; e3eX($$%R4& 6( TX(ck' Docket Vo.: 200300041-1 METHOD OF ASSEMBLY OF A WEDGE
THERMAL | NTERFACE TO ALLOW EXPANSI ON AFTER ASSEMBLY CROSS- REFERENCE TO
RELATED APPLI CATIONS [0001 ) This application is related to concurrently
filed, co-pending, and commonly assigned U S. Patent Application [Attorney
docket 200300040-1 ], titled "VARI ABLE HEl GHT THERVMAL | NTERFACE";

co- pendi ng and commonly assigned U. S. Patent Application 8g&dad. Nrooosi-1

10/ 419, 386, titled ' HEAT SI NK HOLD-DOV' V W TH FAN- MODULE ATTACH LOCATI ON, "
filed April 21, 2E8THOD OFASSEMBBYMOEAMWEDGE PHERYWH INTERFARH ent

Application Serial No. IPO0AIL.CWEXPANSEON AFYER ASYEMSBIL 3P THERMAL- | NTERFACE
DEVICE." filed April 21, 2003; co-pending and conmmonly assigned U S. Patent

Application Serial No. 10/419,406, titled "VAR ABLE- WEDGE

THERV1AL- | NTERFACE DEV ICE." filed April 21, 2003; and co-pendi ng and
comonl y assigned U. S. CROSSIREFRRENCETO ®ELAFEDAPMACATIONS 4, 642, titled
THERVAL TRANSFER | NTERFACE SYSTEM AND METHODS. " filed Feb. 12, 2002; the
di scl osures of alloool] mmishp;:aiwiohémelaged itmmc:tpmnﬂy 6derending\and edremeniy e.
FI ELD OF THE S inyenti . and
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fiberqgl assth@@l%(flbﬁfes o'f!al'ITEf wHitH &re H&El?;hh@drp&ﬁ@d melHSﬁgEféi@]C@. thermal -interface.
where one side of the interface is’in contact with an 25300334.1 Docket

\o.: 200300041-1 active electronl e, ve to netals, these pads
have | ow t hermal conducti VI ty IPE?E W%%%ﬁé forces are generally

required to conpr t ads reover, si.licpne base pad cannot
wi t hst and hi gh teﬁ"f?@?lat E%DW/X}EW St and oy rﬂe‘@ﬁ#‘f‘%ﬁf[ g‘i‘

accor danceneydht {he@ﬁhmﬁémdé.rrent di scl osed herein, a variabl e-hei ght

thermal -interface assenbly is provided for transferri ng heat from a heat
source to a heat sink. The C I Se L slidable interface
bet ween two contacting surf@g@@#%@‘ @W@ﬁ%@ce i nclined di agonal |y
relative to a z-a paral lel to the short.est, dist.an et ween the

source and the heﬁit()ﬁé atherer?fECIEW @B‘E‘Fféfb\w%“ekba g‘if:[ ?lﬁlﬁggﬁﬁ‘f@ ac?ﬁleq}%mcga?od'esl i de

relative tohean@umBdbhedampiragirdeessot ar dtHbGacﬂivE etett'rcmn: deticé.hBué¢ ochtisteng m provi de

Z-axis expansi an the thernmal interface errbl further
conmr 1 ses TREHT aighe P ARECAIRPE A SE3FR B S By B CR RGN B Face,
the spri nghehdapsigipandahe gctivk devidee [Toers écthénm reepd foy a sheshgamterffaze cefilategss t he
slidable i nherfac t The .@hear hfagrce cause Y he two contacting surfaces to
slide rel af ﬁgnctuge'bwé”%vd ?%089, ¢ Ha'bﬁf‘?rﬁb PERE sl i di ng to provide z-axis
expansi on. The assenbly further conprises a reversible | ocking device,

oper abl e when in 00éc KEdditiowrdlyt ieatrhas beeptasfertedtbhiavelrya beat enwrczaind ngeaé;urfaces

From oF{ i g LRLEbinGrikin AR BRUISTn UG of 130 > SREENL LA™ 1o

retracted e reversi |ng eV|ce 'S en in an unl ocked
condi tion nads alfdr examfie 'I’llmBermmstammnagy e Velcmge hitp 51 wwe. berghiastranepanp.cane

anot her, _gaphﬁét EIII;] gndsngaleggveg lp!afes (ﬁ’fel;seel t%x?fe q’conformable low-modulus filled

silicone elastomer pads of various thickness on rubber-coated fiberglass carrier films. This

material can be used as a thermal-interface, where one side of the interface is in contact with an

