bundles of fibers are then woven into a sheet. The weave in the present invention
should be balanced, to produce a flatter heat spreader. The weave may be
balanced by attempting to ensure that the fibers throughout the x-y plane of the

20 woven mat have s’ul;stanﬁally the same number of downward stitches as up. In
one embodiment, the individual carbon fibers have a diameter of approximately

10 microns, with a density of about 2.2 g/cc. In this embodiment, the fibers may

10



11 1 5 MAR 2005 WD 02/ 26479 PCT/USO /30352 and the heat S &e/zghgsi pat ed
to the surrounding environnent, with cooling for the sif ;}ﬂ i by the
surrounding air or an active cooling nmethod, as discussed in the
Backgrouwnd ozyeatd on. In addition, the fibers oriented in REUSEIBPSP| ane 402
a, 402b, 403a, and 403b 5 allow the heat to dissipate radially, thus
preventing the formation of |ocalized not spots. Localized heating

decr easegaddieiiRbRal @ndukadtyeasiiagh aeH00tWAmsiK.eOne wirinaple oflecr eases t he
overall heat flux fromthe device. , The fibers in the x-y plane 402 a,

402b, 4038, ARG bl QbR EiePRUSELESIKIRDL R0, Walledaybli sisepal e from t he

rel ativef?/ S act area 1n the point of attachnent of the device to

the heat 10 spreader,. over virtually the gntire {la r fi t he heat
spr eader ?feﬂ%%ls?ﬁé]alﬁﬁste%f’d%ﬂlt %ﬁywe? %ﬁ.b 5%‘3 Cﬁé‘(j: "rtgrr’%r% 52‘? ?\?/c@e:((nt ly.
Figure 5 illustrates that the orientation of the fibers in the z-direction
may di f)fers powitehebasebemmiatarials sshas palyarara el OF CHRPUR B¥ve. In this
enbodi ment, the fibers in the z-axis 502 may be oriented at approxi mately
+/ - 3 dpeseRstht paBentipvéithel dniantiffrenkeyb@limeet, 50Stbdrs may-ltwebe
under st ood, however, that the relative orientation in the z-direction may

compr i e, 30v;Aah e MRIWPER Snfiidiotial pertdeinthe AbOVE ibbanl anit Dl ane. In a

third enbo I nventi on, hmay be desirable to include a higher

density thermal interf I th . f. the heat
20" <pr oRIPCLRIARE PG PE B g AR AR RL AR DT [ he e

interface | ayer 601 could conprise the same carbon fiber material used in
t he aboVibrong ewieriss used. o

The woven fiber sheets are then impregnated with a metal, metal alloy,

10 carbon or ceramic matrix material, as discussed above. The matrix material may
be dispersed about the woven sheets using a number of different methods. In this
embodiment, a compression molding method is used. In ancther embodiment,
injection molding or any of 2 mulititude of molding processes practiced in the art
may be used.  The molded material may be allowed to cure, and then, if

15 necessary, could be cut to the correct dimensions. Inan embodiment, a laser may
be used to cut the composite material. In another-embodiment, a mechanical
means, such as a saw or mill, may be used.

The heat spreader in the current invention provides for better conduction
| of heat in the z-direction, with a possible thermal conductivity in the range of 500-

20 1000 W/m-K. In the present embodiment, a finned heat sink can be attached to

the top suxface of the heat spreader. Through the use fibers oriented in the z-

'direction; heat can be conducted up through the heat spreader to the heat sink,
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603, only with an increased fiber density fromthat used in g@e n%i n Body
of the 12 1 5 MAR 2005 WD 02/ 26479 PCTI USO /30352 heat spredderM&9200pn an
enbodi ment, the fiber density in the thermal interface |ayer 601 may be
four timeeothatsoof the nmain body 603. Wile this enbodi neER/USHEY3A2SE t he
same fiber as the above enbodi nents, it is understood that other thermally
conductive materials may al so be used as the thernmal interface material, 5
i ncl udi ngndahe heatpas bt diskiphteditalise surmowdidihg éroirontrieat, it eeolthgrfer t y car bon
fiber layer may be conprised of chopped fibers, as discussed in Figure 7

