;e3der/o**+4, F-r. 6. T/ MX=WD 02/ 2778 DI RECT HEATPI PE ATTACHVENT TO DI E USI NG
CENTER PO NT LOADI NG 5 BACKGROUND OF THE I NVENTION 1. FIELD OF THE

| NVENTI ONWROR/228%1/ 30367 10 The present invention rel ates perikedose d of

conput er conponent assenbly and in particular to an assenbly of a die to a
heat conductor. 2. DI SCUSSI ON OF RELATED ART 15 In the design and

manuf acture of conputer hardware, neeting certain thermal requirenents can

be essential . In particulREBTHEARIPE KT$ALHMERT #bP)e P! aced into a circuit

package, can have a requi re%hd‘gEN?@ﬁ\f’%lﬁ?EbA rated by the mcrochip
during operation. The circuit package nmay have a barrier of plastic

covering the die. In the case of |aptop conputers, a heatpipe acting as a
<heat 20 _conductor may be attached to the circuit package containing the die
to help5carry off the heat. As illustrated in Figures la and 1lb, the

heat pi pe 1 ed a spreader plate 104 that is

pl aced bet]lﬁgdfﬁ Qﬁﬁﬁcﬁoﬁﬁﬁfﬂl EN and the heatpipe 126 to thermally
mate the smal |l er heat pi pe contact area to the circuit package 110. The
heat pi pe 116, circuit package, 110, and spreader plate 25 104 are clanped to
a printed dirKBLD GOaHE INVBXNTEDN (substrate) 112 using several fasteners
102. The cl anpi ng process can places unequal forces (loads) F1 & F2 (only

two fasteners are shown for clarity but four or nore fasteners nay be used)

on the heatpipe_ 116 and spreader plate 104, There can potentially be as
many uﬂgqual f o D8 PTEF5P Iregngn fq%%ﬁ%toaﬁh&(f\%?&?@?@“m@mm@tF&em Yy sone

of the 30 ter,. t i 1 plate 104, circuit
package 113‘?'%?%“&?%8% %%S%@g%gwﬁ@oﬁ%ig{}&?ﬁq@ and/or shift. Wth
novenent of the conputer conponents 116, 104, 110, thernmal interface
materials 10 Waeih heat pi pe 116 and the spreader plate
104 and bet DISEHBIORTE REL A 4 and the circuit package 110 may take

on a varying thickness. A varied thickness in the thernmal inter face 5

rraterizls 108,114 as well as an 'ncreaﬁe in thgrmal interface nateri al

108, 1145t hi ckned the desigmand maRR@4EMe Pherhay e Batdiraspdpeeting GsEtaint ed in

Fi gures | a, : i - 1S i.de. -ﬁﬂ%ﬂi fiorce using
fasteners 1t llﬁgal}g e{iqu%:rrﬁsé\%h gf@%(&) tdsi'. Iq'ﬁaelg{ecg%égg? gfﬁgﬁgﬁ %o cﬁ]oﬁirllée}ct t he
spreader plpiedift 4 drduitepaibsd, cat bavel Preguirentehetccientivethepagdegated b i n 10
bet ween. Each fastener 102 applies _ a force (F1, F2) that contributes to the
total cl anthegueeehip quringoperationrJhecyeeil garkage Mmay haye adnariend Rlasfa r at e

112 pl ace i S§l L j r.f . j LM 1) 108,
the o roui (OPSHREIE B OR s ek B e Pngb Bk R BEAGE R el (1025
114. Even sbhRdlictdi ifagberae@shddtolthe citwe padkaps coitainigy ﬂiarcﬁa&ehelﬁlcat@ TO4 or
the circuit r;C)ackage 110 or in the torgque 15 lied 113 to each fastener

; LILE q app .
102 i s suf PfEiedest ousiaishan Fiastrents abab ibe faateins Hércee hars feront Fl =
F2 fromth NG t I 04 may
tilt (Fi gu?ré&%g?&%%&?he trE%dr]EQ Ilaﬁ?gf%gﬁlhgﬁde%?g %gﬁrﬁ?{ p%gﬁa ach take
on a varyi ngo0thd chebetpiperilatsitermally nfaté the sherllee hedtpipe dod}acapdaited are too

great for tﬂe spreader plate 104 stiffness, the spreager | at e 1041 may bow
(Fi gures 1ahgcireuit packags 110, Theeatpipe 1H sirenii package.didPrand anerderdlates | the

d I LLLE f 2
CFi gur 2515y 08 B tpBRlad b bhinf Grclilalg Cpiekiafe MBI 112 R Spverd]
si mul t aneoysdtyndpo 3. The clantping Peodesstdri pladatunbldhl¥o08(loads) Fll @F2 n r esponse

t hereby creating a non-uniformTIM 1 108 thi ckness. The second ther nal
interface rfemrl¥tivelfagtanays aye shoavn fop slarity hubfoye phewe fastenspy wan e usedlt e 104

25 and the i . v I i f |+ but can
still fl owcﬁ%ﬁtﬂ% g‘%%%?ééﬁt6€’}%ﬁg’%r??\?g§%aﬁ‘%@%“? &?E;Ie% ‘Js%% pel E’?’“% :—Bﬁtaé “]i: . with the
resul t of aineqhaltofces Applidd Althdrd dve Casnarss 10Dhasagasdtuemef e non- uni f orm

TIM 108, 114 thicknesses is reduced performance because of a | ocal and/or
over al ROt efpBIPAtRI@MRaneatsdBeatninend o csrreader plate ki sirquip package 110) may

I RATAR R I
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W O 02/ 27785 PCT/ US01/ 30367 Additionally, in response to these unequal

| oads (FI, F2), TIM1 108 and TIM 2114 nay devel op voids, and TIM1 108 and
TIM 2114 W@0288188r at e from t he spreader plate 104 and/ or pdgusazisire 116.
As a result, an increase in the thermal resistance offered by TIM1 108 and
TIM 2114 due to thickness 5 differences and voi ds/separati ons can occur.
Connect i ng flek@ndpéeddRr Wiklahvéént of thheolpataricpompbhénisays, 164 2016pnpl i shed
wi thout a thermal interface material by using a close fit of the conmponents

such as an thermal intepeeompterialsilB, 114 pladed depwepn thgiheatip ki andoibgr ances
Dot . f | e 1 ; one rane
cont act 1o hBHIEDLRCHER: antho BT Spl e TBlard A SPHE Sl PAABLTET

-Al ter nat i vehay takbenacnngiegithicknay. Bevarizdahirkhedsdn tivé thermbhEintdrfacanl

interface material between the heatpipe 116 and the spreader plate 104. The
t her nmal 9i nmeaterdls 10§14 pawellps Ry ingretfedn theygap nterfeseraptegiabBdlid i ve and
‘may be a oL 'aﬁﬁess%riﬁ%%ﬁ?fﬁ resag(leﬁ%tn%gl }‘er om a,range of adhesives, or other

mat eri al s. e nrerace diwens| ons, the thermal 15 interface materi al , and

a nethod of hol dindgratdiEinCagitesqh, T ARANEHY & dfpaRaiisas peshi@odiet i on (stack),
are inportant. When an adhesive or solder is used as the thermal interface

material , &slanpivgdorse psingtfpsterers deRisuchds spremsenr balis.chhese fastanees 102 necessary

d d i s | ' . I
ntorfaco RaRT B spayA R Al b1 e ARBAEAL AROME ch ch S bR A BEC TR,

and solider setvrie \Rich fdstgieh d0PaSplads abREeBT, R2) tHabkottributs tb kiketoddl adhesi ve
or does not set up such as with a grease, during the tinme the TIMcan flow
or def or m clguping$onchF} hiFek Abs spreadeyeple o0 enfdhe subsigate 112plagedncr eat i on

gape ban- expepreadion it et HEtcE Rlet AR of the et picRaed ok Vi he'
material MaydReess HREmHMBYEHY maASridl (TREY) 114. B shipIldiflei@Red M tBEYN t he
material and interface surfaces will be less efficient. 3 WD 02/ 2778,

