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i nventl on relates generally to a heat dissipation systemand nmet Add
integrated circuit assenbly, and nore particularly to a system and net hod of
di ssi pati ng YHe®41#%om an integrated circuit device. BackgrR§uri$o1/ 456z
Integrated circuit devices, mcroprocessors and other related conputer
conponents are becom ng nore and nore powerful with increasing capabilities,

rP esEI ti 39 i _nt i ncr ga_sA tmﬂcmtsmgmmm%m%memmmﬁﬁﬁnﬁjmm—mm? s.
acC age_ units an _I!’l egratea cCi rc%g T Eé/ Tﬁ?ﬁ%@fﬁ ese conponents are
e anou

decreasing or renaining the sane eat energy given off by
15 these conponents per unit volune, nmass, surface area or any other such
metric is increasing. In current packapichfiicAldiddi ques, heat sinks typically

consi st of é flat baseﬂﬁ lﬂ'&c%tmm%&p]gén%{aﬂg%@lﬁgﬁoq)sg%)gt%ntsgs?en& qu%'i B%&' circuit

devi ce on one side. eat sin |ns runni ng
perpendi cul ar to tha" F’Fe&fateﬁﬁg‘"ém astembly, ¥ masePaigyiFly & %FéSte‘EéFfb‘F‘%l‘ Mot t he
integrated circuit desipaaghdanfiomnhn aregratddeir2Or deeia¢é. sour ces) have a
significantly smaller footprint size than the flat base plate of the heat
sink. The flat base plate of the heat sink has a |large footprint, that is
requires nore notherboard real estate t egekeppund; ¢ egrated circuit device in
contact the¥e wi th. Thelnlegmgdrirgiitzieviods, mhephassorphatcther chtsgesmphi® out er nost

part of the base pl@L&,dnBalark ecBBho%oE@&H'nYoré %bv&%ﬁﬂlt\%ﬁhné%ésfﬁ Tcél}‘ﬁbxﬁées

integrated circuit dewceto ave a si L 1 ca é ower te ture than the
part of the base pfestling ﬁé‘%“?aémsﬂ*?%fs%g §oh BBt BPMPSHOAMPENSI egr at ed
circuit device. FuPhdkegatmnis and itepomgaitirenit devicatied of dusepompdnehiearones nor e

powerful, nore Com%&@ﬁéoﬁ%ﬁaxﬁﬁ Eh%s%@%%éﬁ%u%f%&?e&%‘g%@ﬁ@%fb?”d on the

not herboard whi ch further uir rr@re not her.board r eal est
ungd

addi ti on, the base P “é’m@f"“‘% iPe Pes TRRSS SR Rreg /APy Alber su e“f"h’é same
1 evel as the integr atcemdsing. ircainentgeskiagieg technivvies; heat bitksi tgpiclly asmhsbbf a flat

Consequently, the fhak pQ@eS@hiBlll %tn?ouﬁt@@Bﬁ @%@lwegaate@tméuhaeh&% ok Qe Tgf,ener al l'y
iends up consuming ml%cat sinks fh rther mc{uge gneig'ray o astrgnmng perpende cullarrr%oet ¢ f?at %ase

plate on the other side. Generally, the integrated circuit devices (which are the
20 heat sources) have a significantly smaller footprint size than the flat base plate of
the heat sink. The flat base plate of the heat sink
has a large footprint, that is requires more motherboard real estate than the
integrated circuit device in contact there with. The larger size of the base plate
causes the outermost part of the base plate that is not directly in contact with the
25 integrated circuit device to have a significantly lower temperature than the part of
the base plate that is directly in contact with the integrated circuit device.
Furthermore, as computer-related equipment becomes more powerful, more
components are being placed inside the equipment and on the motherboard which
further requires more motherboard real estate. In addition, the base plate of prior
30 art heat sink designs is at the same level as the integrated circuit device to which
it is attached. Consequently, the flat base plate configuration of the heat sink
generally ends up consuming more motherboard real estate than the integrated
circuit device on which it is mounted. As a result, the larger footprint size of the
base plate prevents other motherboard components, such as low-cost capacitors,
35 from encroaching around or on the microprocessor. Thus, the large amounts of
heat produced by many of such integrated circuits, and the increasing demand for
motherboard real estate need to be taken into consideration when designing the
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circuit device on which it is nounted. As a result, the |arger foot print .
size of the base plate prevents other notherboard conmponent s, gge@?

| ow- cost capacitors, 35 from encroaching around or on the mcropr JIDDB
Thus, the large anounts of ‘heat produced by many of such integrated
circuits, aM®nadsncreasi ng demand for notherboard real pest@besweed to be
taken into consideration when designing the 1 2 3 FEB 2005 WD 02/ 41395

PCTI US01/ 45677 integrated circuit nmounting and packagi ng devices. For the

reasons stated abovelte(,@ggmfr&{t nggu%{g aﬁ@ga%m %@&gd bel ow which will becone
apparent to those skifle

r a|n and un ersta ng,the
present specification, FPWQ? ’éea*?oé’s ﬂathL%bﬂ % ﬁ“dtfﬂr ber feagags Stétﬁ Bl g@h Wﬁ‘e
di ssi pation devi c ebeaprde apperagdo thheetskidlehis dreve upot hedipaddndeesdndegtitet e and
allows el ectronic mg&rﬁcﬁu&pm@wm@m% A0 AR dHg JHsHh@Ar ocessor .

Brief Descriptiono u of a prior
art heat sink att ac%]evgefﬂbgﬁ&hofggﬁf%}s%ber'88&%@%%8%' e@fﬁteﬁgiﬂﬁﬁvlsggmmcher boar d.
Figure 2 is an i sontmpogenisiteopcefachoneang movil themicrapfocegsorenhanced heat

di ssi pation device according to the present invention. Figure 3 is an
isometric view show ng the enhancgd he papion device of Figure 2
attached to a ni croprocessor on af hePphoard. 15 Figure 4 is a
fl ow di agram of one exdngral iy apispmestic E)PFWTOB?IPﬁCrﬁQﬁbmSlhle@ﬁaChedlt@m pation device
of Figure & Detal Im@r@ﬁeﬁrmpjnlae@ssérﬂblgmotﬁ@bdamm ng detail ed description of
the enbodi nents, refer %ﬂ%mi hat

a gs t
illustrate the present VENntio lso'&ﬁtﬂc “f’w Of?ﬂ'e emt% @@gﬁ ﬁ rf??em}??‘gbﬁ R i ke
nuneral s describe s@vﬁenaamqifalcpycogtdmgmaﬂwer@wpblnmtlgn t hr oughout the sever al
views. These enbodi rrentfsu@éBxsdemmethed:ew@h@uﬁg‘m@ermaﬁced Hetk aikdipation asvakl e t hose

skilled in the art [y réﬂﬁaSﬁed%‘?m ppfddessah C%Q@rﬁblef%@%gggts may be

utilized and structura I cal angés may Z5 be nmde
wi t hout dejrarting fromthe scope of the present i nvention. Moreover, it 1is
to be understood thBiguihgs a/fovw Gibgrae abedicRenplsy aikthbdhers fonveniht Bent although

dissipation device of Figure 2.

