2 4 MAR 2UU5 WO 02/ 27785 DI RECT HEATPI PE ATTACHVENT TO DI E MWE&R
PO NT. LOADI NG 5 BACKGROUND OF THE | NVENTION 1. FlIELD OF THE |

PCT/ USOL/ 30367 10 The. present invention relates to the field of conputer
conponent wB&#mW8y and in particular to an assenbly of a BffEU%/386Heat
conductor. 2. DI SCUSSI ON OF RELATED ART 15 In the design and manufacture of
conputer hardware, neeting certain thermal requirenents can be essential.
In particular a silicon mcrochip (die) placed into a circuit package, can
have a requirement to rermmRECTHEATRPEAITAGHMENTIT@DIE cr ochi p during
operation. The circuit packaggneeyERasRPRINBLORBING®T 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 help
carry off the heat. As illustrated in Figures |la and 1b, the heatpipe 116
can hav® a netal part called a spreader plate 104 that is placed between

.the circuit £ NBISE iNMeEeabRi pe 116 to thermally nmate the snaller
heat pi pe ¢ C circuit package 110. The heat pi pe 116,

circuit package, 110, and spreader plate 25 104 are clanped to a printed
circuit board substrate (substrate) 112 using several fasteners 102. The
cl anpi ng proGEEEDAAR THEINSEENTEMNal forces (loads) F1 & F2 (only two
fasteners are shown for clarity but four or nore fasteners may be used) on
t he heat pi pe 116 and spreader plate 104. There.can potentially be as many

nequal forces lied as there emB of the
go ggrrp nﬂg'gé’;ﬁ?%e“?’d’é’ﬁf‘ﬁ?%e ?Lt%“) oqig?lgg{j%ré%zﬁtésclof Cﬁ‘?f&riﬁlt g:ckage

110) may 2 d I.:i %@rggﬁgr t\ggn%éegng@%f BElé 43 héas@aiductor.

2. DISCUSSION OF RELATED ART

15 In the design and manufacture of computer hardware, meeting certain
thermal requirements can be esséntial. In particular a silicon microchip (die)
placed into a circuit package, can have a requirement to remove heat generated by
the microchip during operaﬁon. The circuit packagé.may have a barrier of plastic
covering the die. In ﬂ\e case of laptop computers, a heatpipe acting as a heat

20  conductor may be attached to the circuit package containing the die to help carry
off the heat. As illustrated in Figures 1aand 1b, the heatpipe 116 can have a

metal part called a spreader plate 104 that is placed between the circuit package
110 and the heat'p1pe 116 to thermally mate the smaller heatpipe contact area to
the circuit package 110. The heatpipe 116, circuit package, 110, and spreader plate

25 104 are clamped to a printed circuit board substrate (substrate) 112 using several

fasteners 102. The clamping process can places unequal forces (loads) F1 & F2

SR T YIS T . steners may be uced\
(only two rasxeners are shown for clarity butiour or more fastener

on the heatpipe 116 and spreader plate 104. There can potentially be as many

unequal forces applied as there are fasteners 102. As a result, some of the

30 computer components (heatpipe 116, spreader plate 104, circuit package 110) may



flex and/or shift. Wth novenent of the conputer conponents 1 6, J,Ofgl,ﬂﬁ,lo,
thermal interface materials 108, 114 placed between the heat ptpe Wiiﬁ A
the spreader plate 104 and between the spreader plate 104 and the circuit
package 1MO0n@378§ ake on a varying thickness. A varied thi EkRESEIH6T he
thermal interface 5 materials 108, 114 as well as an increase in thermnal
interface material 108, 114 thickness wll both increas tﬂﬁrm

resi st ance. fléx dndstarahiftt Withrngveregnt|of thelgompi{er fE P eRfs ﬁlﬁp atts to

provide the clanping force.usi _ eNB @ bolts.
These f ast efergahiger 368%‘8’?5? h@@%%fé%ﬁ%ﬁ%@%ﬂ%ﬁ&{@% Egésubgtrate 112

with the circuyi ek Qhdeiraadat . pliadhd had tlendreuiiGackags 118s a
force (FI, w)gééﬂgﬁ%qg@a&&%eme § P . bags

t contributes to the total clarrt{r)ll ng fo Ce@f,(ﬁFl + F2). The
spreader pl atag tdidoranstatying tudatesati vaned gigdaess i 66‘??6?@2%‘” 2% first
thermal interface nmaterial IM1) 108,.t L4F:C U 14 and a
second t%ermFeTiWWQ%asrfﬁéllf’fl%‘P&‘ﬁelaﬁﬁ ’?)ttﬁ%ﬁ%l]%/éggﬁcgﬁn%@g;‘gﬁ?%g%%nces in
the di nenshggléne&{whbﬁﬁ%%&%gﬁthé’llrﬁ&l@eslﬂgﬂ&[ the circuit package 110 or in

“appl 1 ed

the torque I 3 to each fastener 102 is sufficignt to cause one
fastener 102 to Mavea@d ih Sigeedld, fbravd 1cHs ag appamtsniomievidetds fasteners

102. As a result, the spreader plate .104 ma ' (Thdregseddis 8td t he
t her mal i nt emping (PAEEHTAE 5%‘8?“%%3“5}&%5 séjé%‘lk"{ls %’%‘k‘;elts' ’gh&g fgsatryl ng t hi ckness.

In addition, 1f { 665 ol 104R8 ) heRidsire@ 13 vitiDthegireait phckagetli@irs pr eader
pl ate 104 sf?rfr}eﬁtelgg,sw{?ggs reader plate 104 may bow (Figures |a 1c). 20

| f the $@rep&eveen) Bach hOnesl0npplies & farke/(Fat F3)ithatoeptrdpitesipdhe 913t ¢ 104 may

tilt as a result of the un al forges,F1 2 {Fi . bendi ng
and tilti ngclempm@forgqﬁéa“d%?s- %%Péeﬁéﬂp&t%l%{%ﬂ(ﬁﬁgéﬁé 5*}%@‘3?%?*3 wWith the

result that TIM11 ihfdaESpanrsal tHRT gothe atrcig packagalidi f or m
oM 1106 ¢ HfURRIsSEOR iR bl ihfdrfaEonareRl (IR S hoat e (T102) ;114
i

posi tioned bed weadnthBespdlearencapnatesial (AMD 134 Everesmalh dgfesences

outside the clanping force (F1 + F2) but can sti ' se to the
novenent of dmlr;psmﬁ@&@éﬁrsﬂﬁ%ﬂeépiﬁﬁ,%wrt%‘etcﬁ%ui? g%l%alg];g?dvg}%oﬁ??u ig?orm TIM