BRI EF DESCRimRThIphsOp! thelEp PRAN plas 104 gn the dircuitpagkagd 110xarinthotergie a bowed

spread pl ate; .- Figure 1b is,an illustration of til r eader
Pt e 1BcrADEid S Faet Giwenes 107 85alficioft & BusPiont efergs 1088 SR of
bowed spreggler dikabRs F1E: 99 E®ndthel cth@Tadtbhdts 1 0BA N redhilt AN @?fé&a&n plte
heat pi pe, the spreader plate, 10 thermal interface materials, conputer

conponent s 10&amaydilbigured bpland he thegnalbinfisface materials 163 A4 toveash takepr acket
a vapor chanber, a thermal jnterface teria uter, conponent.s, and the
backi ng pl apavafsms;tﬁﬁkefss- lf‘sacgﬁa?ﬂ"|‘L‘5§f%&c‘r’%hﬂo?5%£?)‘?flﬁlf @Bisg?%fﬂfe backi ng
plate, the {Ogs0Rder JIARMTDASEHARE Shb 3preadBiiplaRMTM RAy BOVRPIZRNSsSIal @ 18Pt Ween;

Figure 4a is an illdstration of a top view of the spring Clip; 20 Figure 4b

i's an 201 udt thatsprmadef platslds vafbinieotly stiff, wmspragdet plate HMguaptit@sias an
o ustrat! o 8 o nS OS5 kb, 3 (Bighfd 15058 Rndihg Bk SR L P 25 4
PCT/ US01/ 3Q3R4dBEJAL-F? dPESERIIEIHeERS 175 oddibie RRESEN e SWVENT T 1A 0BRUR!

structure and nethod for providing a balanced clanping force to a vapor
chanber di flest inyresparme hleeteby crmating a opnamdformuiiM b0k thyekriess. dhsstamdd. | n

the 5 foll ow ng. description, specifig.details are set r such as
speci f1 . i igerie ateal (R 1s Ghbtiones pebyin hedpiesst pat 10k hor ough
under sbgndi,pg tRé h&J}gichr19§9@butsﬁkY@mte'cwnpmg HCBEF1 + B3f BIGAA stilMgloly NOWN
conput er assenbly techni ques and machi nery have not been set forth in
detail in oegponse¢ v thie moneneerdlof therspmepdeh plate tde mtith theaesulipef.a non-

uniform TIM 2 114 thickness. The consequence of non-uniform TIM 108, 114

thicknesses is reduced performance because of a local and/or overall temperature

increase in the circuit package 110.



10 A heatpipe is a heat transfer structure that includes a nunber of
channels for transferring heat to a condenser region. Each heatpipe is
conposed WO &@/Z@8%t ral vapor channel with a nunber of par al bet/us@mobdrary
channel s, each of which is open on_one side to the vapor channel thereby
serving as the wick of the heat pipe, running the length of the circuit
board to a condexnkhtionaly), unresp"bmehed’aesémnqmiéoaﬁ (R, ¢2p diMpl Whand zes a

Ki flu,d | h | 1 t I th
Vapor channiiM 2314 ey absioemoiGyron 11 SRR TIM Snld BBk atdEk Bma cool i ng
medi um Sucthe%?re@tﬁ&r Qréermtanu of &QI}@Q? %!%?ﬂs %Je@smt% ingreds€th the heat pi pe

surface contacting the crrcur packag pically has cross-section
smal | er t hahetoha resxstamaoffmedkhgé"IMtl W8retrelcTIM 2idtd du@® tﬂ:mkniesm of the

circuit _pa e extends beyond t he heat pi pe edges. As a result, heat
transfeP né{)(‘ﬂ%ﬁf‘cffea“é]sv‘e $4 SEP%‘%‘POB%C%%SFFed and a thermal adaptor such as
‘a spreader plat @&E‘@C%ﬁﬁl‘%%gk eadl®r bHEHfMQottR@E 1@@"1‘6’ '&n bet ween the

heat pi pe and the circ age, the spreader ate a a surface area and
shape t hat atammphs}edaknhmkt;a it roal interface hatéred bpiupimg aTdiesesfprcﬁahler plate is

posi ti oned between 25 the heat and the circyit package e of
heat pi pe krfORPOREnts siigh g a%ﬁﬁﬁ'ﬁer-n%ﬂ Wbrrgurrrf%eglrtrfg é‘gﬁﬁ legtces o

manuf act ur il Jbdf flaBRE s¥rfadtleT HQ?A l'réséi%‘c'a' difect WohtREiES and
t hen mat ed ort‘g &f a%ﬁs%gﬁ %gd;g gget er to oarmtlhe co et ecf \ngtbo?trl%harrber
Wth tHi0s rraquufratmmr'omgah’@abeﬁemdeatthmak@manknngauseAbémaacdﬂym}mg

techni ques, a 30 w der_ and stlf er 55 conductor is possiple than is

avai | abl e ViPPREGHRR rn%%rgempﬁe gd witthg Shermad mtesfage mpreriabaiwesn fesul t, i n
particul ar ymay not be
necessary a}{ngFp Eg%eg%crﬁh%h n%tg(r?'\;?ra Jgg %ﬁﬁgéﬂé%ﬁ %talﬁg{enm QER/{ ndi vi dual

die. Wth tshoaldgps badrexmhhecumpmuwraadhﬁary bsa gmhsseparcat edlectednfrdine di e by

a plastic layer of the circuit package that could act as a thermal barrier
and 5 the f39Be Chadhssivesar ofherarsterialsohrietertaca dimensionte thy bexnpl ace. A
heat pi C t r QM%E stiff
enoughlol%Thtca}H e?%‘g']eeﬁ}%t%ﬁa\r}’ ?}d an%ltkg)lda&g%g%lhgéts% fjdg? rgpgon[gﬁ gﬂ‘jor directly
attachi ng atavkpa posifianiienck)cart M@pditentor the circuit package having a single

thermal interface material in between. In addition, the present i nvention
is a 10 novel stWh%‘t%Frédlaqﬁ&’erﬁitsﬁmrfﬂlqeﬂﬁ‘rsrﬂéeaﬂ@"ﬂﬁ]iW‘Eﬁrfﬁc? material it er f ace

material t 4& centered
poi nt forcteB ?‘ceﬁ%ﬂgrﬁ)‘ollg%%{dqwer &?Aﬁ% fgér esi (?rggfsﬁ%gésbg%ance\éﬁ rrpi ng force.
Turni ng t o Hondwh@ength. If fio bond bireisdthad feguired, aatrehaapnmgfaaepwtaﬁaISnaWer e a