Detailed Description

In the following detailed description of the embodiments, reference is made
20 to the accompanying drawings that illustrate the present invention and its
practice. In the drawings, like numerals describe substantially similar components
throughout the several views. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention. Other
| embodiments may be utilized and structural, logical, and electrical changes may
i 25 be made without departing from the scope of the present invention. Moreover, it
is to be understood that the various embodiments of the invention, although
i different, are not necessarily mutually exclusive. For example, a particular
*5 feature, structure, or characteristic described in one embodiment may be included
' in other embodiments. The following detailed description is, therefore, not to be
30 taken in a limiting sense, and the scope of the present invention is defined only
by the appended claims, along with the full scope of equivalents to which such
claims are entitled.
| This document describes, among other things, an enhanced heat dissipation
device that allows electronic components to encroach on a microprocessor while
35 maintaining high performance and cost effectiveness by leveraging currently
enabled high-volume manufacturing techniques.
Figure 1 shows an isometric view 100 of a prior art heat sink 110 mounted
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different, .are not. necessarily nutually exclusive. For exanple, a particular .

feature, structure, or characteristic described in one enbodi ment, rf?é E
dincluded in other enbodi nents. The follow ng detailed descripti 0A "] 100
therefore, not to be 30 taken in a limting sense,. and the scope of the
present invewbioomsbs defined only by the appended cl ai s, p@f/009.44%:%h the
full scope of equivalents to which such <clains are entitled. This docunent
descri bes, anobng other things, an enhanced heat dissipation device that

al l ows el ectronic components. to oac [ essor, whi.le 35
mai nt ai ni ng high per ”Qpr‘r%?‘%%ce%fﬁr E@S&H as?efne(% |m\?eﬁ]é}§ogp‘{)ﬂﬁl‘§l\s/%rs'lg)“fnﬁ% currently
enabl ed hi gh- vol urreF@ﬁr‘u}f%@bﬂr@ﬁgaﬁa@@miﬁmnteﬁfg%déhq hegtrsinkd 1aand onet ri ¢

view 100 of a prior tigmiothesdaréizsk 110 nounted 2 2 3 FEB 2000 WO 02/ 41395

PCT/ US01/45677 on a m L CJIRrdF AP RA sir suﬂz%@o Hefs 240 @a%éﬁ%ggﬂﬂnﬁ&gxfg%[ JPBﬁEP 130.

Al so, shown in Figure d the heat
sink 110 and on t h@“W%W“%%ﬁeﬁ’e&@@l&r}m@%@'ﬂltheé]faf baseplete dihithit00 has a
flat base pl ate 150 confighradomng tlerheasisinky | (dictatbs thtmﬁﬁ@ﬂebﬁay;ﬂhtmglo with

per pendi cul arly aVVaYhe a?l%?}:tttﬂl? 164 @t dlmﬁnﬂe?ttfﬁmmgmlc-{@r essﬁ 'IQHEEE ,on of

the heat sink | 10 dicta he use the , t he
array of fins 160 fHF‘H?%’F‘BQPPHQI%%%P“TFBH?“EF}@‘H ﬁ%@?@@&% gaw ly
| ncreasi ng the heatreqgliresinpegdingahe sughaegren Ethp flatdaseglde Hoatd/sithdkardag 0f shown i n

Figure 1, ggnerally gk W'l‘ﬁn@?ﬁﬁ’x‘ﬂlréﬁ&':ﬁ‘gongﬂﬁ T%Hweme%%@r%e&ﬂ@ flat base

pl ate 150 and/or the arr I NS turn results in consum ng
mor e not her board reéie“%’%’?afhém‘cr@%?%f'saﬂ (W]E‘Fllélsltheé’%ﬁ?‘%%é%"&aSTQ‘@FV(V\/m chis
the heat source) haVevtprin sied tharthe fla bispplatet] 58 condigtrhgom of e hfdtaihk bHse pl ate 150

configuration, of t Qﬁouhﬁﬁ%g%feﬂkﬂér@er f&a‘i}f?‘ﬂ@slierbfﬁle%{ Haselp laté\ (A2l €4usd @O Pri nt
si ze of theflat base at e flat

base plate 150 (t he °B6 ?Sb?imtig‘?%?g’aﬁ at?d}ﬁtﬂzﬁ‘[:PW‘PWhﬁtdf'ﬁ‘%BffecilB"\/ﬁoPﬁat he
i ntegratedi€ircuit dethitbehtegrotetheiwsit devidegioihhveceaignificadttnlewertenperiet hae t han

the part of the flat,dagermk ArbadkHd mttha't 8 dﬁb&l@%éo\ﬁtabwlﬁﬁﬂé @fbrayit h the
integrated circuit devj nsequ t si.nk 110 with
the larger flat basé&™Pi ‘%ﬁ"éa %ﬁseﬂ‘g ﬁ()%heé’fh'f"é@ﬁ'l gte“ 41@?’“&2?‘5%’%8&‘ 8t from
the integrated circuwlate thdvs meeffechverin Hienipatingheat fiem the akegyael] umbit devand
' nt egrated circuit deMhéRos! BESacRAzd units and integrated circuit device sizes are
: 20 decreasing, while the amount of heat generated by these components is
i increasing. The prior art heat sink 110 configuration dictates that the array of fins
160 extend to the edge of the flat base plate 150 to extract heat from the
integrated circuit device. Also, the prior art heat sink 110 requires increasing the
size of the array of fins 160 to increase the heat dissipation. In order to enlarge
25 the fins 120 laterally, the flat base plate 150 has to increase in size. Enlarging the
flat base plate 150 consumes more motherboard real estate. Consuming more
motherboard real estate is generally not a viable option in an environment where
system packaging densities are increasing with each successive, higher
performance, integrated circuit device generation. Also, the prior art heat sink
30 110 is at the same level as the integrated circuit device on which it is mounted. It
can be seen in Figure 1, that the flat base plate 150 configuration of the prior art
heat sink 110 mounted on the microprocessor 120 generally prevents other
motherboard components, such as low-cost capacitors 140, from encroaching
around the microprocessor 120.
35 Figure 2 is an isometric view of one embodiment of the enhanced heat
dissipation device 200 according to the present invention. Shown in Figure 2 is
the enhanced heat dissipation device 200 including a thermally conductive core
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20 decreasing, while the amount of heat generated by these conponents .iS........