Feduced ber FORIRLE e e e Cover al |+ amper atar &, i nor ease
in the GircChjrte @iffela@®1 EIFR fram the other fasteners 102. As a result, the spreader plate
104 may tilt (Figure 1b) and the thermial interface materials 108, 114 can each take
on a varying thickness. In addition, if the forces (F1, F2) applied are too great for
the spreader plate 104 stiffness, the spreader plate 104 may bow (Figures 1a & 1c).
20  If the spreader plate 104 is sufficiently stiff, the spreader plate 104 may tiltasa
result of the unequal forces F1, F2 (Figﬁre 1b). Both bending and tilting of the
spreader plate 104 are simultaneously possible with the result that TIM 1 108 can
flow in response thereby creating a non-uniform TIM 1 108 thickness. The second
thermal interface material (TIM 2) 114, positioned between the spreader plate 104
25  and the heatpipe 116, is outside the clamping force (F1 + F2) but can still flow in
response to the movement of the spreader plate 104, with the result of 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.



2 1r MAR 2005 WO 02/27785 PCT/ US01/ 30367 Additionally, in resgops&go@;ﬁgese
unequal |oads (Fl, F2), TIM 1108 and TIM2 114 nay devel op véi dsi* angdV¥l M
1108 and TIM 2 114 may separate from the spreader plate / t he
heat pi pe M@092/2d8% result, an increase in the thernal rei‘?é[g%“éggéﬁf—’f er ed
by TIM1 108 and TIM 2 114 due to thickness 5 differences and voi ds/

separati ons can occur. Connecting the spr k £ 04101 idsearieat pi pe
116 may be acco%@%@ﬁ@&*ﬁf%liﬂ?ﬁ% of %Fnél?&?aﬁtl%aﬁsggé ngteri al by using a

close fit C SvoidC Rn@TTRIN 108t EIMER T fiay sepraraterfeaqai r es
tight dinen {%%%14%%@%%@ S betl\}\een mating surfaces. To mnjmze thernal

resi stance, tHelspedaddi pred 10damidgot theshedpipedlh: réeie Fe5uEnA) CEEPTC GHAE bet ween

the two mating parts. Alternativ e i cconpl i shed

wWith the thémmhlﬁeﬁﬁﬁpﬁ%l@féerﬁﬁtbé!ﬁg 1 b@%ﬁ*@?éﬂ ﬁgg%%?%ce £5% and t ho

spreader_pl at,e 104. The t.h i material (TIM should also be
gﬁ% ncT| ﬁ%lh?é{?ggllatfoag ggrt 8&ctir

thermal IV ¢ TG e a grease, a solder, selected from a range
of adhesives, orceidefingiieaspraider plitel¢4iodhe hexpiperdh e the thermal 15

interface material, and a nethod of hol ding t cQ CABIRRENt s in a
st acked poshctha\pli@h@(hmd#‘P“h?ﬁ‘ef%g‘i“feo{?ﬁc? f‘iﬂﬁ%’haqg’x “asg%g:}st%see or solder is used

as the thermal interface NRGGL] ARdthab flkiet HERGH idnsioneslarates pr oper
assenbly f ofUBPPRE uégsaggﬁgf%}%?ﬁre ggoé&raiqbondgstrengt h. If no hond

strength i sp&@@ehnedingautfaedsito mitimidesbermaltresistancenglpseodiress coRtatf Fhat does

not setup as do the adhesives and solders. However, dL&Sge Of whet her
a TIMsts quuimdéoawiéc?#@w&’eﬁfee@cfgg?‘%f“w pl%{s‘sﬁ({:t%q‘gé g f%ea gr ease,

during the tine the Tl QhwittefHRItRR e ihte Facd Matetial bdtwess theo be
control | ed %%??“?gywﬁ%g%%éwgn%f gaps and voids to be m r]llsl%zed. Such

voi ds may ﬁ&r?ipevlils Bha thd&rddddr pitate §ob sTheathemmaldntesfincs materil Hivbr aces.

Additionally, the 25 thickness of *the ymterial my .hb pli enly. As
a result, hdmuldebdlb@tth@ﬁ‘aﬂﬁ’ﬁpﬁﬁb‘l*P‘feﬁé‘drfﬁ?%pf 59‘3’3%%%%%??%2:%@&5? ?I\e(llces will

be less eff L (r:aimegrc]atdf aﬁhesives, or other materials. The interface dimensions, the thermal

15  interface material, and a method of holding the computer components in a

stacked position (stack), are important.
When an adhesive or solder is used as the thermal interface material, and |
bond strength is réquiré’d, proper assembly force is necessary to ensure good

bond strength. If no bond strength is required, a thermal interface material may

20  be used that does not set up as do the adhesives and solders. However, regardless

of whether a TIM sets up like an adhesive or does not set up such as with a grease,

during the time the TIM can flow or deform requires the thickness to be

controlled as well as the creation of gaps and voids to be minimized. Such voids

may exist within the TIM and gaps can exist at the TIM surfaces. Additionally, the
25  thickness of the material may be applied unevenly. Asa result, heat conduction

through the material and interface surfaces will be less efficient.



2 1} MAR 2005 WD 02/ 27785 PCT/ US01/ 30367 BRI EF DESCRI PTI ON OF, TH A,W NGS
Figure la is an illustration of a bowed spreader plate; 5 Fizgdir WA 2P an
illustration of a tilted spreader plate; Figure Ic is an i i.gn of an
end vi ew 8O % Hded spreader plate; Figure 2a is an iIIus%éﬁ%%ﬁwg a
bracket, a heatpipe, the spreader plate, 10 thermal interface materials,
conput er -conponents; and a backin plvﬂ ~Figure 2b is an illustration of a
bracket, a W—hﬁgﬁfaw material, computer
components, and the backing plate; 15 Figure 3 is an illustration of a
spring clip, the backing plate, the thermal interface material, and
conput er conponents in between; Figure 4a is an illustration of a top view
of the spring clFigire28 iFawgilhstration of abowed SRIERITRIMeof a side view of the
spring clip; Figure 4c is an illustration of a cross-section of a raised
area on the spring 25 4 2 4 MAR 2005 WD 02/ 27785 PCT/ US01/ 30367 DETAI LED
DESCRI PTI ON OF THE PRESENT. ENTI ure and net hod for

provi di ®y a bal &iaEg! I’%%f%%gg%w?g}kggy gg‘(&ﬁ%lr%iﬁgghber directly attached
to a die or a circuit package is disclosed. In the 5 follow ng description
nunmerous specific details are set forth such as specific materials,

equi pment, and gg 98 &Sarl Muetaesn blarperalviee of atteoredispreader @8att andi ng of
the present invention. In other instances, well known conputer assenbly

t echni ques and machi nery have not been set forth in detail in order to

m ni m ze obscuring the present inveptjon .. 10 A heatnpi i eat
transfer struct FigureRats fl“hé]%ﬁé%‘}%oﬂ%h‘@@{‘eto? ll‘ﬁ'ﬁﬁ‘r?ﬁé S RpR&dePpfied