spreader pl ate 205, heatpipe 208, and two thernmal interface materjials 210,
212 ar @015 bestsgd thitidogs pet ek RS dorthe pdhesivesand splsders ﬁroer&régsrssaréreés

obt ai ned by, ¢ i t i
Posi ti oned |fn t%{(%/\rendgrrrr’ﬂltI &Qh?rl%grala %d% LQBF%E I{O(?a&nﬁ)egggraga er ?fftse 205 is
a first theturig thettisnd tedINbdaay filew o(E[éMrﬂn)reQﬁiEes tReshitkmaseeb ben bet ween t he

spreader plate 205 and_the heatpipe is the second thernal interface TIM?2
210 mat er i @ontrpfed anwelas thegreaqon gaps and yoidsiq de minsmizgd. Suchhyids physi cal

characteri r ponse
to uneven ?I%%}ggslgggﬁ ﬁ %Woa\“d alt}gle:C alqof%{ A\q‘tger EQMEHMgcegeﬁg?gYMgﬂ&ﬁ t?‘ E a
backi n@s5pl ahikResd cﬁﬂlé)metesiadm fy&ﬁtagpﬁdd 2 dvdrty. A\ &@kRIhe%@Goﬁdl&itiohoget her
apply a clanmping force to the stack of heatpi pe 208, reader plate 205,

t her mal i nttBF ﬁr&l*’é‘?frﬁﬂIa§d211@ff32¢L%"f%§ﬁiiWé'uB%fe%?fé‘c’z‘l‘g The center point
force is applied locally to 25 the heatpi pe 208 by the bracket 206 through
a raised area 218 centered such as to apply a bal anced force P to the
circuit package 214 in between. The bal anced center point force Fis a

. force applied over a snall enough area to be considered a single point |oad
Fwith the load applied to the heatpi pe 208 and centered over the circuit
package 214. In this manner, the centerpoint force F provides a 6

3



WO 02/ 27785 PCT/ US01/ 30367 uniform cl anping pressure P to the circuit
package 214 and the thermal interface materials 210, 214. Turning to Figure
2b, is seMP®R8Y ustration of a center point force F appl petiusem/m3yapor
chanmber 209, a thernmal interface material (TIM1) 212, and a 5 die 220. By
elimnating the use of a spreader plate (Figure 2a), it is possible to

el i m nat e oBRIBHMBERGRIFTION ORGHEBRAWHNGENd one interfacial contact
surface. The interfacial contact surface is a surface that transitions from
one material to another. Both the additional interfacial contact surface
and the additional thermal interface material wll increase thermnal

resi stance. 10 /%%ir@,latizhﬁx ARBLEHAPLNY b6WEE Splealisy piARE 1 €d Wi th the bracket
‘206 and the backing plate 202 using fasteners 203. The vapor chanber 209 is
free to pivot and rermain parallel to the die 220 which can maintain a

uni form thermal interface materi al tthknesiﬂéTlM 1). The central point
‘force FSis appl iFignredbrinan bsgationahiblted opreaderplate; f f enough to resi st
war pi ng under the center point force F. 15 As a result, the center point
force Fis applied to the vapor chanber and a uniform cl anpi ng pressure P

is applied to t ' : ﬁ%ﬁy o I ' s, the
thermal int erfalg? na'?gr%lz%[ 1]%%5 S oﬁfﬁdép‘%{éfgi%)gﬁlégggﬂokt%ﬁﬁéﬁegﬂ&tahi ckness.
However, slight variations in the TIM1 212 thickness as applied may be
acceptable if the TIM1 212 has material 20 properties such that the TIM1
212 can fl ow as Figure2alig arofllushretiareof ®brapketns héatpipe, thewspréddeaplate,f or m

t hi ckness is achieved. TIM2 210 material choices for the design using the
spreaddf plthernglmnigiface malerialscompnisn sompayenisiandan kacking-plate; conduct or s
such as; epoxy adhesives, a thermal grease, or a solder. Alternatively, the
press fit providing a firmand flat 25 contact may be used between the

spreader plate . j ] £ j.nt mat eri al .
TIM1 212, 218 ?%LIEEP ﬁp?ﬁ?‘e‘msfg?s‘aﬁéfgg R & é’é?‘gﬁ&?hﬂgeg’ra:&‘ g’@and t he

di rect vapGhtegfadérhRiteraill (ABIPIRE con§sur@hts| mhd@tHehadlingGaieS€ a phase change
thermal interface material. The phase change thermal interface material can

be a material such as Thernfl owl T454 (Chonerics, a div. of Parker 30
Haruzifin, Wburn, MA). T454 is a thernallg conductive, electrically non
WO 02/ 29785 PCTHimueAinarn flusgatior of & eprigg ¢ip ithebadking Rlate, thesthgrmaleyi ce
operating te ratures.resulting in a "grease-|ike" performance. T454 can
be used as 13%83 B'\?%W?ér?"?{ﬁé’ gacggqpodﬂgfsem}ﬁhv?% circuit package (Figure
2a) or between the vapor chanber and the die (Figure 2b). T454 can be
obtained with a uniformthickness of 0.13 mm The 5 uniformly thin T454
material, if propaireMaapphilddulaboldF Atdp Diew! & thBkp@RGLEH ckness, mi nini zes
thermal resistance. In an enbodinent as illustrated in Figure 3, a bracket
330 acting as a spring, called a spring clip 330, is fastened to a backing
plate 304 with the vagqr chanber 306, die 324, printed circuit board

subst r 2% (subsEigrefbisen ilshatiorphaside yigwpbthespangsligr i al 322 in
between. The spring clip 330 has through-holes 331 and the backing plate
304 threaded hol es 305 wherein screws 326 are threaded and a center point
force F is appl irggirkqc i} N18PRALEHHRGHs3REBY ofa Pﬁéeﬂ%e@hﬁ%@?p’%h%‘ the
spring clip . The raised area 332 is positioned to create a balanced

cl anpi ng orcliponpressi ve force on the sandw ched or stacked vapor chanber
306/ thermal 15 interface material 322/ die 324/ substrate 318.

25



The spring clip, backing plate apparatus (apparatus) 302, 304 as
illustrated in Figure 3 reacts on the stack of conputer conponents (vapor
chanber 3V 0¥WE el interface material 322, die 324, & substnghesn3dB}, the
conput er conponents sandw ched between the spring clip 302 and the backing
pl ate 304. 20 The total clanping force F applied is approximately 15
pounds. TheBPAILED DESCRIPRAON OFHEE PRESENTNINGENEIONand al ong with the
"spider-1like™ shape conbine to create a spring response in the spring clip
302. Wth the spring clip 302 acting as a spring, as long as the spring
clip 302 has sonmenéied brattiudhnaidmethddefouproviflinganbalancedicldmping foresed ar ea)
when installed, and the deflection stays wthin an acceptable 25 range of
.spring resp@reechamberidirectly appeheddordhit Rea sirgieik Packgeés ¢isdns: dRihe

regardl @ss (of ﬂﬁPH : ' [ .ean sinplify
assenbl? p#g%%gu es oga?ﬁé?agﬁgﬁﬁgﬁggfdgﬁgsg%%§?§¥32§§®%%SE%%E@Such a
sinpl i fi ed msatedakb) aquipmenat andpyockiesin brdeade praliideashaonaght ol er anci ng of

t he apparatus 302, 304 and conputer conmponents 306, 324, 318 and elimnate
a need to gndeygipigding of the pessntinyentoncn atberdnsipRees, Well KBAVECORMWET f or ce F

applied to Qﬁﬁi . . . ring
assenbl y s&gﬂe%g%ﬁ\t}m t ﬂ]esag\gglgé%(}?%{??gg{&eg%gf fto?%ﬁgéi% gagln%\gngrﬁefﬁe spring
clip 302 i snidvivépabsahanbeie po&ns iskendsnay be manufactured by Thernmacore,
Inc. (Lancaster, P The vapor chanber 306 5 can_have a | ength of