'increasing. The prior art heat sink 110 configuration dictates that the
array of fins 160 extend to the edge of the flat base plate 150 tbofxiliact
‘heat fromthe integrated circuit device. Also, the prior art heat sink I 10
requires i nWMoe@8INy the size of the array of fins 160 to AoTwsease’t he heat
dissipation. In order to enlarge 25 the fins 120 laterally, the flat base
plate 150 has to increase in size. Enlarging the flat base plate 150

consunes noreée rm][ lh%é’,%ﬁé g rif B Rt Al 226008 MRS il PiEre 2 PP BlRRAR D T eal
backagi ng denal ¢1 eSoPEe et a3t FTaPRH ablleREbies sur measyp g a0 e ©
per f or mance, i nt egriaitechdoétive ting 22avéledss gbrstareryiobradially exgndingdinp?ibiTheart heat

sink 30 110 is at tfhe SR BHeb20mchbRg TR radyRS riallC ekbndi@Mic@s®ER Whi ch
it is rmuntsed. I t t hat e 150

an .be seen in Figure 1 h e t base pl
configuration of t ﬁ}genﬁ?lﬂocl?ué?cﬂo ﬂﬁéﬁ?gé’}’tﬁ?uﬁcﬁ aﬁ%&%&%fcfﬁ%ﬁ‘emgy ﬁ?@?%? ocessor
120 general | y preveéned]pifipre 2 ghtichdysan dricoairernan cendugdiye ing g% ow cost )

.capacitors 140, fr areraMGrRaglkd dhe 18W&WIEr fubfBceir@aNAPEOESEHSSall} 26hdushire Fi gure 2
‘is an isonetric vi ec\(/)vre%floone enbodi mrent of the enhanced heat dissipation
devi ce 200 according to the present invention. Shown in Fi gute 2is the
enhanced heat di ssi pat ifBhtheraipily eonduive e hadian gxis20nbsape pbedimenic theve core 3
2 3 FEID 2aoshv\o 02 /s3I Abd BEH dulfburfedbHdaé 220 6hd 220 drearkil¢l 3 th€@ﬁdmifh€ﬁ ring
220. so, shown i j s LV . avi ng
.upper and | ower ou'[ll }éér%hqglk}{c?%%lghger%o%?@gﬁ{hgﬁlég,gﬂﬁ?a‘?{ﬂgp %o |e%§%8§:1§xﬁ§égl{ei ve ring
220 includes a firdwesed/Pidizppsed serhaway haktt dsdurigy mroxyaitptoghe pwer ouer ¢ ot
conductive ring 220urfaceated déthgndipaeeidicuil toathe ays 280. Thadpgdr bhyd lextmremet ng fi ns
250 s 5 ther ml |y GouRliRd 38 h@SHBREE cAthe SHELAC o ea 230 of the
(.5)1. I gure c2 urth

thermal |y conductive core -1 gL . er shows an optional second
conductivéring 290 t A&F HEt sopduchimmned2t & thermalhoRuplediiths toBE Ve area 240
of the thermal |y coodaretated guchaloat eonziblentsidas bd nevmad dround emblinelosa/grodmite has an

axis 260. In some i : ace areas
230 and 240 are pa?{%?ﬁgw?ghﬁfgkg%iagég%%. T tél@ﬂ%h%a@wnﬁlﬁ%%%%ﬁ% ve core 260

further has a base %6 240is mgpptedsio an isared o depgs In edodiineldsed such
a way t hat it is inhectmgpengran enctoach an b ile ihteguated owtie device without

20 mechanically interfering with the device 200.

The thermally conductive core 210 can be a solid body. The solid body can
be cylindrical, conical, square, rectangular, or any other similar shapes that
facilitates in mounting on to the integrated circuit device and in attaching the first
conductive ring 220 to the upper outer surface area 230. The thermally

25 conductive core 210 can include heat transport mediums such as one or more heat
pipes, a liquid, a thermo-siphon, or other such heat transport medium that
enhance heat dissipation from the integrated circuit device. The device 200,
including the thermally conductive core 210 and the first conductive ring 220,
can be made from materials such as aluminum, copper, or any other materials that
30 are capable of dissipating heat away from the integrated circuit device.

The first array of radially extending fins 250 can be made of a first plurality
of folded fins. The first plurality of folded fins can also be made of aliernating
deep and shallow folds 280 and 285 from a continuous ribbon such that the
alternating deep and shallow folds 280 and 285 wrap around the upper outer

35 surface area 230, The shallow foids have a first depth, and the deep folds have a
second depth, and the first depth is less than the second depth. The thermally )
conductive core 210 can have a plurality of slots 287 parallel to the axis 260 and
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surface area 240 and perpendicular to the axis 260. The upper .and lower . ...
outer rsurface areas 230 and 240 can be concentric to the axis 2602; EE; é@g
first conductive ring 220 is thermally coupled to the upper outer % @

area such that conponents can be nounted around and in close proximty to
the | ower ol@#2443¢°f ace area and bel ow the first conducti wewisogsssfyen the
device 200 is nounted on to an integrated circuit device. In sone

enbodi ments, the conmponents can encroach on to the integrated circuit

device wi thout 20 nReham:q eL Mutér@hﬁicfe%fewﬂ) ‘Mé hgi&&aﬂ?\éfﬁ&le@@& carl Be
‘thermal |y conductiv s ur?]&f) Zo id body. The solid body can be
or

cylindrical, coni c&FaC%E{fﬁ’ any other simlar shapes that
facilitates in nmounti n@h@ﬁrsttwnddqevqrn@é@@ kasedirgionicudiemelenand the sasohd n at t achi ng

the first conduct |c¥ﬁin&ﬂ1%gm§a@0 hd@ ats&@ndmm@ela%teem*hsyécf)ﬁp@taaﬁaet&ag) The

thermal |y 25 condugt ar, tr.an ups such as
one or m)rtzé’ heat E?Sﬁé’gn feSt a@}f’f an?fteir D@F %S?g?@ﬁ%}ﬁm i ﬂgﬂﬁﬁ? l%ﬁ%ﬁthheat
transport nedi um t lsad theémeem@éerrn@a@%asgsqﬁamd dagnthf Tmfirstised sasendeprigt ed circui t
.device. The devi ce d@2ders masdmgiﬂhaﬁrstmséobﬁda@msxrecdf@@tﬂ&&mmemnaﬂlo and the

first conductive rin “ﬁ g rom,naterial s Iumnum
copper, or any ot herg'rgrarf%gfrsfoa s'q '%fi g 1%aar“%mc(faloszg: ox'm]fyt& §§?5% Fn‘ijm eat away

from t he i nt egr at edle¥irs vhantthedeyice is moppfed oy WSW%WWH@W geyiteal | y ext endi ng
fins 250 can be nmade offh@sctdrdsbnduttiveaing L0 ca@thatediettard afriyt radldng fir st

plurality of fol ded (lqs, fanoalse Le,BIE Pl 8l %hﬁsargﬁg&aﬂgd shal | ow

folds 280 and 285 from a con I'nuous ernating deep
and shal | ow fol ds 28vplgha trdovegonts arferseraAolthp tiermally eendodtive eare 2de ar ea
230. The shal | ow f dihdsedoad &rag chri isldedspidad phraditt dffolderfnsf THedscohdve a  second

depth, and the fir urQ'lﬁ?hPfold%d %ﬁfcﬁr %‘:ﬂ@de%& éﬁﬁ;%ﬂ@zoggl&%tmﬂkg? bper mal Iy