10 thermal interface materials, compﬁter components, and a backing plate;

Figure 2b is an illustration of a bracket, a vapor chamber, a thermal

interface material, computer components, and the backing plate;

15 Figure 3 is an illustration of a spring clip, the backing plate, the thermal

interface material, and computer components in between;
~ Figure 4a is an illustration of a top view of the spring clip;
20 Figure 4b is an illustration of a side view of the spring clip;

Figure 4c is an illustration of a cross-section of a raised area on the spring

clip.

25



for transferring heat to a condenser region. Each heat pi pe is;cg gﬁegﬂgﬁf a
central vapor channel with a number of parallel capillary chdnnels, h
of which is open on one side to the vapor channel thereby,sgi¥ing:as the
wi ck of tMWeOK¥3I8hipe, running the length of the circuit Poard to a
condenser region. The heat fromthe 15 microchip vaporizes a working fluid
in the capillaries and the vapor, in.t ﬁ)ﬂln t he vapor channel to
a condenserDmgﬁmmwlﬁwN@Mg%m—“ ool i ng medi um such as
air, over this region. Wen a heatpipe is used, a heatpi pe surface
contacting the circuit package typically has a cr EGLHiAP fSidRkd &1 than
the circuit packagevetstowhirgend %go‘g%éﬁ%"daﬂgoang%% tﬁz cil%lcgit package

ext ends out beyond the.. heatpj Sie o\ cchiephdidage idwtiatlosedaristley may not
be as efficY@ﬁfcggmﬁ’@ﬁﬂchg'%agﬁ%‘ft erlﬁal adapt gr such as a spreader plate
can be used oll‘gg\,i},gﬁgg;\{@tbm{dméroﬁ@muifkid@mﬂbetﬁ/@éfﬁfﬂh@q}i@é%?ﬁge and the
circuit pac&age, he spreader plate has surfavcgeghlg@mggg shape that can
mor e cl osel gharetald) egitipmertearsepropesses N PRACTIPPERGET * pl at e®i' s posi ti oned

between 25 the heat pi and the cij i Q98ncdd, ghd&nofvohmatpitee known
as a vapor éh%@PgF&‘%tetPB%esF?ﬁue&%e 'Ienadtpcg?ll;%g but is panufact.ured
differently,, zg}%gyégﬂﬁqﬁbﬁﬁmﬁfnabﬁmagdﬁvae\dt beentsablopty indesaiin QTAE Ot ed or
"cl am shel | 84 gether to formthe coppl eted vapor chanber. Wth this
manuf act ur i fagnifeteobscuringttherpkaseniiBY &8 of machi ni ng techni ques,lha 30

wi der and stiffer heat conduc LS. RASELREatliRandéssa Avmbbadflcbawndlh t he
“heatpi p# As 5 LAJDEEFE‘R‘*}Eﬁd‘ﬁ%g%%z/-zﬁgéﬁapmlusoy 30367 g result,, in
particul ar Foqrmgﬁgf%ﬁhgﬁemtﬁoﬁﬂmset {‘gimeédclfmafHPGﬁ‘é%iﬂgﬁ’Seg|oéeég%§} not
be necessary and the Vapor chanber maﬁ be _onn&%%ﬁglsdéarcg%%&pb% en

i ndi vi dual diygor dliatheltviitls 2 ayyrlsa ohpare ¢ conibarY et 1's not separated from

the die by a plastic Jayer of _t ' ltviRaak agewvicRalf teobdatl pget as a
t her mal barPt‘@F‘eé‘ﬁ’GtSt{P%gaRP 63)1? cqg?%éewgan gi rectly conduct _heat, of f the
di e surface, n@ﬁﬁ&@i&feﬂ@ﬂ%h@'cir@lisﬁoaséltwecmﬂmsgupy@geﬁ‘f heat frox thege enough

and stiff ehou e .
15 micr%chip vaporizes a working fluid in the capillaries and the vapor, in turn,

o a condenser region to be cooled and condensed by

travels in the vapor channel t
a cooling medium, such as air, over this region.
When a heatpipe is used, a heatpipe surface contacting the circuit package

typically has a cross-section smaller than the circuit package it contacts and a

20  portion of the circuit package extends out beyond the heatpipe edges. Asa result,

heat transfer may not be as efficient as required and a thermal adaptor such as a

spreader plate can be used. To improve thermal conduction between the heatpipe

and the circuit package, the spreader plate has a surface area and shape thatcan

e closely match with the heatpipe. The spreader plate is positioned between

mor
25  the heatpipe and the circuit package.

A type of heatpipe known as a vapor chamber functions like the heatpipe

but is manufactured differently. The vapor chamber is machined in two parts and

then mated or “clam shelled” together to form the completed vapor chamber.

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

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

5



The present invention is a novel structure and method for directly. ...
attachi ng a vapor chanber to the die or the circuit package Hadi r“f@ﬁaﬁ@]«]ngl e
thermal interface material in between. In addition, the prgﬁ?ﬁ@%mi&ggption
is a 10 no¥el02878act ure and nethod to fabricate uniformth interface
material thicknesses having m nimal voids and gaps by providing a centered
point force- (centerpoint force) that resulfs in hal Gleam- ng force.
Turning to Figulteindmrtinganior ippftablleFaﬂPHFFrﬁft{"%nﬁefda%ﬁfgslaeggpa atus Where a
spreader plate 205, heatpjpe 208 I Wy itedomabctédtigedtbo® amat eri al s 210,
212 are 15“@?5‘@0!‘!3_(5?3}??73’0?‘% é’lﬂﬁ%’i‘:h%%grfage material thicknesses are

obt ai ned bymzﬁgﬁg%gblr@e_w%gr@ggmhMeﬁ/apmecfﬁnth@r istnot beparptep drorp &

Positioned | ween the circuit package 214 and th ol € 205
is a first ahayrmplabtitiayénefdhesiras packeay ﬁ)ﬁi?oujgf%aslggg?ﬁ%ag%g FT'IEJ bet ween

the spreader plate 205 and the heat pj L3 off1fe SR fhce.t AdieaRlipe tdddf ace
TIN 2" 210 nthepar ChaRRET B AR A e ol e e o oan 20 have

physi cal Chgl,[gggér%iﬂ?igipg%gﬁqnt;ga,yidaléneugﬂ'hn\ﬂl gtiffendught-2 to nove or flowin
response to uneven forces applied. The center Rgl n fdofr(rzgir'éc' gener at ed
with a backi ng Thapesatincntonds 3 paeelsHEERFRANOTS Y 'R bi'acket 206 t hat

together apply a cl anpi force.to. it Bhcagahpiipg adiiple spr eader
pl ate 205, ataghiegavap rc?‘gwerﬁ?atthg(rafél s ggfg%Z?Zc gnd substrate 216. The

center point, forece i, aRRltRsl ih @eabdey. TwadditivhethhgatsshbavefEohiF & he bracket