bel ow. 'f&\ezgnjﬁggéﬁﬂﬂémmesh%uhaﬁ{ 8f 2diRE cOIRG hythBBlasTey al | ow for

even great conduction capability, and may be used to nore rapidly

di ssi pate. heat .i.n ¢ - irection fromhot spots in the device 303/ heat
spr eader E%gssﬁﬂﬂgﬂegﬁﬁﬁg%ﬁf‘gﬁ?&%- 10 addition to allowi ng nore rapid
conduction fromthe heat spreader 303 to the heat _sink (not B wn) t hrough
the top | ayerlnguiditipn the/Bbere prientsd dn fenty glang 482 ﬁn‘@ggrﬁog'ﬁfrﬂf@r@ gn, t he
fibers predomnantly oriented in the z-direction are replaced-with chopped
fibers. hilowathehixade dssiate rhbiallgtbpp paventieg tedomnationof lgealized hotir bon fi ber
t hat has been broken or cut, 15 using a mechanical neans,-into segnents

less t ha%)&s.%éﬂﬁli&@&‘ﬂea R Rhsesithe arch @0 8illdb1ofor hbsx edigRp@hichber may vary

considerably fromthis | ength, and the aforenentioned di nensions should

i 1 orseroenar Grsnb AR il e PURR, TR APPSR et ve
i our e a4Dab, 3038, andd 203b alow She conduciad heatto rapidty iSpae Bout e 20 11
gure 4%
relatively small contact area in the point of attachment of the device to the heat
10  spreader, over virtually the entire (larger) area of the heat spreader. This means
~ that heat can be removed much more efficiently. |
Figure 5 illustrates that the orientation of the fibers in the z-direction may
differ from the essentially perpendicular orientation above. In this embodiment,
the fibers in the z-axis 502 may be oriented at approximately +/- 36 degrees from
15 fibers in the x-y plane’503. Itisto be understood, however, that the relative
orientation in the z-direction may comprise any angle between0 and +/-90 -
degrees from the x-y plane. -
In a third eﬁ-nbodimemt of the invention, it may be desirable to include a
higher density thermal interface layer on the top and bottom surface of the heat
20  spreader, as shown in Figure 6. In this embodiment, the thermal interface layer

601 could comprise the same carbon fiber material used in the above invention

603, only with an increased fiber density from that used in the main body of the

12



In this enbodi nent, shown in Figure 7, the chopped fibers 701 are placed

in between the woven sheets 702 that are oriented in the x-g{ﬁngpgamﬁrning
a 13 1 5 11 MAR 2005 WO 02/ 26479 PCT/ US01/ 30352 | ayered structure. e
chopped WhHlehesf®1 and the woven sheets 702 are then i npEagneigeswith a
carbon or netal -based matrix material 703, to forma conposite. The
chopped fibers 701 may aid in increasing thermal conductivity in the

z-axi s, QughobddiR: bOE IR%h eRbedithérRems fbe Geiisptn iHe tRE@VAIG@raadOdi Ment s.
The 5 use of “chopped fibers 701 may all ow the man. dacture of a heat

spreader w t man f the v, e e . ced cost. In
a furt heFayeéﬁ‘ﬂo‘aﬁﬁﬁﬁ??“‘?Hé“&ﬁ%%%k@%‘g‘w%g@%m%ﬁ%%ﬁﬁﬁé# € {Jal I

t oget her, and chopped_ fibers 701 or 8ther L{pe gf car,bon terial, such as
carbon fmayawe thy sases fikey as theaboys stbodpreHe 4t s updersiper esed to