A) .
appr oxi'fat el y 1@0“‘%????@& 158 Hedt temsies srygiuge that inchedess nyprberofchagngiess of

appr oxi mat . | : t he
Fack of conpriuBirisk Il BPELorflsRyEeisoRAh THRRE Lo nios BBy Fthibd
assenbl y 3Q&poBtihnmebiwith 4 ienbérld paedlld] bapilagyaihannéls feaalrobWhidhsis 3pén
Ret ai ning the foam bl ocks 310 are a 10 pair of bolts 312 that first pass
through a [9aionestids torthayrpaithasnelthereby seryingaethegiigk ofhetheahpiggh a pai r

2 pairof MuMiDethe ngtRATE R i BASBRRYLHIR RN REp R, | 0f 2"
tubes 356, rhidfcrbighvapditdes adborRHgefuillin tecapilldiied @ndith€ VaporPRdtidn subst r at e
318, finally to thread into threaded holes 305 in the backing plate 320. 15
W t hi n t he tEavglsiin ghe vapgyrhanne dorp 6prirnsen@giontprbe copled apdgrondenssddint i oned

beneath the v C er.. 306 i T454. t hermal interface material pad
(pad) 322 \%hﬁoﬁggé%e@fn%’ f‘ffz‘ agafi'(lﬁgg qlhlss r?ﬁlé)hdi e 324 connected to the printed
circuit board s n &héa .is athia firfdte @Gniat tHe cxe@dait®as trate

[ it board subisé Bexicatl ' Ontattigglite dde

318 is positioned the backing plate 304. Upon assenbly, the spring clip 302
is placed dypicallzhasaicrgss-geciongmalipuihapibeeiscuibparkageiticantasts ande pad 322.

The spriwng . cl i i n {£.ast 1 r r 3 ng _wa s 328,
the scrBus FrshohabhechebilEHokaRSERRRs Bt B Rl s B BREE T e
318 to thrgadt irivistertha g adebe Andffsiediskdqidied bAg Kithgnil allgptdPduchlidzar SCrews
326 may be tightened until the feet 330 of the spring clip 302 lie flat
agai nst t heppradar platecarchd wsedododmpipea tharmalpedyction betvepn theheaipipel i p 302
flexing sl i ghthy dus, Lo 0t Sl 61208 AL e L AlBed, AL eRa 324 ghoun, 25

| ocation only, TFai SEUP AT~ ext 'S on Hhe opp05|tae Sl ef‘ PnRhe ceht er of
the spring rbreR1c30R. mARE voith EWShedBfipeEhheliprdaeird pthté 3 UsAReWbebivadh epoxy
adhesi ve (not shown). Assenbly may gegi nwith the die 324 nounted onto the
print eddci theheatppersogy the sirguit ppekagapor chanber 306 support structure: the

bl ocks 310, bol (uogrg! iestainaEicid) & i el iftihe e tltnb® 10

pad 322 i s bk acaen@factured differémtly. Ihd vhper diraitier REm3dEned &l twopeds abve the
pad 322 and | oosely resting between the two foam bl ocks 310. The spring
clip 302 ishgnme Qrvec?lamg\ewbotiocseqhaﬁﬁbfpr@dbeﬁpmﬁlett%vamr@an@ﬁéa 332

With this manufacturing method, that makes more use of machining techniques, a

30 wider and stiffer heat conductor is possible than is available with the heatpipe. As

5



5 (shown fox location only, raised area is on the other side of the spring
clip 306) resting at a point chosen on the vapor chanber 306 to apply the
center poWRO¥VFE® F. The backi ng place 304 is positioned begpealsh/sligr
printed circuit board substrate 318 and the screws 326 are threaded I n

pl ace. Finally, the bolts 312 are lightened to position the foam bl ocks 310
t hat supporatrebiile ivpacticutiobportBsl6 cemgutpndhe heedlfor hispreatiacklatelinayvapor
chanber 306, such as a vapor chanber made h Thermaig.re, Inc. (Lancaster,

y
PA) is posindtbpageesearyand the¥apeshamber rRysLonmeded duesthi Off nt 1oad F i s

applied by . : 40 LB | that is
centered 0\}%@{%{ (ﬁ%h gi] eg ‘gkh H"%&é"‘fﬁ’%ﬁ% rtﬂgkgé%gma&g%f Yslq'g)g é%‘?{ggﬁgﬁlc:fng?ﬁ % he
-opposi t e 1aliebd alpladtizdaycr diitisediraitipaokagkihaBddlild a6t astal thbrrhaldardier gridvot i n
all planes to distribute | oads evenly. Located between the vapor chanber

206 and 2t hdh@vaparshamber gan digegthrongurt heat pHithe die supfaee f Adweatpipe (gHd) 222

‘that is 0. 7] 1 vedd .S %%%I glay be made from a phase
change mat eaaﬁ%%e@geﬂ%?%;#@%ﬁf1%%?%%1‘?%\%;{;?1}]@%%{ e “consi stency and ease
of use of el ast dierpresepaitsentidbmistareovebsirtidtaraaid mepgeddoe direftlyt her mal

grease. Positioned beneath the printed circuit board substrate 318 is the
backi ng pl &t@ching avapor shamperdodhs digor bgcisgutparkags Bange sese ng clip 302
t hrough th i 1t i e S . L ¥ halts 312 and
SCrews 326(%??{)11'%1 3@&%%%%#&%&@%&?hféiﬁcrﬁggégye gecs Mr%g(\e/\%s e'?g or an
adhesi 18 mavbksttisgdretandnatitiot he fdbeich g Jitbranihemasldner22ématerpllace. The

screws 326 n}aﬁnbe bonded into the backing plate 304 threads or bonded at
the screw KBighnesses harding minpwalygidsppdgaps bygroyiding ¢ sadered| naintforsgt ed i n