‘conductive core 21 can ave a % to the axis
260 and 4 P | FEB 2@@5’%“@@@3?@9@“‘9@# Sﬂ?‘%é@ff‘eéf%@ﬁﬁh'fywéfWBéﬂs out er

'surface area 230. TEhewdinfBgurgl.urality of folded fins can be attached to the

plurality of 's1ots 287yglhes it bf BimGRDAKE 540/ GoMddn Rl dishifonOUt €7
‘di ameter and t he second nduct | ve as. a second_outer dianeter.
209 . R R

'The second outer did%Xss gwn i Ki SMICOProgs s L 24eAet er . The
first conductive riagmdRd rvtertmaklilfn the ptdmple embodiment shown in Figure 3, the

20 microprocessor 120 has a front side 340 and a back side 330. The front side 340
is disposed across from the back side 330. The front side 340 is attached to the
assembled motherboard 130 having components such as the low-cost capacitors
140 and other such electrical components. The base 270 shown in Figure 2, of the
enhanced heat dissipation device 200 attached to the back side 330 of the

25 microprocessor 120. It can be seen from Figure 3 that the first and second
conductive rings 220 and 290 including the first and second plurality of folded
fins 250 and 292 are of sufficient size so as to allow low-cost capacitors 140
mounted on the assembled board 130 to encroach around the microprocessor 120.
It can also be seen the low-cost capacitors 140 are below the first conductive ring

30 220 and around the second conductive ring 290.

Also, it can be seen in Figure 3 that the first conductive ring 220 is larger
than the second conductive ring 290, thereby increasing the heat dissipation rate
without increasing a footprint size of the base 270 of the heat dissipation device
200 any more than the back side 330 of the microprocessor 120. The coinciding

35 footprint sizes of the base 270 of the heat dissipation device 200 and the back
side 330 of the microprocessor 120 enables the base 270 and the back side 330 of
the microprocessor 120 to have same heat transfer rates. This in turn increases the
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.and the second outer ring 290 has a second depth. The first and second outer
-di ameters including the first and second depths are of sufficient size to
all ow conponents to be nmounted around and in close proximty to theffg s -
integrated circuit device when the device is nmounted on the integrated
circuit devi@i?®5The second conductive ring 290 can havecyamsonagséar ray of
radially extending fins 292. The second array of radially extending fins
are thermally coupled to the |lower outer surface area 240 of the thermally

conductive core 210fficidde§ oBRGONAsBIYeMkeC AP bhROTLULR & mecanRd3pbhal i ty of

folded fins. The selg%%dr . |Sé+l‘lqbi ty of folded fins can be made from a
plurality of alter nati dseep"a'nd 15 shallow folds froma continuous ribbon

similar to the first plThe#iemallysendueiveere 21 hithes hagiop sprisegdp disposedi gure 3
i?] an isonetric Vi exrosdfos AW 70 Ne seithaaivegichehe ake 1Wh SBf202075 @N dev: cg 200
shown in Fi.gure 2, - i [ e

ot hor boar 4 130, -1 PTEARATE 1 fhe bE.8 AR ORGSR Him R fllledRy RIIANE

‘m croprocessor 120 98 4 heghiransparignesisey e e attashrddo diedey sude 2The front si de |
340 is disposed acihpshicé i han trdnefebacdkuns 2eWesudBH. air Th e difdeant shewilia F3gie 2,S

} hed h Walek h h
il Lo e, SR e e sk Lo

| ow- cost capacitor suc conponents. . The base 270

‘shown in Figure 2, WmsRogignedifinisuch a8 ¢t gie<yr phe Wi medimeandodicldediched to
t he back siode 330 oih thehtker@Bilygondwprowes oo fidber chiiancethe lyet tmasfar fonotheFi gure 3

that the first and gecond.iGeRdictdgve rings 220 and 290 including the first
.and second plurality o‘? &&‘%g‘% ??ns 25,8 and 292 %re of suffig%en,t size so

‘as to allow | ow cost cdpats ¢ srdlovsrerapplintratresimeay Rddd0Ral e8P 130 to
‘encroach around t heamanbaropd izeedsgatichevice thiextanheat $on breingegeted tinaitl ow cost

capaci tors 140 are R&lcoWMduiied i dnshsemBRE Yk’ Grclilt Béhrd R1edd 4604 sR&AAd the
second conductive rin |‘2190. CAlso, It car} be seen in Figure 3 that the first
conducti ve'ri ng 220#‘38re aegios W“ﬁﬁ%‘i n f et Surmings 'Hﬁ’ﬁ%‘f"i“@'ﬁ“}‘ei R PYHE t her eby
i ncreasi ng t he heatumessidpatdr oore puaface aress t Tho wextiarton @ reqgirea fdnmorgpriirsit si ze of
‘the base 270 of the,hgat ra@iaﬁ%&ﬁé’&dﬁn@'ﬁng%:& Rt ackRR 4BNY 1dBfnfa fiRBRnARGyDack side
330 of the m Ccroprogcessor 120. . The coin | g‘% n 35 foot0 ralinﬁ SLZes lf t he base
270 of the heat i SSTAYIPGA S GPRERLER O (ProHA TRLateY oLrat3tnine i
‘m croprocessor 120 ErcaiskeastiondtOpmgurepatackingithe fisst radictisé dieg 1386 vpper cethe
m croprocessor 120 §ipfabfaren suaBatliRAbwdr e Shi@ice bidh BS-suffibies spade balsw tenCr eases
the 5 2 3 FEB 2005 first conductive ring to allow components to be mounted in close proximity and
around the lower core surface area.
In some embodiments, forming the first array of radially extending fins
further includes forming a first conductive ribbon, and forming a first alternative
25 series of deep and shallow folds from the first conductive ribbon, and further
forming a first conductive ring from the formed first alternative series of deep
and shallow folds.
In some embodiments, the method 400 further includes forming a second
array of radially extending fins, and forming a second conductive ring having a
30 second diameter from the formed second array, Further, the second conductive
ring is attached to the lower core surface area of the thermally conductive core
such that the second diameter is sufficient to allow the components to encroach
around the integrated circuit device. In some embodiments, forming the second
array of radially extending fins further includes forming a second conductive '
35 ribbon, and forming a second alternative series of deep and shallow folds from
the second conductive ribbon, and further forming a second conductive ring from )
the formed second alternative series of deep and shallow folds. The second
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WO 02/ 41395 PCT/ USO1 /45677 efficiency of -heat transfer between the-base -270-...