- facilitate conduction through the 10 matrix. Recall fromthe discussion of
Fi gure 3ttemblly bendhetive sptamiemap@boibe used ag thedhernwl irterfangtioatesiak 301 usi ng
a sealant material 307. This allowed for a nore flexible and |lighter

vei g pRichiditd néh-tasPERALmMS MBS I hdWitbHOhE highei-Uemsty Beloa fibers, however,
a nore rigid package my, be desired. Figures 8a and 8b illustrate how a

L6 oyt USSR BEpRERL B4 SR iSRGV on. L1 S
oo RS BB ) T 2
four cylindrical |egs are
conduction capability, and may be used to more rapidly dissipate heatin the x-y
direction from hot spots in the tievice 303/ heat spreader 305 interface region, in
10 a.ddiﬁon to allowing more rapid conduction from the heat spreader 303 to the heat
sink (not shown) througix the top layer 602.
In another embodiment of the present invention, the fibers predominantly
oriented in the z-direction are replaced with chopped fibers. In an embodiment,
the chopped fibers are compﬁsed of carbon fiber that has been broken or cut,
15 - using a mechanical means, into segments less than 0.5 mm long. However, the
length of the chopped fiber may vary considerably from this length, and the
ai.forementioned dimensions should not be construed as limiting the allowable
chopped fiber length. In addition, another embodiment may use some other type
c;f highly conductive fibrous material, rather than carbon fiber, as discussed above
20 inFigure4.
In this embodiment, shown in Figure 7, the chopped fibers 701 are placed

in between the woven sheets 702 that are oriented in the x-y plane, forming a
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shown. It .is to be understood that the number of |egs, and {ReiMARshagFe,
may vary 20 from application to application. Referring to Figure 8b, other
shapes may include, but are not limted to, rectangular |egs 801b,

cont i guome owadshrs 8026, non- contiguous walls 803b, rect CHVEM/IISGS Wit h
hol es 804b or rectangular legs with 14 15 MAR 2005 WD 02/ 26479 PCT/ USQ /
30352 feet 805b. The relationship of the substrate to these structures is
shown by 18Q64 stridtuin Tidkheppeafiber Vblearmbtheavaitensbeats 882 anedhappr oxi mat el y
0.63 mmtall. It should be understood, however, that the height of these

structurgg ﬁgglﬁat YA Wb ibon Y Itk RRRLEC AltcPAP7032 /i forkhat . t he above
di mensi on E cf

not be construed as 5 limting the, size of the structures.

Referring agai.n tQ Figure | egs, 802a ma rUGE sing a
variety g?mgﬁ?ﬁﬁ‘ iﬂ?efhgﬁﬂeqrgﬁ{ﬁz@mﬁfﬁ 18%%%%( B‘%F% g{]ﬁ)&f} ldg%“gg%g’nst ruct ed
of a polyneric material. One exanple of such as a ma%er_i al is.a high
modul us Eiroxsisaveciniiket ostented fibeercdisrusirsl IPaRyevigus eRRLAtiE b dtheus epoxi es
woul d be 10 injection nolding. However, there are a nmultitude of other
met holls  t:hadf cﬂ%rbpb&ﬁbaﬁe’dl frapy allownthe grarafedieg sf a epepdéadgr vitht he materi al
used. These include, but are not limted to: Machining, liquid resin

mol di ng ﬁ%ggtg?ﬁ]m‘%hﬂgégdis%e&%e&@%&e&%d%s@tﬁl@fh@d\&0 the heat

spr eader rou ondi ng process. Exanpl es of bonding types nmay

i ncl ude attachnent . w th an adhesive. ,15.such dering. -
Dependi n§8R tyths & %F"’ﬁg?eg?%mtjyslé%gf%%%ﬁ@l @g(é%‘gg)r%dtcﬁ??%e of
bondi ng grocess, It may be necessary _to Foughgn hgﬁ sgrface of the heat
spr eader fibers Yobopether tpe of carhen materialy sech as Farkon flakes, diSPEREEh of t he

throughout the heat spreader may be used to facilitate conduction through the

10  matrix.