Fi gur o5 42 (cdifter i fec) HPIAI Bt B A AU nipihghrceor Ted from 30 1.5 m

thick 404 spring stee eet sto e sprin p 402 may first be
stanped 10  WOTa2niAg %8 Figerd 24)S6 an IBB3BGHdN of aklamppiag kpparadusdvhérern bent to
shape. The stanpi ng operation mag forma flat outline, punch out the holes

and a cent EPTRISF BEET P Aoy PiRerB s ek thsrmabigtercs maderials 2H), dif are or
rai sed_mur LREE 69@:?1&%8%#&?&?#% ?laﬁbﬁeﬂ tﬁnﬂkes‘},@@a@%@{néc?gy gbé‘%h?ﬁn&’ oi nt

| oad. e spring c overa I Mensi on 1I's approxi nma 5 410
square, W tchnetahpbiggfostdF ko thetheafippo208rM@Bitiondd iivbetWeenithe sigchieir ea 408 at
the spring clip 402. center has a radius in the aPproxi mate range of 2 -12

mm The | egéckage Jf aprdhe ppreaderqrlnts 2Ap & peirst tharmal wtterfgssmosterigh @IM00 mm
outer radi ug, 4 Qiricheald betwiRnnb g'gr%Qéer plate 205 and the heatpipe is the second

thermal interface TIM 2 210 material. The thermal interface materials 210, 212 can
20  have physical characteristics that may allow TIM 1 or TIM 2 to move or flow in
response to uneven forces applied. The center point force F is generated with a
backing plate 202 on one side fastened 203 to a bracket 206 that together apply a
clamping force to the stack of heatpipe 208, spreader plate 205, thermal interface
materials 210, 212, and substrate 216. The center point force is applied locally to
25  the heatpipe 208 by the bracket 206 through a raised area 218 centered such as to
apply a balanced force P to the circuit package 214 in between. The balanced
center point force F is a force applied over a small enough area to be considered a
single point load F with the Joad applied to the heatpipe 208 and centered over

the circuit package 214. In this manner, the centerpoint force F provides a



IN THE CLAIM5S W claim 1. An apparatus, conprising: a plurality of stacked
conput er conponents conprising; 5 a vapor chanber, and PCT/US01/ 30367 a
cent er poi WO @2¢7¢8s, wherein the centerpoint force is appli eficf/psdii@zgapor

chanber .

2. The apparatus of claim1, further conprising: a die having a

di e surface, wherein the centerpoint force provides a 10 uniform pressure
appl i ed t o uniferlickarspinjgaessuse P T theajiraitylaukagef214 laad thd thetmal imeerface
conprising: a circuit Eackage havi ng a surface, wherein the centerpoint

force provimgerials g 124

m pressure applied to the circuit package surface.

4. An apparatus \”Irmufrﬁﬂgftéb Fiﬁ&g? 28 3s g?é?{ ACHEL SRTPSE SleRdker gﬁ)luﬁltal%?c%q: area, a

backi ng pl ate;

conput er conponent et ween; and one

ity

‘or nore at tapplistd a ¥ epérnhambeh20% ianthérneal iritarthet matkrial (AMNBR1R2caridhe 20
backing_plate with the raised area of the bracket providing a center point

force t8 clddap2t By eliminating the owe ebappreaderdrlatsdRigwee 2a)sit isrpessiieta at us of

+cl ai m 4,
PCT/ US01/

50955 CARAARTEER Bl A e ipBrocial OERLEREE The L | nge

of 2-4 mm interfatial @mpaot atitfsceds acliffaca that whrsigons fidid dnainsdtdrialitea is a fl at

surf ace.

spring. 9. apathegp

8. The agparat us of claim4, wherein the bracket flexes as_a

eihthe additioppLinteriacial Gentaglsusigap and fhepdditionad thermal t y of

bracket thrix?&'ﬁﬁgcmlafﬁialwiﬁ%? s%lﬁé?ﬁfélfésﬁrtﬁ{cgy of backing pl ate threaded

hol es; and

e one or nore attachne eaturés are fasteners. 10. The

appar ati0s of cl aigaird the ¢éhtdipoing 3¥pé F3d spgplicdheith Biaciatkdt Rexead @8se a spri ng;
10 the bracket has one or nore edges; _and the plurality of bracket through
hol es are Ibaeking@late 02 vsing stersrs 29 The vy chamben?) is freg tapixotendcl ai m 4,

wherein th

chamber .

di storti on needalithiRtkhéssqTINMNE Ttereatrpbpdlht fobded®isa

eyt Prald Gin@ERY S GRINERLA, o b0 HATRA BErale 7 (B0DL
plieé@ e thb3rapbhe appar at us

of claim11, further conprising: a pair of foam b?ocks supporti ngFt he vapor
charber wi chamber 209 made stiff enough to resist warping under the center point force F.

15

20

25

30

As a result, the center point force F is applied to the vapor chamber and a uniform
clamping pressure P is applied to the die 220.

To ensure uniform TIM 1 218 thickness, the thermal interface material 212
should be applied at a uniform thickness. However, slight variations in the TIM 1
212 thickness as applied may be acceptable if the TIM 1 212 has material
properties such that the TIM 1 212 can flow as a result of the center point force F
until a uniform thickness is achieved.

TIM 2 210 material choices for the design using the spreader plate (Figure
2a) can include many adequate thermal conductors such as; epoxy adhesives, a
thermal grease, or a solder. Alternatively, the press fit providing a firm and flat
contact may be used between the spreader plate and the heatpipe instead of a
thermal interface material. TIM 1 212, 218 for both the spreader plate design
(Figure 2a) and the direct vapor chamber attachment design (Figure 2b) can use a
phase change thermal interface material. The phase change thermal interface
material can be a material such as Thermflow™ T454 (Chomerics, a div. of Parker

Hannifin, Woburn, MA). T454 is a thermally conductive, electrically non-
7



20 clanping force at an end opposite the end clanped by the bracket 13 WO
02/ 2778S PCT/ US01/ 30367 wherein the clanping force is | ow conpared to the
cent er poi WO ¢2427¢85. 14. The apparatus of claim4, wherein tReriys@mnzdurt her
conprise: a die, 5 afirst thermal interface material; and the raised area
I's centered over the die. 15. The apparatus of claim 14, wherein the itens
further Combﬁﬂﬁﬁivead?pfiﬁﬂm spft@isat davide apsaciagdehberatms testitirfgina

material. 10 10 16. An apparatus, conprising: a bracket having a raised
area; a bacirengeikaf perfarmangea T84 cantbecysed @6 arpaddiebaunthe spreadlgr Riééh: and

the ot ural 03 BF R HRAARE BB Ry b bqr il LR S G2 o 10

further conpigusé 2B). TU3e cah boBbRirdIeritRk unifoemfthikne®tof 0113l imarfheposi ti oned
between the plurality of conputer conponents. 18. The apparatus of claim
17, wherei mnifesmby thid#t54 material,df proiperly gpphegd tomairdaingts urpformppar at us of
‘claim 16 | t | of conputer ' conponents is a heat
conductorm%f%&s\ﬁ%ﬂg?ﬁ%eﬁg%%%%éhﬁ%ﬂ 13C7 20. The apparatus of claim 19,
wher ei n t he heatn anedibotdanentsasallintaitgl peFigide 3, Riteadqepad®idtihgak acl ai m 19,

wherein the heat conductor |s a vapor chanber. 22. The apparatus of claim
16, wher ei FPERE wHled Respping clipi3p(), ipfastengd e a backipg plipath withdheveper 23, An
appar at us, rl sadg: b t. ' ' : ctor
oot onod SaMbeL 80 fie A PARE kbR LA M SERRL BBRIIT T

on t he 1@eatinkefadefiatdrial 302 i iit@ e Jhieisprig chp 380 ihad theougH-holes 83T ank
material; the die connected to a printed circuit board substrate; a backing

pl ate | ocattBebegidRg Plate30s thiradad dofes 30% whsatin seigpsranes thigrded dedsr nore
fasteners fcgflte?#rbﬁﬁ %ﬂag Ftlpﬁpcﬂgg@lt % tflé)vgs&ﬁ Cl?lg 'ePQOdDI!)fS Eaige% iW@g {3?2 &n the
a e Sive f0 t

rai sed area appfies al a conpre rce t e
the spring clip . The raised area 332 is positioned to create a balanced clamping or

compressive force on the sandwiched or stacked vapor chamber 306/ thermal

15 interface material 322/die 324/ substrate 318.