and the back side 330 of the microprocessor 120. The thernally cbhépgtiive
core 210.further has a top surface 275 disposed across fromthe base 270.
In sonme enbodi ments, the top surface 275 is s perpendicular to the axis 260
and is in cl¥e@2pBexi mty to the second conductive ring 290vushiaat
transport medi um can be attached to the top surface 275 to introduce a heat
transfer medium 297 such as air in a direction shown in Figure 2, to
enhance the heat di aﬁhwams@a/on&@&d&%%n@l%g&mwf%vaﬁe@eraﬂﬁef& heat
transport medi um 295 such as a heat pipe, or other such nediumcan be

i ncl uded 10 in the FHYPHRFMEconductive core 210 to further enhance the heat
transfer fromthe heathdpsséepeidingntsdbsinbec@Digat dispania ddvicsis madd g di agr am

illustrating gener a'tHeMna?} %Eﬁd*ﬂ@tﬂreﬂﬁ@nﬁlﬁ sd?:ﬁ’&eroBlSkr aﬁiﬂnﬂlﬂh%ﬂ&f}@ﬂi@ﬁﬁkh di ssi pation
device to extract hea on an

assenbl ed ptinted ci"}aéeﬂf‘ltca n]ggroéeﬂ%tﬁﬁgﬁa?ﬁﬁﬁ’ f:‘%" %‘ﬁ%rﬁ\{%i cf%"’#é‘u?i 4, begins
wi th action 410 of permimhydimentychaibermplliceondhgtyd apee @mrnelu{#almaﬁgmsmpper and

lower core surface afeg@ms subhas dsr%tma@%a@plpé@@h@ﬁalalmeaﬁo -Sighoml cﬁ@th%rfl rst
array of radially e)éltm?laldﬁeg%ran R e-cglum su ;-: ren ?1@m4§1g ekip c#mn of cat r%lmfl rst
conductive ring havin HO I aTe e on zh forfe irst array of
radi al |y extendi ng ﬁheﬂ%tegfa%"ércﬁéﬁﬁt‘“cﬁctl on 440, requires attaching the first
conductiveising to the upper core 2 o surface area such that the |ower core
surface area has sufficient space beI ow D8cudida St conductive ring to allow
conmponents to be nounted in close around the | ower core
surface area. In sone eﬁW&PYFE‘FFF%‘be‘N?W‘ﬁ?ﬁG"%W@dﬂJF‘W@FS appngothst thinggiag) | y
extendi ng fins furthencddhedt ddgpationnaingng aaay éfiratiallyemidrdiig fine whérdbbon, and
forming a first al ! Bhastd b d}o@%leaﬁﬁﬂc%?m ne&l?{%rengaétm%cl hibpkefcifagm the

first conductive ribban furt Irst con ve ring from
the formedfirst al U8Rt HS\V@“%T%‘F?%E’ %?m@’été‘ﬁmgﬁﬁhp@f%'l’wwqdcﬂoﬂs In sone
enbodi ments, the netfodivédes Hydevehaging curehtlycasblédlsigh wdunse ma&mfmtdrmgrray of
radially extend| ng ftécﬂﬁ‘ﬁ ueand formng a second conductive ring having a 30
second di aneter fromthe formed second array. Further, the second conductive
ring is attached to the | ower core surface area of t he thermal | y conductive
core such that the second dianeter is sufficient to allow the conponents to
encroach



around the integrated circuit device. In sone enbodinents, formng the
second array of radially extending fins further includes formng a second
conductive 35 ribbon, and forming a second alternative series of dgeptand)
shallow folds from the second conductive ribbon, and further form ng a
second conductive ring from the fornmed second alternative series of deep
and shallow folds. The second 1 6 23 FEB 2i WD 02/41395 5 10 PCT/ USQ /45677
di anet er o€LMIMSecond conductive ring is less than the first dianeter of
the first conductive ring. In sone enbodi nents, the enhanced heat

di ssipation device is made of thermally conductive materials such as

copper, al ym NURIheQTdiRiPatioh B&FicSttmtristpt eri al capabl e of extracting heat
away fromthe integrated circuit device. In sonme enbodinents, the thermally
conduct i ve cor ea ceemmaltyc komfhicheacorey ahsysoy the themallyscandubtivs condasna sabide heat

pipes, a ljguid,, a then-no:si n, or .other, simlar heat transpont nedium
Bl tabi o 1 BT AR g P e RBE theBheteMhlus o Tasrigbirale B PeAR ‘e u
devi ce. Cobgtet/$iirfabe arthp-2hRY & Me9kii #Ad device and method provi des, anong

ot her things, an enhanced heat dissipation using an array of radially

extendi ng fins afiesteondustive phe haviog alfirswrray of radesllycexsending Bng, thet frseaitayoach
around an int ated cireuit .15 device it IS D ed. on, .wWhi | | i ning
1 oh per 1 oPHE APl BT byt BphE PR sl r AR e b e B " o
vol ume nmanwhagidithe st doadddtive Ui bas b firkPowder dhrAbMBadd a Airkteitbthd hsd whadeiron
device conprising: a_thernal I% conductive core, wherein the thermally
conduct i ve theofirst pier diameips and the diyst septhare afsudticientpizgiermapyide pelicisat spacg y

conductive bgﬂwmgefﬁstsc%ﬂﬁﬁ&fv@ rﬂl%pt%rall%gpcdn?}y&fmts to be mounted around and in close

proximity to the lower outer surface area and below the first conductive ring when the

device is mounted on an integrated circuit device.

2. The device of claim 1, wherein the thermally conductive core further has a base,

and wherein the base is perpendicular to the axis and in close proximity to the lower outer

surface area,

3. The device of claim 1, wherein the upper and lower outer surface areas are

concentric to the axis.

4, The device of claim 1, wherein the components can encroach on the integrated

circuit device without mechanically interfering with the integrated circuit device.

5. The device of claim 1, wherein the thermally conductive core has an outer shape

selected from the group consisting of cylindrical, conical, square, and rectangular.