Recall from the discussion of Figure 3 that the heat spreader 305 is attached
to the substrate 301 using a sealant material 307. This allowed for a more flexible
and lighter weight point of attachment between the two structures. Sometimes,
however, a more rigid package may. be desired. Figures 8a and 8b illustrat;: howa

15 more rigid structure may be achieved with the present invention. In this
-embodiment, a plurality of legs 802a are added to the heat spreader 305a to serve
as additional support and points of attachment when bonding the heat spreader
305a to the substrate (301 in Figure 3.) In thlS illustration, four cylindrical legs are
shown. It is to be understood that the number of legs, and their shape, may vary
20 from application to application. Referring to Figure 8b, other shapes may include,

but are not limited to, rectangular legs 801b, contiguous walls 802b, non-

contiguous walls 803b, rectangular legs with holes 804b or rectangular legs with
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f oot/ heat spreader bond. Al though there are a nultitude of mef BoMaRt hgfs can
be used, exanples of techniques used for rougheni ng may i ncl ude
mechani cal . 20 neans, or through | aser marking. Wile the previous

enbodi mMeitgeee focused on flip chip packages contai nP@OUSE/3®832gl e
device, the present invention could also be used for packaging 15 1 5 MAR
2005 WO 02/ 26479 PCT/ USO /30352 substrates with multiple integrated circuit

devi ces Rbtguehedhe Adasdhiewp dithEbehstate 18 thésbemactpaskagesvmbyBebthave a
configuration simlar to that of a single chip package, containing

mul U1 pl o dev ees S YbIA R 8o il uaNT: shoki o7 | d
arrays gﬂf%an f@%@ﬁé@gggﬁﬁo t?} car bon?gar bon or netal/carbon 5
heat spreadey 305 ,ysing a.conplja t-transfer .medium.304. The heat

spr eader? ei’%m%g'ﬁl“@ge’%&hattﬁe )Ié‘ﬂg%étﬁl}zﬁ eﬁé’i“ﬂareéi“{‘ﬁg’?’%“%%m ing materi al
307 or through a conbination of sealing material and |egs, as discussed in
Fi gur e gliffatent applications, end &ratHi¢ abaye dimensien shouidipotde qops 2% sink 306 to

facilitate the renoval of heat fromthe heat spreader 305. Al of the

af or gnentrhigngdhesiboed thesiractwidsh 10 regard to heat spreader construction may
also apply to the nulti-chip configuration. Thus, what has been descri bed

Is an appara %nf.-ﬂ ﬁ{ﬁﬁgem,% 1408 8DXE8at hORdshachRaGkgigde of a packaged
sem conduct o?g ew%gég{"rﬁ@t e foreggi ﬁg det gfivl ed descri ptiogﬁr% t he appar at us

exenpl aPgREHRSATHETES C BRI, F ot droooiag B RS BURER A2, “Vari ous
nndifications.and changes may be nade therepo_mﬁth%ggoduhme oxy.
polymeric material. One example of such as a material is a hig POXY
One method of manufacturing legs using high modulus epoxies would be

10  injection molding. However, there are a multitude of other methods that may be
used for forming the legs, depending on the material used. These include, but are
not limited to: Machining, liquid resin molding and thermoforming.

The legs 802a may be attached to the heat spreader 305a through a bonding -
process. Examples.of bonding types may include attachment with an adhesive,

15 such as an epoxy, or soldering. - Depending on the type of material used for the
legs and the type of bonding process, it may be necessary to roughen the surface
of the heat spreader at the point of attachment, to increase the strength of the
foot/heat spreader bond. Although there are 2 multitude of methods that can be
used, examples of techniques used for roughening may include mechanical

20  means, or through laser marking.