The spring clip, backing plate apparatus (apparatus) 302, 304 as illustrated

in Figure 3 reacts on the stack of computer components (vapor chamber 306,
thermal interface material 322, die 324, & substrate 318), the computer
components sandwiched between the spring clip 302 and the backing plate 304.

20  The total clamping force F applied is approximately 15 pounds. The spring clip
302 is made of spring steel, and along with the “spider-like” shape combine to
create a spring response in the spring clip 302. With the spring clip 302 acting as a
spring, as long as the spring clip 302 has some deflection (as a result of contact
with the raised area) when installed, and the deflection stays within an acceptable

25 range of spring response, the force applied to the stack can be a constant
regardless of the amount of deflection. The use of the spring can simplify
assembly procedures for installation of the apparatus 302, 304. Such a simplified
assembly process may allow broader dimensional tolerancing of the apparatus

302, 304 and computer components 306, 324, 318 and eliminate a need to



die. 24. The apparatus of claim 23, wherein the bracket flexes as a spring.
25. The apparatus of claim23, wherein the thermal interface material is a
phase chamgeoxitessmal interface naterial. 20 20 26. A net hogepiys@ldogghnent ,

conprising: positioning a plurality of conputer conponents into a stack; 15
WO 02/ 27785 PCT/ USOL/ 303G/ appl yi ng one or nore thermal interface naterlals

bet ween oneje@drniié the@ented oflt dsb Flapplitd ¢o Baubhistickad apRPpdronfpRBehisoni ng a
bracket having a raised area, over a top of the stack; positioning a

backi ng pl 208 323d&34, él&fbmmmmwe%baéwﬂsa%@%&@ﬂ%lﬁy 486 bracket to the

for ce o the onkouronel el AR SBlk 2P IR EPuRRBhaiBo PO ERRE el °CF 10

-cl ai m 26, \M@Qﬁﬁiﬂa@tbaedw SRén@icOe, Irfc. (Laneakters PAJSThd hgpsraihaatepBog! ai m 26,
wherein one of the one or nore thermal 10 interface materials is a sol der.

29. TheSnmetcandawe a &%tw@@prmmaéelm 159 anpf a pidthgf approximately A mral
‘interface rg%h t'h?cl}?leésqf%pﬁf %Xt hg nmet hod of claim 26, wherein one of

the one or “nore efials is a grease. 15 15 31. The

met hod of cl ai mTRe Napbneﬂﬁn{beataoé ﬁ%&bp@ft@d af ot endBethRrstatkief coRgit@!
Iinterface materials 1Is change material. 32. A nethod of attachnent,
conpri si ng Coem?ﬁ'ewﬁﬁ@ 382(132(5} fﬂ§ 9&“6?"‘%@&@?%@@ apgeakly 38%6409 |aﬁ§ a8 t her mal

er face 788 Sie?bnd 8, 46 liGha f 18831000 ORb AR BEA0aRATGHEERD oRET, e

di e; positionrng raise r conduct or ;
16 \Aﬁ>002/p%?r7c&5)oR€$712Jﬂ§®mrdt$ﬁ8d th?oulglﬁa phigf Bgoaghhclks iga phpbackeder the

printed c rS(iél}J I rEex??h?'E)Sgh a pair of holes in the first foam block 310, pass around the
heatpipe 306, through a pair of holes in the second foam block 310, through a pair
of standoff tubes 316, through a pair of holes in the printed circuit board substrate
318, finally to thread into threaded holes 305 in the backing plate 320.
15 Within the stack of computer components 306, 322, 324, 318 and positioned
beneath the vapor chamber 306 is the T454 thermal interface material pad (pad)
322 while beneath the pad 322 is the die 324 connected to the printed circuit board
substrate 318. Beneath the printed circuit board substrate 318 is positioned the
backing plate 304. Upon assembly, the spring clip 302 is placed over an end of the
20  vapor chamber 306 resting on the pad 322. The spring clip 302 is then fastened
with four screws 326 and washers 328, the screws 326 pass through holes in the
printed circuit board substrate 318 to thread into threaded holes 305 in the
backing plate 304. The screws 326 may be tightened until the feet 330 of the
spring clip 302 lie flat against the printed circuit board substrate 318 with the
25  spring clip 302 flexing slightly due to interference at the raised area 332 (shown as
location only, raised area exists on the opposite side) in the center of the spring
clip 302. The screws 326 may be bonded in place with an epoxy adhesive (not
shown).
Assembly may begin with the die 324 mounted onto the printed circuit

30 board 318. The vapor chamber 306 support structure: the top and bottom brackets
9



substrate; fastening the bracket to the backing plate; wherein the bracket
rai sed area applies a uniformclanping pressure to the 5 die. 33. The

met hod of W) @21782, wherein the rai sed area applies a unifpemushising
pressure to the thernmal interface materials. 34. The nethod of claim 32,
wherein the raised area applies a uniformclanping pressure to the mating
surfaces of314B20hatfoaabibiks 810, dlts BIE adil atandOff1Gb&B16Arerkioselg of

attachnent COFTpI’I Si ng. connectin a le to a pl’l nted circuit boar
substrat e: 2s§ssEledgThe pad 382 tsmé?wgm tgt? dig 3éanddhe F%HPIR@%WSH}%‘EQ

POSI L1 0N Ny 8 HLGAILL U Bo QP FesiE bbb coh thOBLSRarh BIZKL 38 TR eri

applying a second |nter ace terla t he spreader plate; 15

-posi ti oni ngpeingekip 302 plataar over elie vd}mrzhmbek 3(]6emmthe nisedfaaee3d?at eri al ;
posi ti oni ng a bracket having a raised area, gver t {:hheat conduct or;

posi ti oRi ndshPwmEilpgationandy, Jaed atqaesawhﬁ% exgide of theispaing cipglek at e; 20
st eni N9, B AGKRnd ok AFoRIRK! iy BhhBe: A0 SpEILAE cBE PG o0 o e
wherein at H ela&tbaolaﬁgqjlactem)%hpdssiﬁdmddrﬁeemmahe peinesd @it boadd plhilstate hange
thermal interface material., 17 WO 02/ 27785 PCT/ USO01/ 303G/ 37, An

appar at us, d8apdiths srgews 32k aekhspded pplacer 186‘1%(5%1%?1&5 3Rptiphiensd a die,

2 vabor, chageticon e K fRbd TR CEPIRHEE L Bpor el S0 end B 2 e
vapor dBanhhe staclavi di ng a conpressive force that I's centered over the die.