6. The device of claim 1, wherein the thermally conductive core and the first array of
radially extending fins are made from materials selected from the group consisting of

aluminum and copper.



outer surface areas parallel to the axis; and a first conductive riggha?viqg
a first array of radially extending fins, the first array being ther a¥m3
coupled to the upper outer surface area of the thermally conductive core,
wherein the first conductive ring has a first outer dianeter and a first
depth, and wherein the first outer dianeter and the first depth are of

suf fici ent 7si zeTh® de¥igybQaiglf fWwikdr&Rtth ﬁmgnapebxﬁpﬁéc@% fidst phurg@PdEedldade ring
to all ow conponents to be nounted around and Iin close proximty to the

| ower out efin§urface area and bel ow the first conductive ring when the

device is nounted on an integrated circuit device. 2. The device of claim1,
wherein the thermally conductive core further has a base, and wherein the

base is pempendischdabdissipatioh@e@se sorapsingt Ccl ose proximty to the |ower outer
surface area. 3. The device of claim1, wherein the upper and | ower outer

surface areas aPdhermgly eppduriive ¢ore rhessinghe thermally epadpetiveqtore hag waper atther ei n

t he conpon r%ggg the integrated circuit device w thout
mechani cal ?%%r?tﬁger?f@?%ﬁg Wl’taglat he integrated circuit device. 5. The device

of claim 1, wheadirst dohéudtive i@ lhbying arftiscirtayenfeadisllhagedting fiheths fispearray
selected from ttﬂe g{oup consi iti ng of cylindrical, conical, sqgar,e, and
r ect angul arteing therpally conpled tor the ugper outer Efpes #req Ak theribermally,coRduriE €PFe cor e

and the fir, j - i fdJas i &hs
el cct od 1 o ehaT Btlal Bl S MuBHLPOFINES rberl G TRATIVAAT TTORELAS,
The devi ce infludihgid plutalityo€ aledrmatingeletp asd shailowyfolkie ipa ceemuaus ribldn guichithat i t y
of fol ded ins. 8. heat, di ssi i on device conprising: .a thermally
conducti ve tﬁ%&?@%&ﬁ@?%@ifgaﬁ%gﬁéﬁ AR PRRs e 9%"68}‘@%‘5@"86‘5@7 and | ower
outer surface areas; and a first conductive ring having a first array of

radially extending fins, the first array being thermally coupled to the
upper out er9.sur fdealeaiceaf siaimife wheeginghd shatlowdioblsihaze adiirst depthend thesdeenr r ay

i ncl udi ng irst plurality of . folded.fins,.apd the first plurality of

fol ded fi ngf"HSHEY%gf‘?‘f&“‘gd?#%Pﬁ? i“g’?‘“"b’? the, 131 e 15 SﬁH’éﬂt‘i%%F%%é&fP&v fol ds in
a continuous ribbon such that the alternating deep and shall ow folds wap
around the upper outer surface area. 9. The device of claim8, wherein the

shal | ow fol s halhe deviderefi claiapBnwhergin He themppllyfepnductiva\eore haw e piralitypth,
and wher ei nsl&t?%alta!lléls{o ARRAE: At hGSRa m&agp}}ep%utse?gﬂgﬁjcedﬁgg,hand wherein the first

plurality of folded fins are attached to the plurality of slots.

1. A heat dissipation device comprising:

a thermally conductive core, wherein the thermally conductive core has upper and
lower outer surface areas;

a first conductive ring having a first array of radially extending fins, the first array
being thermally coupled to the upper outer surface area of the thermally conductive core;
and

a second conductive ring, thermally coupled to the lower outer surface area,
wherein the first conductive ring has a first outer diameter, wherein the second conductive
ring has a second outer diameter, and wherein the second outer diameter is less than the

first outer diameter.,

12.  The device of claim 11, wherein the second outer diameter has a size sufficient to

allow components to be mounted around and in close proximity to the second conductive



10. The device of claim@8, wherein the thernmally conductive core has a
plurality of slots parallel to the axis and around the upper outern sf age
area, and wherein the first plurality of folded fins are attached to the
plurality of slots. 11. A heat dissipation device conprising: a thermally
conductive core, wherein the thermally conductive core has upper and | ower

outer surfrhgeard Beldiv fhefiirstStondoatlidClings &vhen Mg Bextd & Molihted tonddid aitedhted
radially extending fins, the first array being thermally coupled to the
upper out efr¥itdeyER area of the thermaliy conductive core; and a second
conductive ring, thermally coupled to the | ower outer surface area, wherein
the first conductive ring has a first outer dianeter, wherein the second
conduct i vel3.r i nbhedevice etamd 10 whereirdiha redoal, coadwttivb eingi has tatvec@dcong ofut er

dianeter is,jJess than the first outer dianeter. 12. The device of ¢laim 11,
wher ei n t h@d@ xamn%as &ns.ging whersin fesegond %Yéﬁlf’?‘?pi‘?detﬁtth? Weg oMSHSUE S onent s

to be m“”&r@&'o%@%ﬁi\}n\f%%ﬂguﬂﬁﬂ%r@rOXi mty to the second conductive 9 2 3

FEB 2005 ring and rst conductive ring when the device is nounted
on an integrated circuit device. 13. The device of claim1ll, wherein the

second conducti rin .a secqnd .array of, radially extendi.ng fj.ns,.and
wheroi -t i sec dehiol Sl B SR S oSty vt Aroretend Pl 8 °1 he
thermal | y eddusdsi ve core. 14. The device of claim 13, wherein the second
array conprises a second plurality of folded fins. 15, The device of claim
14, wherein the second plurality of folded fins conprises a plurality of

| t ti d d_.shall fql ds i t T d the |

Sutor our f Sae® ané 36l 3 ot 19, Whetet fhe SO BTt b ABr AR Bmpiifesdt ar o

circuit depiwaithay iaﬁ&n@tiﬁ%@&% MdoRaBsW 81d83k 1 SInBRuoUANESIRINNarb iRl theQBtver Si de
e

i s disposed across fromt ack side, wherein the front side is attached to
a circuit opéaswifasagieag conponents; and a heat dissipation device including
a thermally conductive core attached to.the back side of the integrated
circuit device, the thermally conductive core having upper and | ower core
surface 16. A heat dissipation system comprising:

an integrated circuit device having a front side and a back side, wherein the front
side is disposed across from the back side, wherein the front side is attached to a circuit
board having components; and
a heat dissipation device including
a thermally conductive core attached to the back side of the integrated
circuit device, the thermally conductive core having upper and lower core surface
areas, wherein the upper and lower core surface areas have a first and second
length, respectively; and
a first conductive ring having a first plurality of folded fins, the first
plurality of folded fins being thermally coupled to the upper core surface area, the
first plurality of folded fins surrounding the upper core surface area, the first length
of the upper core surface area being sufficient to permit components to be mounted

on the circuit board and below the first conductive ring.
17.  The heat dissipation system of claim 16, wherein the thermally conductive core

further comprises a base, wherein the base is in close proximity to the lower core surface

areca, and wherein the base and the back side of the integrated circuit device have