While the previous embodiments have focused on flip chip packages

containing a single device, the present invention could also be used for packaging

15



departing fromthe broader spirit and scope of the present invention. The
present specification and figures are accordingly to be reg@ﬁdmRa%ﬂ
illustrative rather than restrictive. 20 16 1 5 MAR 2005 What is cl ai r§ed
is: 1. wo@meem™nduct or package, conprising: a substratechkasongssetop
surface; at |east one sem conductor device attached to said top surface of
said substrate; a heat spreader secured to said substrate creating a space
t her ebet suistrates atith setdplofidegratet citenit devicesitidchal. whé Siown in Figated 1 space,
said J heat spreader having having a 'flat tat wtop surface and d an

ext er nal =5 = | veCAHNE I f : ;Lst plurality of
fibers d?’?%eggggk%élgraghvgﬁowu{lévggcgn% at sﬁ%%rt?%iogggﬂ% &%‘Fural ity of
fibers disposed in. .nost hqri.zo |, di,regti.ons i |.d heat, spreader; and
a seconoP%FTﬁeaF??‘?mb?g Iﬁ“h%?l% 8‘5Y1§?§g’?gaﬁ?ﬂ‘re§38 Itllbq.ftu@ﬁ?fcs?adr?géﬁmé‘g]?eader, said
second plurality of fibers disposed in a nostly vertical direction in said
heat sprieddEid anraysiHie andthersmdiycospled de fhegarksan/cprbiomor metRdeabant he heat
spreader is further conprised of a conposite material. 3. The

sem cGondieat sprefudaridnf asinf acbmipiinit haahanasfor inbdivinh 8684. The hestcond plural ity of
fibers are conprised of carbon. 4. The sem conductor package of claim1,

further sgRARE} 505718 cSupledto eRlibithad udifg fthae it P& idl38) of OP surface of

t he heat” spreader.
through a combination of sealing material and legs, as discussed in Figure 8. The

heat spreader will be further attached to a heat sink 306 to facilitate the removal of
heat from the heat spreader 505. All of the aforeménﬁoned embodin'lents with

10  regard to heat spreader construction may also apply to the multi-chip
coﬁﬁguration.

Thus, what has been described is an apparatus for spreading heat
removed from the backside of a packaged senﬁ;onductor device. In the foregoing
detailed description, the apparﬁtﬁs of the present invention has been described

15  with reference to specific exemplary embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto withc;ut
departing from the broader spirit and scope of the present invention. The present
specification and figures are accordingly to be regarded as illustrative rather than
restrictive. N

20
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5. The sem conductor package of claim1l, wherein the heat spreader is
secured to the substrate using a sealant. 6. The sem conduct or package of
claim1, further conprising a plurality of posts di sposed1detier?i0He
substrate and the bottom plate to provide support to the heat spreader. 7.
The sem conduct or package of claim6, wherein the posts are conprised of
polynmeric materials. B. A sem conductor package, conprising: at |east one
sem g\%nduclt.or device attached to said top surface of said substrate; a heat
spredetSS8MGP B to the substrate creating a space therebetween, the

sem ?.%Qe%éoﬂ?uc?o%é& ge E&ﬁﬁrging:g wi thin the space, the heat spreader having a
flat top surface and” an external bottom surface, the top surface and the
ext ep BastrROhbMY Sidp E@fRebei ng constructed of a thermal interface material;
a first plurality of fibers disposed throughout the heat spreader, the

fi r st igdstisrel semicoafuctor desics athicbpbivediditop sudfaceappaidxibstistel y hori zont al
direction in the heat spreader; and a second plurality of fibers disposed

t hr o bers apreadeeseeued tappicaieiale qreling asearg tsrehepysen satgrsemicpedustor gavisosed in
an afspFBs VAT 831y SRASE (SFiE APatdPieaes NBYNg fiiat e SHEZEE a8pFR&HRPe' P8t he

sem ftct or package of claim8, wherein said heat spreader is further

conpl hr% cilur ft & fibst HEEO%E& frdl ﬁ(ﬁﬁ% i hea%?pr JJA? g ! s?ﬁ@rgﬁ{ bHbeR@fs G548 i f claim
g, ey ot fip . neat Goredaf <SR RSLANIMY p :
o, R e S e [ bere ale comprised of @ e

t her gBdcohdfiGilitR6EbERWRPbsRL tHréugheuTBEIl HEM spreaddn Saidsatdhd pRkalityichlibeds t he
conpéisics€d in hZnosthhertzardireqina inciairmeptaspkeade. of claim 11, further conprising a
heat sink that is attached to the flat top surface of the heat spreader.
2. The semiconductor package of claim 1, wherein the heat spreader is further comprised of a
composite material.