38. The apparatus of claim35 wherein the thermal interface material is a
10 phase change Tha¥apar chamber 86 sughagp |VélP°r Cé‘@mehB‘aélﬁﬁ’é( NagPrec| ai m 37,

wherein thg, EZL?rcqst%Fqﬁ}? ?pémhéﬂéfcﬁﬁ%ne%ﬁi ? g%gﬁ%bk‘srh%fcﬁﬁlggwlﬁ wher ei n

the raised ar has a ar ea vapor 41. An

appar at us, leahPis fplied biotha spiiag thBOZ:maoptblﬁf o€ &Wtﬁambmltﬁam a
vapor chanber and a die, wherein the vapor chanb is in direct contact
with a sur fcae'@rqs#owéhﬁd@ 3242T11wéptarp¢rmfrdaeu§%ﬂoq,sﬂarhﬁmt therppeside k of

conput g cqf R etgﬁ E%&rt%? KOI | &glf{%etbgn%sﬁjignq}ms%almg{e' al

p03|t|oned
loads evenly.

Located between the vapor chamber 206 and the die 202 is the low thermal
resistance interface pad (pad) 222 that is 0.7 X 0.7 X 0.005” in size. The pad 222
may be made from a phase change material such as T-454, which combines the
20  consistency and ease of use of elastomeric pads with the low thermal impedance
of thermal grease.
Positioned beneath the printed circuit board substrate 318 is the backing
plate 304 that accepts screws 326 passing from the spring clip 302 through the
printed circuit board substrate 318. To limit the bolts 312 and screws 326 from
25  “backing out” of the threads, locking washers or an adhesive may be used to hold
the bolts 312 and screws 326 in place. The screws 326 may be bonded into the
backing plate 304 threads or bonded at the screw head 326 /washer 328/ spring
clip 302 interfaces.
Illustrated in Figures 4a, 4b, and 4c, the spring clip 402 can be formed from

30 1.5 mm thick 404 spring steel sheet stock. The spring clip 402 may first be stamped
10



WO 02/ 27785 PCT/ USOL/ 30367 43. The apparatus of claim4l, wherein the
thermal interface material is a phase change thermal interface material. 19
AT (. AFNWR 027788y (. Af. ASN. A; . Af (. Ay(. A, . A, . AF,; PCT/US01/30367
.A3(1.A(. Aa. AYN. A3. AHJfi 8Z<ADN] YR
| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<a] ca] ca] ca] ca] ca] ca] ca] c”a]
ca] ca] ca] cé}mﬁa]pam]em‘a:]\ah&téhdmhtmﬂme mmmmqn may form a flat
j{vqgl gb\Wca c’\a] ca a cal ca] ca]
C a] C a] cal ¢ eﬂ %bﬁ?i}"lﬁ]@] c;gp}er pr ssm]n(?la}) Ctﬁlﬁ E)res ion 1186 Fg
#U#$%°4§°£W gx%{ &$aisdd §ulriack b8 67 tvabgpistik kirltha Galapphralecal cal ca] ca
] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
*+K, , single-point load. The spring clip 402 overall dimension is approx1mately 70 mm
x/}//////EO 027233" 4 556 6 30BX8| wr mhc] cal ca] ca]
ca] ca] c&] cail é]lﬁ%ﬂec‘é(}t f @g} %%ﬁrf?g‘]’%*’gné(ﬁ%ﬁgg g?@é j ca] ca] ca
"1 X8 89899: Jghe sﬁ%m 402 center has a radius in the approxunate ran eofl 12 mm. The
<<= ===G>?7AA" AOA%AASAB BBBCCDMEz upkf a\ W ca] ca] ca] ca] cg] ca] ca] ca]ca] callca]c
alU] ca] ca] cd¢g=d18aif ¢béd Qa}rcgaqlqaa]rcdv}?na\]vcth]a@ai]pcpaq)maia&‘}Qﬂa]ln‘eqwauada}&ﬂ)NEEFBGrrH
H flnllJJ&\ KKLMI MVMAGNNNNGOOOOAPPPA4QQQ xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal QQ
ORRRRRRHSSSTTTTTTTU U UuUUUUNV~V5VK W W
XXXXXzupkf a\ VU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] caU]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal XXX7YYYZZM Y[[[\D\\\][]]1vAy?*p_"Q
“““ -ara{aa}xrnmhc”YU] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! aBcccdcddddddeXeee=ff ff +g
Ggggghhahhhh
iNiii|wnmhc”YU]]ca]ca]ca]ca]ca]ca]ca]calcalca]calcalca]ca]ca]ca]ca]calcalca
nTnnnnoTppgqgXr~rjryrrr|w nmhc”YU] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calcalcalcalcalcaUcalrriiiiuj]|jjj>kkk
kol I m
nTnnnnoTppgqgXr~rjryrrr|w nmhc”YU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caHIf eF" &10%&' () - 10
& ()-3 10%& ()-ysl1l0%& ()- Y10%&' ()-109%& ()-8dEy$3"10%& ()- z 109%& ()-F
10%& ()-109& ()-109%& ()- @1 10%& ()-Z<>?@\dYNC 10 10
109s10%&' ()-y5"109%& ()-1.10%& ()-f, " 10%&' ()-,& 109&' ()-AN] YdEYNC |
10%' () - @109 ()-- 109%& ()-f 109%& ()-"10%& ()-10%& ()-YR DdIEYNC @
109 ()-y:!109& () 'S 109&' ()-y!10%& ()- 10%& ()-yl0%&' ()- DOCEFGHIYNC 10
10 10Y7s10%& ()- @ @ 10%&' () -y-!109%&' () -
109%& ()-fl9%&! 109%& () - HOwz[ 9YNC! X" 109& () "10% & ()-'@ 109 ()-"10% & ()-!1"
109%& ()-'k"10% 1 & ()-w)izX9.C
10t Y7s10% & ()-!\""10%& ()-L!S "10%& ()-L"10% & ()-!S"10%& ()-!X"109%& ()- 3k
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3 10%& ()-10%& ()-10%& ()- 10t 10tiaBnN  @0%

$10%<&' ()-9! 10%&" ()-! 10%& ()-310%& ()- ,ylo%a& ()-'g

10%<& ()YWMO2085 @ @L0 ! 109& ()- 10< 10< 10<710%& ()-! giepiofesiess () - M
+10%<& ()-yY( 10%& ()- j i dE_@ @Oy!10%& ()- 10%& ()-910%& ()-

109 ()- 109 ()-109% ()-i !"R'"™"#dE _@ @LOf #MLO%& ()-1 ! @O%& () -
10% ()-s INVRHECIAIMBA& ()- g 10%&' ()- #u#$$(%WEE] @ @O@10%& () - O-
109& ()- | . 109%& ()-yL-109& ()- & 109& ()-y9% 109%& ()- 9%&j & &T&n&o&{ &&hC

@o0"910%& ()- Msglaim: 10 10 107s10%& () -y5" 10%& () -39
10% ()-& (\(((:)dEbC @0 109& ()-yT10%& ()- 10%& ()-, 109& ()- "10%& ()-
109 ()-:)))*~**+dEbC

1. Anapparatus, comprising:
a plurality of stacked computer components comprising;
5 a vapor chamber, and
a centerpoint force, wherein the centerpoint force is applied to the vapor

chamber.

2. The apparatus of claim 1, further comprising:
a die having a die surface, wherein the centerpoint force provides a

10 uniform pressure applied to the die surface.

3. The apparatus of claim 1, further comprising;:
a circuit package having a surface, wherein the centerpoint force

provides a uniform pressure applied to the circuit package surface.

4. Anapparatus, comprising:
15 a bracket comprising;:
a raised area;
a backing plate; with
a plurality of computer components in between; and
one or more attachment features wherein the bracket is attached to the
20 backing plate with the raised area of the bracket providing a center

point force to clamp the plurality of computer components.