206 through a. raised area 218 centered sych gs to,. I anced force
P to thepci heudlistrpatkaged mhfidwtotfébﬂﬁ’éﬁ!m#?f@“ g’éﬂ’ﬂﬁ&'é‘georpagérﬁa et}r?ﬁz}c)loi nt force F

is a force applied gver a snall e RvXEng aReh@deidesbiat foseangl e

poi nt | oad ﬂumeﬁsqsﬁﬁvwﬂliﬁﬁh%@%g&lgﬂ%%egtpi peg208 and centered over

the circui bﬁ%gg#ggiﬂtﬁﬁrée th&} reiilE iffanakmced Hempong forgroi nt force F provides a
78

6 249R2nr 5 PCT/ US01/ 30367 uniform clanpin [ fefad 0 the
circuit package Pdrhimgth Figere deisan UIpHTat Cl?ﬁngﬁgi% gﬁﬁ%? STA Turning

to Figure ZEﬁregcsierSI:?nga 2%@, lrI\elalt[yi;SJ;[: héd, 08 b tBern@ L1RterfAQI Mitefisls Q20,212 are

15  used. Uniform thermal interface material thicknesses are obtained by applying a

centered point force F to the heatpipe 208. Positioned in between the circuit

package 214 and the spreader plate 205 is a first thermal interface material (TIM 1)

212. Positioned in between the spreader 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 appiy 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

i i pi d
single point load F with the load applied to the heatpipe 208 and centered over

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

6



applied to a vapor chanber 209, a thernmal interface materi al ?((gl LYY ,,éé])z,
and a 5 die 220. By elimnating the use of a spreader plate i guire £23) |
it is possible to elimnate one thermal interface materi alP@ﬂﬂS(ﬂB&ﬁ?

i nterfaci &0 883 ct surface. The interfacial contact surfate is a surface
that transitions fromone material to another. Both the additional

interfacial contact surface and the additianal r lntel hagacenat eri al
wi | | i ncr eaggfdriedampingsiestuan £d0 ﬂl@‘f@‘&iﬁfﬁ'?k?ﬁ?eﬁggﬂg?r\eptgent force Fis

applied with the bracket 206 and the backing plate 202 using fasteners
: e va is free to pivot an remai n _para to the die
203. Th !paﬁe"eﬁa?ﬂﬁ 4909 is f i d i Il el he di
ich can ; 0! {Hskheamilusraten een t*hi ckness
220 whi ch e, bl oq;lgm'@f [ eanilustration ¢l tm%@ﬁfafceﬁi' k (TIM
F

1). The central point’ force Is applied to the vapo larel9 made
stiff enouglppliedrte aiveponairqrbry 20 eFﬂgl’é@Ff%‘%"rmﬁge?'ﬁ! @I%?ge@ gfa15 As a
result, the center point force F | |4 teFt yap tis pbsitileto and a
uni f ormS cIéﬁﬁ??rgBYp"rlég%FﬁgHmi%Sefgélsgg%d?gﬁfhég a@gfz%. Tg ensure uni form
TIM 1218 thjckness  the hhehRace fsedrfabard omt itérddcial contashsufage ntMappl i ed
at a uniformthickness. However, slight vari.atio&% in the TLM.1 212

thi ckness amtapieial eontaaysustacaisceptriase ghatfrappoRs NPTALY HaS Tmteri al 20

properties such that the TJM 121 f Bsurdace @8l lthe sdditibralabertrarl poi nt
force F uanﬂ"%F‘mg?erﬁdt‘#%%iéngtgﬁlgés]alaégﬁ}ﬂéved. TIM 2 210 material choices

for the desi'ngé}f#g_inqga;im%@@g@rthphﬁilee(iﬁhme 2a) can include many

adequat e therfmal conductors such as; epoxy adhesjves, grease, or
a sol degp Alter n;agéinedhy,celtiﬂ&qnqinbfs?scefﬁlﬁaBPgﬁﬁaﬁi‘tﬁdL%gﬁcF%Zghgﬁ? qu% 25 cont act

may be used between the spreader pl St ROP S frdesibgrdbtahda
thermal int b?@&t%?lﬁﬁ%ﬁ‘{fﬁ!g '%Ftﬁf‘ﬁfgfgéq}%ggf’%g both the spr e_agjgrgcgl ate

design (Figure 2a)ang, tBidriewhiciaps mabitainsennifarnatereat GG (Fi gure

2b) can use a phase change thermal interface teri.al,. se change .
thermal i nt giat@ie thidktess (EHM &)affhbéer&rwpé}*?%fFe EE%?Ppe{ISEd'ItﬂEr?%ﬁHoBWETM T454

(Chonerics, a div. of Parker 30 | f e Doa Wnder MA)centb4 pdint forae Fher mal I'y
‘conducti ve, Cl@ﬁn@'&'rngﬁq‘qcﬁsﬁg qnoygg‘q{}?}éss Rai%{g WO 02/ 27785

15  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. Howevet, slight variations in the TIM 1

212 thickness as applied may be acceptable if the TIM 1 212 has material

20 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

25  contact may be used between the spreader plate and the heatpipe instead of a

thermal interface material. TIM 1212, 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