10



areas, wherein the upper and | ower core surface areas have a first and
second length, respectively, and a first conductive ring having & I FFphp
plurality of folded fins, the first plurality of folded fins being
thermally coupled to the upper core surface area, the first plurality of
folded fins surrounding the upper core surface area, the first length of
t he upper morcalisgifobgeat sizessolRitngnsdrfithites iof tie ihtegaexindidcult deyion eint isasé,ahde
mounted o tﬁgﬁ&jrc it board aa? bel ow the first conductive ringl.E éé. The
heat di ssiiﬁéw ity 8 &gt hing. andh the thepmallyicandusive watendlE 15Jose JAFEER PV cor e

further Codmhg%g&aﬁoxpﬁsé?)haﬂ@aglEﬁi t&ngfa?frgﬁitﬁ%-irﬁeér&e& b ﬁgt cgeéig%' mty to the

| ower core surface area, and wherein t ase and t side of the
integrated circuit device have 10 2 3 FEB 2805 coi nciding footprint sizes so

that tenperaturgs of the integrated circui evice,. the base, the first
plurality fo é’d’atf‘is‘f‘?&,’a“ﬁﬁa?sct Ogﬁlé%‘?riy’l SHQUPESPE: core are close to

each other durj Gt aRRIABH ARIILY, GRBRACHCNRGMmally 2B5dREVE Lo fufiRer Bk @T0BT €d
circuit device. 18. The heat dissipation systemof claim 17, further

conpri si ngsuriacehdisposed sageyse fitonmticti base awndh ér elase tpheximitgrtoghd yppanmoe surfasecor e
further has_a to surface di sposed acr.oss. from the base and in ¢l gs

proxi m ty B0 REY bptEn B el FRRR0R RERER s A8ReH AP b i skt B por

nmedi um i s dtdceh o fib® dfhecdolRg edhas entfodubed B thetheafltrh@pbitAReimidvertiel a

cooling nmediumintroduced by the heat transport nmediumover the first

pl ural ity Btplyralisdof foldsd dink gnlrmsesheat exgractien frowrth¢ intearathd ciraititedgviceed
circuit device. 19. A heat dissipation systemconprising: an integrated
circuit device having a front side and a back side, wherein the front side
i s di sposet9.acr Adiat diipatibg sPAeH comPhsingnd wherein the front side is
attached to a circuit board having conponents; a_ heat dissipation device

i ncluding a thefthintegrated Aaenit depicedivingst fraphude el 8 hackpaide, Whaaginghe frgt
i ntegrat edgqe id ﬁigg&seg%&s ’f{ﬁ%ﬁ' hd 9&@&4 yanaqoﬁefgih' HE £t QiddAY PcHRAG 2 and

| ower core surfac reas, erein the upper and |l ower core Surface areas
havi ng a f ciratit boad lsaviggebmponenkh, respectively; a first conductive ring
having a first gbur lity.of folded fans, the first plurality of folded fins
being thermal |y %gf%@alﬁn@ﬂfécedﬁ ulingor e surface area, the first plurality

o e {115 sur T UL B L S B Ao ool o
nmount ed circuit device, the thermally conductive core having upper and lower core surface
areas, wherein the upper and lower core surface areas having a first and second
length, respectively;

a first conductive ring having a first plurality of folded fans, the first
plurality of folded fins being thermally coupled to the upper core surface area, the
first plurality of folded fins surrounding the upper core surface area, the first length
of the upper core surface area being sufficient to permit components to be mounted
on the circuit board and below the first conductive ring, wherein the thermally
conductive core further comprises a base, wherein the base is in close proximity to
the lower core surface area, and wherein the base and the back side of the
integrated circuit device have coinciding footprint sizes so that temperatures of the
integrated circuit device, the base, the first plurality of folded fins, and the

thermally conductive core are close to each other during operation to enhance heat

transfer from the integrated circuit device; and
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on the circuit board and below the first conductive ring, wherein the .
thermal ly conductive core further conprises a base, wherein the bagé fitd i
close proximty to the |lower core surface area, and wherein the base and

t he back side of the integrated circuit device have coinciding footprint
sizes so that tenperatures of the integrated circuit device, the base, the
first plurality of faoiedest f:bﬁtﬁlctivamelin%hﬁvintgh@rsaainkiypl@midy@fiﬂmleacﬂrs, aiiee cl ose
to each other during operation to enhance heat transfer fromthe integrated
circuit devi cesesnd plurabty-offfolded fips eing thermally conpled o dhrclowee corerytaes/i ng a

second plural i ty, PIttgef %’%ggn“r‘cf cbdd¥tivd Hﬁ‘% &rﬁﬁgge’hdse%hﬁ AUdnfeerOtne ﬁlg%gncf lefige DeI Ng

thermal Iy couple ower core ar ea, e second conductive
ring having a smgominl arnfitbtediametee, Whersin therndewidi diameter rig ldsavthagtie fitst St
di aneter, wherejn the second dianeter.is less than the firs di aneter and
is sufficient t AN 16 SHDIRRH 10 PETBt BITRRTSAISA DB AMQMedAy e FRCHLBA  and

bel ow the fi rstan&%gg%c&lwi&g&ﬁkﬂlgtri%gaggat transport nmedi um wherein the

thermal |y conductive core a top surface disposed across from
t he base and i m ldaosengpoaxneditng, tvhertimethel pipemalty cenditit@cere fartiea, hasmdopher ei n

t he heat transport diumis attached to the top.surface such that
direction S&fafg?qp 8@?%”5@0@@5&% &R mP@aﬁe ity it &he, wpger P S EReE

medi um ovefred hid Wildrsih tRé HER! thdn¥p @i rrfegllﬂ?‘fjs &&d&ﬁe@w%{@ﬁ@t fpfite Sud @t hON

L
fromthe integrated circuit c}gw ce. 20. The heat dissipation systemof claim
19, wher ei direchen pfiflegraftaccholing cddiung éticdscédshyatherticat wmrspor swestium 2¥er theret hod

of form ng.a, heat. di ssi i on . devige to extract heat fr an Lntegrated
circuit de@’i%@“’f?ﬁ)‘%?é@cgﬁ%l A enfiang: egtcpxbr'apthqrgiﬁoxgirt]li;eclmetgrag@ap&ugdf%gp.si ng:
formng a thermally conductive core having upper and | ower core surface
areas; formng a first array of radially extending fins; formng a first
conduct | ve2i ngThe beat dlseiptmnsete obalaiay | Byyhontin ths imtegnesed et deisedaet | ve
ri ng has amiéré;?rt edjséamater; and attaching the first conductive ring to the
upper core " su 3€8°%tea such that the lower core surface area has
sufficient space below the first conductive ring to allow conponents to
encroach around the integrated circuit device when the device is nounted

onto the #htegfanedodof dermingaheatedissipationlsviee o s¥trast heatalrom 2n intggeated n
formng t Ngrdif @i rhehtd onf AUs@n\BlefpRPALREif BIafa cSrRiAg €S
forming a thermally conductive core having upper and lower core surface areas;
forming a first array of radially extending fins;
forming a first conductive ring from the formed first array, wherein the first
conductive ring has a first diameter; and
attaching the first conductive ring to the upper core surface area such that the lower
cote surface area has sufficient space below the first conductive ring to allow components
to encroach around the integrated circuit device when the device is mounted onto the

integrated circuit device.