5. The apparatus of claim 4, wherein the raised area is a radius.

12



@L0y! 109%&' ()-"10%&' ()- 10%&' ()-10%&' ()-1Z109%& ()-109%& ()-+K, , -
xlzI{/|/dE:/ 10 10 7109%& ()-/ 10%& ()-fs-

" 1098 () - WOOWR7(8S- f 3%s! 109& () -T 109%& ()-|/}/////1E0OXY:/ BOr/uiNues{7) - |
910%& ()-3109%& ()-10%& ()-1"L10%& ()-10%& ()- 100027233"4dE:/

10109%&' ()-y"109&' ()-110%&' ()-y 109%&' ()-,S 109%& ()- @ 10%&' ()- "4l 445"555dE: /
10Y (109%&' () - &16Y&The appafh B uk claymBEMORL Yhe rhOUR i§ h rahgs of 2-4 mm.

10%&' ()-5606671 8J8K8L8dYNC 10 10 10 10S5Y109& ()-/- 109%&' ()-fs-

10%& () - +Z10%& () 9* 109& ()-L8X8g899:]:dEYNC 10

L 200 B 1S B i
=" ===G>??dEYNC 10 -10% & () - &

0%&' ()-F9%v 10% & () - #410%&' (?-'th%&' ()-f 10% & () - 7AAAAA" ALAALC
1010%&' ()-"910%& (Yha epgaratus of claim 4, wherein the bracket flexes as a spring.

9. The apparatus of claim 4, further comprising:
5 a plurality of bracket through holes; aligned with
a plurality of backing plate threaded holes; and

the one or more attachment features are fasteners.

10. The apparatus of claim 9, further comprising:
the bracket flexes as a spring;
10 the bracket has one or more edges; and

the plurality of bracket through holes are located near the one or

more edges.

11. The apparatus of claim 4, wherein the plurality of computer
components further comprise:

16 a vapor chamber.

12. The apparatus of claim 11, wherein the vapor chamber resists

distortion as a result of the centerpoint force dpplied.
13. The apparatus of claim 11, further comprising:

a pair of foam blocks supporting the vapor chamber with a

20 clamping force at an end opposite the end clamped by the bracket

13
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14. The apparatus of claim 4, wherein the items further comprise:
a die,
5 a first thermal interface material; and

the raised area is centered over the die.

15. The apparatus of claim 14, wherein the items further comprise:
a spreader plate, and

a second thermal interface material.

10
10 16. Anapparatus, comprising:
a bracket having a raised area;
a backing plate;
a plurality of computer components in between; and
means for applying a balanced clamping force through the raised
16 area, to the plurality of computer components.
17. The apparatus of claim 16, further comprising:
one or more thermal interface materials are positioned between the
plurality of computer components.
18. The apparatus of claim 17, wherein the bracket is a flexible spring.
20
20 19. The apparatus of claim 16 wherein, one of the plurality of computer

components is a heat conductor.

14



310%& () - S2GLO%&' ()-0 10%&' ()- RRRHSS8TTaBdV7 10,, 10% & ()- !

110% & ()-910% & ()- 10% & ()- 10% & ()- "910% & ()-TTTTTTTT U@
101\ 109& WO U988 ()- 100 10 10 3710% & ()- @0% & () - 10%&r/u561/30367
U UWUUUWVaBb@ 10'1 109%&Zf & ()-9109&Z& ()-1 1109%&& ()- "9109%&Z& ()-!T

109%& () - |

L 109%Z& () - VNV-WEVKWW [ <b@ 10 & - 109&2& ()-! y#10%Z& ()-! |

-10%&' ()-m - 1098~&he pppy@nda&lain-19 whendn fhe eanwundacoy il ad@tpipe.
10Zy37109&Z& ()-1 " 3Z10%Z& ()-!~f .1109& ()-Y (109%&Z& ()-F'Y (10%& ()-F Y
(109% & () - FXXXXX7YYYN@

5

10

15

20

20

21. The apparatus of claim 19, wherein the heat conductor is a vapor

chamber.

22. The apparatus of claim 16, wherein one of the plurality of computer

components is a die.

23. An apparatus, comprising:
a bracket having a raised area;
a heat conductor positioned against the raised area;
a thermal interface material positioned on the heat conductor;
a die positioned on the thermal interface material;
the die connected to a printed circuit board substrate;
a backing plate located under the printed circuit board substrate;
and
one or more fasteners for attaching the plate to the backing plate
wherein the raised area applies a balanced compressive force to the

die.

24. The apparatus of claim 23, wherein the bracket flexes as a spring,.

25. The apparatus of claim 23, wherein the thermal interface material is a

phase change thermal interface material.

26. A method of attachment, comprising:

positioning a plurality of computer components into a stack;

15
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positioning a bracket having a raised area, over a top of the stack;
positioning a backing plate under a bottom of the stack;
5 attaching the bracket to the backing plate; wherein
the bracket raised area applies a balanced clamping force to the one

or more thermal interface materials.
27. The method of claim 26, wherein the raised area is a radius.

28. The method of claim 26, wherein one of the one or more thermal

10  interface materials is a solder.

29. The method of claim 26, wherein one of the one or more thermal

interface materials is an epoxy.

30. The method of claim 26, wherein one of the one or more thermal

interface materials is a grease.

16
15 31. The method of claim 26, wherein at least one of the one or more
thermal interface materials is a phase change material.
32. A method of attachment, comprising:
connecting a die to a printed circuit board;
applying a thermal interface material to the die;
20 positioning a heat conductor over the die;

positioning a bracket having a raised area, over the heat conductor;
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106 fastening the bracket to the backing plate; wherein

the bracket raised area applies a uniform clamping pressure to the

5 die.

33. The method of claim 32, wherein the raised area applies a uniform

clamping pressure to the thermal interface materials.

34. The method of claim 32, wherein the raised area applies a uniform

clamping pressure to the mating surfaces of the heat conductor and the die.
10

10 35. A method of attachment, comprising:
connecting a die to a printed circuit board substrate;
applying a first thermal interface material to the die;
positioning a spreader plate over the first thermal interface material;
applying a second thermal interface material to the spreader plate;
15 positioning a heat conductor over the second thermal interface
material;
positioning a bracket having a raised area, over the heat conductor;
positioning a backing plate under the printed circuit board
substrate;
20 fastening the bracket to the backing plate; wherein the bracket raised

area applies a uniform clamping pressure to the die.

36. The method of claim 35, wherein at least one of the thermal interface

materials is a phase change thermal interface material.
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a vapor chamber,
5 a thermal interface material in between, and
a bracket contacting the vapor chamber, comprising:
a raised area positioned on the vapor chamber providing a

compressive force that is centered over the die.

38. The apparatus of claim 35 wherein the thermal interface material is a

10 phase change thermal interface material.
39. The apparatus of claim 37, wherein the raised area is a radius.

40. The apparatus of claim 37, wherein the raised area has a flat area that

contacts the vapor chamber.

41. An apparatus, comprising;:
15 a stack of computer components, comprising:
a vapor chamber, and
a die, wherein the vapor chamber is in direct contact with a surface

of the die.

42. The apparatus of claim 41, the stack of computer components further
20  comprises:
a thermal interface material positioned between the vapor chamber and the

die.
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