30  Hannifin, Woburn, MA). T454is a thermally conductive, electrically non-
' 7



PCT/ USal / 30367 conductive, dry filmthat softens at device opgrﬁti@m@ sane
tenperatures resulting in a "grease-like" performance. T454 ¢anh Be" used as
a pad between the spreader plate and the circuit package j&BLfBodd) Of
bet ween t MO 043> chanber and the die (Figure 2b). T454 cgérf ,ge obt ai ned
with a uniformthickness of 0.13 nm The 5 uniformy thin T454 material, if
properly applied to maintain ifs unifor LAKR RirB4 FAsaRmgtinar mal

resi stance.cwduaﬁﬂ%ﬁﬂbﬂhﬁéﬁt%&e‘?ﬁ#ﬁ% ‘F%B%Fﬁgﬁﬁgﬁ?r@ 3 a br?lgkegéq::»?@
acting as a,_ springy 2 905} Ath d ised 38Q, paidshebaetrethe dptaadar BaEki ng
plate 304 m%#?#&gvgggf%’l‘ﬁgﬁ%%nber 306, die 324, pripted olfoplt board
substrate (§ubskcate) paditgedhigutdidy) wabetn@enihey IRAIENARVET 7 4 n

between. The spring clip 330 has thr h- hol 1sheambagiel ng pl ate
304 thr eade(cfigvat'é'h)-%%E%i@a‘%‘?{]@%ggé%%érgéhﬁggﬁg and a center point
force Fis applied.t.o i gl Gedyo malighindts eifean332 on  t he
spring ¢lip% ¥gf%‘gtég§?ﬁéag&§%2ﬁpgé%ogia ?oned to create a bal anced

cl anpi Nng or ¢hi &ABR! ASGinviged thenraloesistascesandwi ched or stacked vapor chanber
306/thermal 15 interface nmateri

al 322/die 32 e rin
clip, backing pllage e&ﬁﬁ’&’ﬁ’é‘?ﬂ%“(‘ﬁbﬁé"rtﬁéﬂ’s ’ggbéé,’%g%gaggsﬂ I u’;?tr?g?edspi In )
Figure 3 reacts on, tihe C M C wie €9 ithchawaeer 306,
9 i nt%%aqlr%itaesrpﬁgfgc@ 50530, QURWRY t6 amackieptplaté 80w

t her mal 2, die 324, & substrate BJIE%B t he, conput er

ggzpoggngr ?] %ml gb?dii@_azm@em, f‘ t&dté::cgﬁtrhorg:l gmsga?dzu%t? h't?é@@ﬁ'd“ Llat e )
. e total clanmping force plied . ' 2 h¥led 33PRNAs. The

spring i pint@fze materalS24in BPWERY -@'&esé’f‘?gé:?% %ﬁ@%gmvﬂa?%@t he "spi der-1ike"

shape conbi pe tq. creal 6,AuS0IddAthdIAS0e Rfréin stievssyab angthetaded3e@.a Wt h -t he
spring clip (9? acgipng as a spring, as long as_the spr. rlg cl '92392 has
‘some def | eCidnst ot fardedbislapplid tothe agpor ahiamber Ao byp it PSR,

instal l ed, and the def| ection stays wthi.n e Latas ef spring
" response, tﬂ’@SPdﬂgéhEpfﬂ‘Féﬂsecdoar{a?léﬁlfé’gﬁlhgg%&]B(g&ggtgtgﬁg'ltlagﬁt craegar%l ess of

t he anount of defl.ecti 6. 2Ha G idfed loR Stagked Vepar ahamben3Q6) shermabenbl y
procedur es ?Wpﬁeﬁséf%ﬁrg{?%ﬁgof the apparatus 302, 304. Such a sinplified

assenbl y5 Pr & ES e Fodteriall 320/ die324/6subdiratedd.onal tol eranci ng of the apparatus

302, 304" and conput er. conpopent s, 306, 324, pardidk)abhT0aas alsusestl 0

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 resuit 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 simphlihed

assembly process may allow broader dimensional tolerancing of the apparatus

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



82 /i MAR Cr!i5 WD 02/27785 PC T/ U501/ 30367 determ ne the cegt;pr‘ygpiZﬁqﬂ-
force F applied to each stack of conputer conponents 306, 322, f:‘ 4, “3 %
during assenbly such as with an added quality test. Positil(a(?elg (H%Ia? h the
spring cl WO8BY7% a vapor chanber 306 such as may be manufa tUre by

Ther macore, Inc. (Lancaster, PA). The vapor chanber 306 5 can have a |l ength

of approximately 150 nun, a w dth of r OXi e oRehtdi ckness
of appr oxi nadtedrying tmenﬁT@Wﬁﬁ¥ce&?§r§§?§ t%ﬁatf%%éacg?;f)%grp ederact ne end by the

stack of conputer__c nent s Q4 asHith amAddsbqiblitg had bet ween t he
assenbl y 303%8%)2@'3%‘&82?8“??\%3%5% gjrly end by a pair of foam bl ocks 310.

Retai ni ng the fgayndined bendiR ter SringlipR is ovapssichacdep3Fen AP FY pass

through a pair of through holes in at brac 14 Lodd3f 9oh a pair
of hol es i nbd wenfifacsired bpihmaegera1oc- (gfg&‘@“sﬁ' %g‘h'd]? 4P e‘g‘t pi pé 306,

through a pair of holes in the. f AT Niggiof3bProtifaedgh0 mmai r  of
st andof > t upEhaYES, e‘?ﬂfﬁcﬁ’{laﬂpgxb’gﬁéwﬁohol es in the%gri nted circuit board

substrate {%}3 sk Bt ¥f dpprbiineaelyBnhm. t hr eaded hol es 305 in the backing

pl ate 320. Wthi n the stack of conput ﬁr con%)oyﬁnh;s ig% 208 "133’4 318

and positioned Trenempohchdrabera9bns ppepier 2868¢ F19 PYLErAEX Yierhal i nter f ace

mat eri al pad (pad) 2, Wi B8 dsSerhblg 302 S0824dadnnect ed

to the prinfBEPeT ‘%%?#%ﬁ%’s ra{:%&gbleg%q%enﬁgsfg ﬁ pl{rgi&ritﬁed%gi rcuit

‘board subst pat %Jet},di ;pﬁﬁ} bi Paadblbke 310aRkiamnp agoloc a&lenbl vy,
&1%'0% 02 itg” pl ac

the spring clip ed over an end, of, the apor. 306
restingimn phieopbeltSH2 thatfirsepass Hefoush Pgtfffiﬂ%rof’ﬁég‘o¥e§s 35%%%%%% f our

screws 326 and washers,328.. the find FoRABfck BIO YR hved the t he
printed ciref Y F%‘@Lfﬂ%a{‘?%{iéd%%ﬁ%q% thread into tﬁ?eaded hol.es 305 in