3. The semiconductor package of claim 1, wherein the first and second plurality of fibers are
comprised of carbon.

4. The semiconductor package of claim 1, further comprising a heat sink that is attached to the flat top
surface of the heat spreader.

5. The semiconductor package of claim 1, wherein the heat spreader is secured to the substrate using
a sealant.

8. The semiconductor package of claim 1, further comprising a plurality of posts disposed between the
substrate and the bottom plate to provide support to the heat spreader.

7. The semiconductor package of claim 6, wherein the posts are comprised of polymeric materials.

8. A semiconductor package, comprising:

a substrate hgwifig a top surface;

at least one semiconductor device attached to said top surface of said substrate;

a heat spreader secured to the substrate creating a space therebetween, the semiconductor device
residing within the space, the heat spreader having a flat top surface and an external bottom surface,

the top surface and the external bottom surface being constructed of a thermal interface material;

a first plurality of fibers disposed throughout the heat spreader, the first plurality of fibers disposed in
an approximately horizontal direction in the heat spreader; and

a second plurality of fibers disposed throughout the heat spreader, the second plurality of fibers
disposed in an approximately vertical direction in the heat spreader.

9. The semiconductor package of claim 8, wherein said heat spreader is further comprised of a
composite material.

10. The semiconductor package of claim 8, wherein the first and second plurality of fibers are
comprised of carbon.
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13. The sem conductor package of claim9, wherein the interface material is
conprised of the conposite material and wherein a density of the first and
second plurality of fibers is greater than a density of t ? tRﬁ Lader .
14. The sem conductor package of claim9, further conpri si n'g @4 ﬁd\l ty of
posts di sposed between said substrate and said bottom plate to provide
support to said heat spreader. 15. The sem conduct or package of cl aim 14,

where said posts are conprised of polynmeric material. 16. A seniconductor
Kk ; t dt
gatcogfq'hefgﬁrpgnd?&t& ngcclga%!égs\ﬁr%peft% ?1teﬁnal f eﬁfg %\Qﬁé‘l‘a% ngfgﬁen + oﬁt@s Isggur e 0

secured to sal d pac age substrate and form ng a space betvveen said package

substf ahe seHicbraadié phb@pEBI cldif N AgeteNdonbadhFEheas ShiEthsashERASIIE tiRrMadevi ce
resi gpsgrfask bhh@hedt Beeseace; a first plurality of fibers disposed throughout
said thermal managenent device in nostly horizontal directions; and a
secohdl Thé saneitdntiyctayfoagkabe ofslaiih § porseaih thia intanigérometesal isgomhdgedaf fhﬁanagement

devi eanropiteamaterial #nd wherein @ dgnsityfthedirst grd sepqnd piysalitseffipers kiRt tha@ckage of

cl ai WY WHEFEFPPEAAY- t her mal managenent device is a heat spreader. 18

14. The semiconductor package of claim 9, further comprising a plurality of posts disposed between
said substrate and said bottomn plate to provide support to said heat spreader.

15. The semiconductor package of claim 14, where said posts are comprised of polymeric material.
16. A semiconductor package, comprising:

a package substrate;

a semiconductor device secured to a top surface of said package substrate;

a thermal management device secured to said package substrate and forming a space between said
package substrate and said thermal management device, said semiconductor device residing within
the space;

a first plurality of fibers disposed throughout said thermal management device in mostly horizontal
directions; and

a second plurality of fibers disposed throughout said thermal management device in a mostly vertical
direction.

17. The semiconductor package of claim 16 wherein said thermal management device is a heat
spreader.

18