22.  The method of claim 21, wherein forming the first array of radially extending fins
comprises:

forming a first conductive ribbon;

forming a first alternative series of deep and shaillow folds from the first

conductive ribbon; and
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formng a first conductive ribbon; formng a first alternative series of
deep and shallow folds fromthe first conductive ribbon; and 12 2 g:iFdg a5
2005 formng the first conductive ring fromthe forned first alternative
series of deep and shallow folds. 23. A nethod of form ng a heat

di ssi pation device to extract heat froman integrated circuit device

nount ed on an afsmiry the fpst cundoctive rring frothahe doramdpfinss alteynativer setiegofideep
thermal |y co$§1%ﬁti ve core having upper and | ower core surface areas;
formng a f¥ a¥feldSof radially extending fins: formng a first conductive
ring fromthe fornmed first array, wherein the first conductive ring has a
first dianmeter; attaching the first conductive ring to the upper core
surface ar @3 sudhmtthad of ferningwe heatcdissipationfdzyice do eatrivadeatufidincincntegspeac e

bel ow the first . conductive ring tg,allo onponent t 0. encroach around the
i ntegrat ed cgf?tﬁvfcedgwrgeéf%@ﬁf%@blﬁiew&gF@%n?ﬂﬁ‘gﬁowsb‘?&:he i ntegrated
circuit device; firfiflg A thefnABCRBuANERYretavipdipphs adSWENHrOSurkdcBaread,or m ng a
second conductive ring fromthe formed second array, wherein the second

conducti ve ri ngféradnga Siest arraly of radielly extending &insi t he second dianeter is |ess
than about half. the fifgst di ter; apd attaghin he second conguctive
Hng to the I owdriis @ G5 chEREVE ringd Bt it Fodd Ae3C AR P ArE e fish
suf fici ent caﬁ@ﬁﬁt,@riﬂéhmﬁﬁedig@e@gnents to encroach around the integrated
circuit device and below the first conductive ring. 24. The nethod of claim

23, wherein for sitaghing e Sy spelughiveming to tha ypedricoreautfapriarag suchitha tholepier ses:
formng a %8{&-]0%3?%%%%%% ééﬁﬁ{i%@%g&?e Jng»Uh[%gf uCfo%%ﬂ&ﬂzearg%&ﬁt&zfﬁg@n%%b&? of

deep and sha rom econ con rve ' rib ormng the

second condo@htiegcH arv@nd rthenitte@atbd roiiedit SRReR1 dviddnt te ndlvicées SRsuesd ohto tHeep
and shallow folds.  25. The nethod of claim 24, further conprising: attaching
an i nt egr atlBgg@tedcircuit deNirge to the thermal Iy conductive core. 13

forming a second array of radially extending fins;

forming a second conductive ring from the formed second array, wherein the
second conductive ring has a second diameter, wherein the second diameter is less than
about half the first diameter; and

attaching the second conductive ring to the lower core surface area such that the
second diameter is of sufficient size to allow the components to encroach around the

integrated circuit device and below the first conductive ring.

24.  The method of claim 23, wherein forming the second array of radially extending
fins comprises:

forming a second conductive ribbon;

forming a second alternative series of deep and shallow folds from the second
conductive ribbon; and

forming the second conductive ring from the formed second alternative series of
deep and shallow folds.

25.  The method of claim 24, further comprising:

attaching an integrated circuit device to the thermally conductive core.

13



2SF EB2(j Tr 26. The nethod of claim 25, wherein the integrated circuit

devi ce conprises a mcroprocessor. 27. The nethod of claim25, wherein the
thermal |y conductive core, the first conductive ring, and the SeCOZQFELzﬁm
conductive ring are made of a thermally conductive nmaterial. 28. T met hod
of claim27, wherein the thermally conductive core, the first conductive
ring, and the second conductive ring are made of materials selected formthe
group cons¥ti nBlﬂ)m@dednpﬁmlmnaicwgmhl tt®o intgratedl ecircudti deNigmcpoprisspstem of
claim 16, further conpr|S|ng a second conductive ring having a second
plurality o OIS P a1 | ns, the second plurality of folded fins being
thermally coupled to the | ower core surface area, the second conductive
ring having a second dianeter, the first conductive ring having a first

di ameter, ZhherEin npathods of oplainyi 29srevherein sthee thermalln condudtive seoreli Higefiast and
LZ | z\‘ljvf I 'hg' ?I rs%t?vepﬁ L d &%"%%ggﬁd‘%@&@h\pe HgLiﬂé Wa&nati B en&dafl éonﬁ?@c{vq and

con ve'r tdISSIp |onsys em of claim
19, wherei matehal_thernal | y conductive core has an outer shape selected from

the group consisting of cylindrical, conical, square, and rectangular. 31.
The nethod of claim 21 wherein, in formng a thermally conductive core, the

thermal |y sgndugt yheos e fhaam%nzﬁ%ﬁéreﬁha&e EREE SbnbNe! Bste TR e

consi sting of rlca coni cal , square, angul ar
conductxve ring, and the second conductlve ring are made of materials selected form the

group consisting of aluminum and copper.

29.  The heat dissipation system of claim 16, further comprising;

a second conductive ring having a second plurality of folded fins, the second
plurality of folded fins being thermally coupled to the lower core surface area, the second
conductive ring having a second diameter, the first conductive ring having a first diameter,
wherein the second diameter is less than the first diameter and is sufficient to permit

components to be mounted on the circuit board and below the first conductive ring,

30.  The heat dissipation system of claim 19, wherein the thermally conductive core has

an outer shape selected from the group consisting of cylindrical, conical, square, and

rectangular.

31.  The method of claim 21 wherein, in forming a thermally conductive core, the
thermally conductive core has an outer shape selected from the group consisting of

cylindrical, conical, square, and rectangular.
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