. the backi ngeali{,%&a%oa,%ougm B efi5olagi thryedond foaghblaskd10rhraughePPeet 330
|

of the spring I'p 302 I'le Tlat against, the printe Lreu q

substrate 3aGstanddff tubes 215, yengh a(ﬂaird’r} Sf’ﬂ‘"g% Ay t%?.‘%ﬁ't"wb %fgtel%?’ (E) ate

interference at the raised ar 10008 i the HaQRiEipdate3@0y, rai sed area
bpiEH BrSzoft fReqiid 1t e

exi sts on tPE 4 center of the spring - e
15 Within the stack of computer components 306, 322, 324, 318 and positione

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 (shownas

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

th the die 324 mounted onto the printed circuit



" conbi nes the 20

clip 302. The screws 326 may be bonded in |

_ _ pl ace with an epox d '

(S:Ih(r)\(/:mw)t é(s)sggi;lré :Tié b_?_ﬁl n wth tEe die 324 nounted onto ?hey%o?fi Pllfﬁ‘{:l\ég@ﬁ( not
318. The vapor c anber 306 support struct X

?ottom or REUETTSD 2 4 | Al AR 2805 WO 02/ 27785 PCT/ USOL) 303%‘57‘6@5‘51?%%}2’8‘) ¥ Eg

oam bl ocks 310, bolts 312, and standoff tubes 316 are | oosely éssem’al ed.

The pad 322 is placed on the die 324_and the h | Lti
m . e t pi tioned above
e pad 32231ansR0, desfohwy bledtsi3g. bcﬂﬁ%é’ﬁ‘dtsﬁaé‘dtogﬁu E %%ﬁlﬂlf’b g%:cﬁgaglo. The

spring clip 302 j ace er ARAId; y e
. d th3®e dBOssitiving
332 5 (shomﬁS‘F‘BPieaogjﬁ‘ﬁP& 3 n|‘f’yf,"ta?e§d| és/ed aru?a@iragﬂon thaewg?her sisde ofédt ﬁ;ea

spring cli p,RQ@khe H5SB2NEhdlooBelp bstingdblabseem the twh éoaraplacke Blhbde 306 to

apply the center point load F. The backin ' .14
The. bri 1t edepingiidBasprcebibstr e P TB-aNA 1V LB P sBeTet 52 b eaded 1 n

pl ace. Finally, the bolts 312 ar ' . g :
10"t hat® SuispoRP PHECBR P s s o o R B e B SR Tho

vapor Cham%}&?gﬁt 2 SR CRSsed onaRekaghtatizmbeniifctobypiihibe eavisr point o3¢,

(Lancaster, I's positioned beneath th ' |
poi nt | oadFFThsbapg pdchy04 iﬁé’ogigigﬂﬁbb@%g‘p%‘lﬁg’qﬁéigﬁ%gﬁ?o%ag?ﬁ%&%tglor

chanber 306 that is cen ed. Qv ' Tt ROPII2 i
3 oplslel y hel @%“dtthé SESB’C??%@”%%I%F%H%H Cg' ?%gm'stﬁgggrt blﬁg%ghﬁgaoﬁé
still free IOSPJ; t}/ﬁthbmoﬁhlblmkaawtms@mti}hutapor tlwanker 306 ANY OPPSTE: ed

i
bet ween the vapor chanber 206 and the di [
\ _ e 202 is the | ow thernal
resi st ate thetserckace pad (pad) 222 that is 0.7" X 0.7" X 0.005" in size

The pad 222 nmay_be nade, from a..p [ [
et e e 3 B Y e acia i (h he

| ow t her nal ;. . .

ow t! Idd '@%. danes, PR ?hﬁ»(tim{ dQereak thepsirtg dipd@2LBrecantral peinpr |
circuit boar& ubstrate gi S tﬁe backi ng b *th brl nted
' load F is applied by the spring clip 302to a point on the vapor chamber 306 that is

centered over the die 324. The vapor chamber 306, loosely held at the opposite
15  end by the foam support blocks 310, is still free to pivot in all planes to distribute

loads evenly.
Located between the vapor chamber 206 and the die 202 is the low thermat
resistance interface pad (pad) 222 thatis 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 Washe_rs 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.
[llustrated 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



plate 304 that accepts screws 326 passing fromthe spring clpp g‘%i t-nr.ough
the "printed circuit board substrate 318. To linit the bolts 312 and“étrews
326 from 25 "backing out" of the threads, |ocking washers I;}‘rﬁgblgmgsi ve
may be us®P BB d the bolts 312 and screws 326 in place. e screws 326
may be bonded into the backing plate 304 threads or bonded at the screw

head 326/ washer 328/ spring clip 3Q2 interfa . LAk-efhrina fikQur es 4a,
4b, and 4c,fromha @mgnéﬂi%‘hﬂﬂg%gﬁpﬁ‘e eosrtan%gﬁﬁ‘igr‘%%%ﬂ%o 1.% nm t hi ck 404

spring steel sheet SR N\ @ntdridepARZionags, fhe depressist 4ipded 10 2 /i
| M 211 C wo‘%aﬂ%%%é%%gtﬁg@?epdl USQl /30367 froma pattern and, then bent to
shape. The ﬁgs@rgpimpwefr&hﬂsansmef‘wBnnéhﬁfmmos“ﬁﬁifiﬁiﬂhﬁcabﬁ% BEt the hol es
and a center depression 406, the depressiqn.406 .t 0. i telfl7ORLR" O

rai sed surfsuge4odtdpad nEheoiRsag i@ @%8¥eﬁaﬁ§t’mgrésﬁsgfosp p@’lnt%ﬁteﬂ%l %?ngl e- poi nt

| oad. The spring clip,402 ov i, 4§45 I3 htéls Sapl e rmseel ared@0&ah 410
squar e, 't‘ﬁoéagﬁ‘er!e’zﬁ\ﬁagﬁ‘ﬁegﬂ@%‘éprgﬁi mat el y§8_ nm The raised area 408 at
the Spring gkisprifP2lif a0t Edntértmsa redidisis thernppieximp s gRpRat b~ 1aRY8- 6he 1- 12
mm The |egs 418 of the spring clip.are bent .w S AR82400 nm
out er radi usgs4i® of the gpring ‘élim?feﬁe“%ﬁ'“gﬁﬁépgf%x%fm%?r?g?@%: a backi ng
plate, a bracket having a raised area, a plurality of fasteners connecting
t he backing plate with the bracket, and a plurality of stacked conputer
conponent s conprising; a heatpipe, wherein a centerpoint Force is applied
to the thur ality of stacked conputer conponents by the raised area that

pl aces the plurality of stacked conputer conponents in conpression.

11



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

surface, wherein the centerp0| nt force provides a uniformpressure appfl i"éd
to the die surface. 3. The apparatus of claim1l, further conprising: a
circuit package having a surface, wherein the centerpoint force provides a
uniform pressure applied to the circuit package surface. 4. An apparatus,
conprising: a bracket having a raised area; a backing plate; with a
pIurallty of conputer conponents in between wherein one of the conputer
corrpoH\éQrﬁ%mi S a heat pi pe; and one or nore attachnent features wherein the
bracket,is att hed .to the backing plate with the raised area of the
brackgtArb? (Swra Omgns'neqnter point force to the heatpipe to clanp the

pl ur aLigt, rQ]fp,amporrputer conmponents together. 5. The apparatus of claim 4,
wherein thée raised area is a radius. 6. The apparatus of claim5, wherein
t he radidefetinsvimy 4 @RGELar0d, 2-4 mMm 7. The apparatus of claim4, wherein the
raised area is a flat surface. 8. The apparatus of claim4, V\/nerei n the
br acketplufdiigroéistaseracapedtingthe bockirfiphatapiiehabasebne] ai m 4, furt her

conprisin plurality of bracket through holes; aligned with a plurality
of baeualuraﬂtv;@ra@@e@w&eeommne@scmlsmehe one or rmre attachrrent f eat ures
arefateners 12 MA 21r m?ﬂ futth

conpr % Wf"ﬁrg'?rtlﬁtc& Eﬁ;‘n ; '%@ c]@j;lf ﬁriﬁg gﬁ CO e e or more
edges Steﬁgreal i cefs O Braket™ % roug es are oca 3 near the one

or rmfzerhg%ggaﬁawsgf%,alrg'meu@@p@gna&,g!ﬁ .of claim4, wherein the heatpipe is a

vapor cha he apparatus of claim 11, wherein the vapor chanber

I esi ShaiethaGhds Hik QMf228, whefc@ftHé ter@rpdift@rce provides a 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. An apparatus, comprising:
a bracket having a raised area;
a backing plate; with

a plurality of computer components in between wherein one of the computer components is a
heatpipe; and

one or more attachment features wherein the bracket is attached to the backing plate with the
raised area of the bracket providing a center point force to the heatpipe to clamp the plurality of
computer compenents together.

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

6. The apparatus of claim 5, wherein the radius is a range of 2-4 mm.

7. The apparatus of claim 4, wherein the raised area is a flat surface.

8. The apparatus of claim 4, wherein the bracket flexes as a spring.

9. The apparatus of claim 4, further comprising:

a plurality of bracket through holes; aligned with a plurality of backing plate threaded holes; and

the one or more attachment features are fasteners.

12



centerpoint force applied. 13- The apparatus of claim 11, furQhérMAR Jans
conprising: a pair of foam blocks supporting the vapor chanber with a™’d
clanping force at an end opposite the end clanped by the bracket wherein
-the clanping force is |ow conpared to the centerpoint force. 14. The
apparatus of claim4, wherein the items further conprise: die, first
thermal interface material; and the raised area is centered over the die.
15. Tge apPa{atus gf claim 14, wherein the itens further conprise: a
spreader plate, and a second thermal interface material. 16. An apparatus
conpr?&TW@#WG@FQ@R@@mﬁhWFW§CQ“WEWged area; backing plate; pIuraFPty of
conput er conponents, including a heatpipe, in between, and neans for

appl YR I EH e - dnpi ng force through the raised area, to the

pl quhgg,%c@{h£%ggtﬁ5reeg gents. 17. The apparatus of claim 16, further
conprising: one or nore thermal interface materials are positioned between

t he phaipiafality f ShckeQARUSEoles GRITRRRRAITES:. thd 8ne JFineregiges.at us of claim 17,
wherein the bracket is a flexible spring. 19. The apparatus of claim 16

wher ef nThodmpaaiustoheaipl4,whdreit hedeatpiperisut @porcOpetient s is a spreader plate.

20. The apparatus of claim 19, wherein the héﬁt@g}igfge is a ¥gﬁﬁr chanber. 13
t

2 4 MERTEO@HarRius ofglaimd pufeseine ¥PoE FREMpAeT 1§Sis ASBAEHY the plurality of

ﬁg\r/rpmeé?efli@iﬂﬁﬁ’fﬁ?@ﬁ?'?di s a die. 22. An apparatus, conprising: a bracket
i n%_ %herggpgr% | area 16[‘ Qﬁr?etr%rﬁﬁis%:s' ti oned agai nst the raised area;

a pair of foam blocks supporting the vapor chamber with a clamping force at an end opposite the
end clamped by the bracket wherein the clamping force is low compared to the centerpoint force.

14. The apparatus of claim 4, wherein the items further comprise:
a die,

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.

18. An apparatus, comprising:

a bracket having a raised area;

a backing plate;

a plurality of computer components, including a heatpipe, in between; and

means for applying a balanced clamping force through the raised 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 bracketis a flexible spring.

19, The apparatus of claim 16 wherein, one of the plurality of computer components is a spreader
plate.

20. The apparatus of claim 19, wherein the heatpipe is a vapor chamber.

13



a thermal interface material positioned on the heat conductor; 28 digR 705
positioned on the thermal interface material; the die connected to a |
printed circuit board substrate; a backing plate | ocated under the printed
circuit board substrate; and one or nore fasteners for attaching the plate
to the backing plate wherein the raised area is capable of applying a
centerpoint force to the heatpipe to provide a bal anced conpressive force
to the die. 23. The apparatus of clai mWZé, wherein the bracket flexes as a
spri ng- Thaiapraratis shefaimateywhesgin gneyf thephiraliy ol CAPRIG REMPHEPHHE 2 Pht er f ace

mat er#ﬁlé i s a phase change thermal interface material. 25. A nethod of
at t actEREPPEUIHFPERYY positioning a plurality of conputer conponents into
a sta Erac%[f' vﬁh%r& L@imputer conponent is a heatpipe; applying one or
more thefmal 1 nterface rmaterials between one or nore of the plurality of
CONPUL ReatpigeibBiaORAESaind @Rirkibatréy a bracket having a raised area, over a
top of the stack to contact the heatpipe; positioning a backing plate
under a thetr@d Inraf maitbral pdsitioked appd heaahepnduat@nt er poi nt force to the heat pi pe
by attaching the bracket to the backing plate; and creating a bal anced

cl anp# dig pésiifoped erothe thermaah tefiecabatenalher nal i nterface materials. 26. The

nmet hod of cl aim 25, wherein thﬁ raised area is a radius. 27. The nethod of
cl ai nhedie coperted ip pBtedrrePogAS R e ore thermal interface materials is a

S0l O e SR e A Aty Mg o of e one or mure fher e

erials 1S an od of claim25, wherein one

of  t NG QR ol fadlBHefs bNRERg th piSkiAGE bEdIng hlald Whekdin fe rdide@afea.is 30. The met hod
of ¢l @ipBBI & aphifg 8 céht@hoiht@asd toAeneatpipeNeproviée balameecdrieessik farater f ace
mat erth@lig. is a phase change material. 14 31. A nethod of attachnent,
conpri si ng: _
23. The apparatus of claim 22, wherein the bracket flexes as a spring.

24. The apparatus of claim 22, wherein the thermal interface material is a phase change thermal
interface material.

25. A method of attachment, comprising:

positioning a plurality of computer components into a stack, wherein one computer component is a
heatpipe;

applying one or more thermal interface materials between one or more of the plurality of computer
components;

positioning a bracket having a raised area, over a top of the stack to contact the heatpipe;
positioning a backing plate under a bottom of the stack;

applying a centerpoint force to the heatpipe by attaching the bracket to the backing plate; and
creating a balanced clamping force to the one or more thermal interface materials.

26. The method of claim 25, wherein the raised area is a radius.

27. The method of claim 25, wherein one of the one or more thermal interface maternials is a
solder.

28. The method of claim 25, wherein one of the one or more thermal interface materials is an
epoxy.

29. The method of claim 25, wherein one of the one or more thermal interface materials is a
grease.

30. The method of claim 25, wherein at least one of the one or more thermal interface materials is
a phase change material.

14



connecting a die to a printed circuit board; applying a thernal ;@rface
material to the die; positioning a heatplpe over the die; p03|t?Jﬁ|mgLa)
bracket having a raised area, over the heatpipe; positioning a backing
plate under the printed circuit board substrate; fastening the bracket to
the backing plate; wherein the bracket raised area applies a uniform
clanphng preSSU{e to the die. 32. The nethod of claim 31, wherein the

raised area applies a uniformclanping pressure to the thermal interface
mat $r$1aR§TEt®9° qt?@éhrﬁ%‘tt KBAPEINgc] ai m 31, wherein the raised area applies a
uni formcl a sure to the mating surfaces of the heat conductor and
t he dfoBnecsd ng déymgﬁ?%ghnen conprising; connecting a die to a

print epgly%lf;rw%g%a@%{age ﬁ]ﬁ@ﬁélq%@d!e appl ying a first thermal interface

mat er positioning a spreader plate over the first thernal

i nt ergﬁﬁgm,qgag Rdake overdPliyi Ng a second thermal interface naterial to the
spreader plate; 'positioning a heatpi pe over the second thermal interface

nat erjoakioning@bratkeDitiving adaididandes bven toeihrgtpigerr ai sed area, over the heat pi pe;
positioning a backing plate under the printed circuit board substrate;
f ast epusitigningvebasking Rlete under thecripige k¥ PPAA B Hfer ei n t he bracket raised area

applies a uniform clanpin ressure to the die. 35. The nmethod of claim
34, vipgprnghe prapkehiothehaskind PIRREMEHAt mal i nterface materials is a phase

changtﬁ%ﬁrgg%%ﬁé%%eg%p esam;ogm c@}npm%?resﬁpe gRRasiat us, conprising: stack of

conp nprisin vapor chanber thermal interface

mat er Ak, d B.R6E e 31, %Qr%ln'iﬁb rBIsé& Qre£ aﬁﬂhsﬁﬁdmfbﬁn aarlamag:&eﬁsuw thkhet he st ack of
COMPULEmafiRiBRSeh&ialsN bet ween, and

33. The method of claim 31, wherein the raised area applies a uniform clamping pressure to the
mating surfaces of the heat conductor and the die.

34. 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;
positioning a heatpipe over the second thermal interface material,
positioning a bracket having a raised area, over the heatpipe;
positioning a backing plate under the printed circuit board substrate;

fastening the bracket to the backing plate; wherein the bracket raised area applies a uniform
clamping pressure to the die.

35. The method of claim 34, wherein at least one of the thermal interface materials is a phase
change thermal interface material.

36. An apparatus, comprising:

a stack of computer components, comprising:
a die,

a vapor chamber,

a thermal interface material in between,

a backing plate fastened to a bracket with the stack of computer components in between, and
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2 4 MAI the bracket conprising: a raised area positioned on th%va@pré
chanber providing a single point conpressive force that is ce el“r ’ﬁi(“%viéw
the die. 37. The apparatus of claim 34 wherein the thermal interface
material is a phase change thermal interface nmaterial. 38. The apparatus
of claim 36, wherein the raised area is a radius. 39. The apparatus of

claim 36, wherein the raised area has a flat area that contacts the vapor
chanmber. 40. An apparatus, conprising: a bracket conprising: a raised

ar ea; thg brpsksticerpPiisindt e; with a plurality of conputer components in between,

i ncludi ng .a vapar_chanper, where each of t.h ral.i ter

conpofi gdaﬁﬁéiﬁgﬂ‘%'ﬁp PEES Vg?oéghalmﬁ)ef:%%f%@qa\%&"@%pﬁktlr{r:gﬁpﬁéé{?g%gg g}r)' gcorrponent
surfate,and one or nore attachment features, wherein the bracket is

at t achedpl QodaNRuRACKE: WHeRlirPth¥end) heertabingtBhl RTBhadd cHahge: themrk et

provi fichgcean&esdier point force to the contact surface areas. 41. An
apparatus, conprising: a bracket having a raised area; a heat pi pe

posi t 3% madamgeadtussif chine3s; ahaeid teraised aged ineradids. | nt erf ace materi al positioned
on the heatpipe;, a die positioned on the thermal interface material; the
di e c¥hitbesrndratus afclpiri 36 wherein thegritedynen kpsalgsarpathat contaps €161 V38°pl at e | ocat ed
underch@A®eprinted circuit board substrate; and one or nore fasteners for

attachi the plate to the backing plate wherein the raised area applies a
bal an%oeg‘ﬂéB‘?%?tE%§?'U%”sF’8‘r ce to the die. 16

a bracket comprising:
a raised area;

a backing plate; with

a plurality of computer components in between, including a vapor chamber, where each of the
plurality of computer components has a surface area in contact with a mating computer component

surface, and

one or more attachment features, wherein the bracket is attached fo the backing plate with the
raised area of the bracket providing a center point force to the contact surface areas.

41. An apparatus, comprising:

a bracket having a raised area;

a heatpipe positioned against the raised area

ra thermal interface material positioned on the heatpipe;

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.
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