25300334.1 1



[ 0006] In another enbodi nent disclosed herein, a nethod of installing a
vari abl e height thermal-interface assenbly for transferring heat froma
heat source to a heat sink is provided. The nethod conprises providing a
first slidable interface between two contacting surfaces, the slidable
interface inclined diagonally relative to a z-axis parallel to the shortest
di stance between said heat source and said heat sink. TheD&W?%cqﬂg@&&hng
surfaces are operable to slide relative to one anot her paraT'ef to the

di rection Qfivd i tiofie!dbNee. tIRIRKOW HAalZ 1R%E adSKRRANSW eRriRd] chitRcliigr Nal
interface assenbly. The nmethod further conprises spring_|oading_the

sl i dabl e ifwtbernore langd farpesars generpily cequised 1o cappiess thess Radsr Maspqver SHFUISs t he

sl idabl e i&%eggaggﬁﬁi&&{oq a'%r%ﬂﬂlhti eterﬁperritﬂgs‘.l oaded slidable interface to its

nost retrac tion, a otking t retracted spring |oaded slidable
interface reversibly in its nost retracted condition. The nethod further

conprises installing the r BREESUMMARY RETHEINGENEPNpri ng- | oaded sl i dabl e
interface relative to the heat source. TH_e maé,h d %grt.her c.ogg_ﬁji.ses

unl ocki ng the revi08%l| I acenedange wigh fngrpbodimsgt ‘FFS"SF JeB Y3 g2t er f ace,
thus rel eagimdl-inbefasdisbditbl) RIEMA R andrariGEhab Homaheat3eurt @ alhem sak300334. 1
7 Docket :Vo.: 200300041-1 contacting surfaces to s|ide rel 1}?'@1/134? 0 one

anot her, cOwssengin sompsisesai g shidablsriperiens bstvasy Woseptachng Sirfages. { nal
interface ; i | Raya¥i Odd; 110 tHetBotestliislco Sadeithhdar @
vari abl e- h@?gﬁc{m{lﬁgﬁr@?g@{%ﬁa)ggéemgas?g%ﬁa;ﬁiggepreovi deéd_lf orC tr aﬁsf erring
heat fromsauiteand thoheat sink.0Thke tivegontadtink surfakes asesepsrableyto glideelptivedo ang j r st
slidable i : i ac 3 i interface
s nl | ndA P AR BUE RN RIhARE o RUE L BEFPpprlts TR

di st ance beterfansseaibty. Hdatsswhivderttencomsmises dnpeng slipmrechatieallyipringdpading i ng
surf aces e rabl [ e L\Ve, he
directi onaté SlﬁncFfnﬁgﬁﬁcé’q}b{%\bﬂg%ﬁpzépgialbl\sé%e}%géeﬁ%?egﬁggéﬁﬁsé&ﬁfgl}ch%m%sﬁ{léer face
assenbl y. slidsblamsefaid. yTHeshdah arcecnanges ihs @so eontagting wirfades td hgk ralayivd toirse

conpri sing a,l ocki am.mechani s oper abl e r t

Coht i ve. SrpiEnEcuRee B THARE RN O - A Rpls Ry L A BBl |
| ocked t 0 rapfdiyle $qekingdevion dpeighlawhanss aﬁd@EedlsdohdiﬁhﬂEdr&vteetrtham.coﬁiﬁttﬁg f
DESCRI PTI ON OF THE W NGS [ 0008 | GU is a rspective view of an
enbodi nentSUFRIey E’PP&BFF’Q% ’%la‘{)’ﬁﬁ? 951 %mgéfdﬁ‘EE ﬁ%@?‘ﬁé‘?"-"ﬁ ﬁﬁ%feg’ﬁ&“é rHesicde  #009]

FI GURE 1B reteriblp Bicking Gkviveis bp&ublOwhéin anrinioiked ednditioh tsdlloat thevgveecoaprtingg
| oaded vari abl e

-wedge . thermal -interface device, in V\/r]i ch,a spring clipis

added to tHE2IERL FHIF r§13VE S %ﬂ?é“%fh?h we g‘ﬁ" ‘E‘? %&‘Jﬁ&c“%’ﬁs ¢le5h) FIGIRE 2 is a
perspective view of an enbodinent illustrating a cascaded vari abl e-wedge
t hermal -i nterface[0de§] Ck,anbthenvdiiboliniemadisetosediteeeivadgthosdtof installinga vaiiabld-ar t o

height thermal-interface assembly for transferring heat from a heat source to a heat sink is

provided. The method comprises providing a first slidable interface between two contacting

surfaces, the slidable interface inclined diagonally relative to a z-axis parallel to the shortest

distance between said heat source and said heat sink. The two contacting surfaces are operable to

slide relative to one another parallel to the direction of the incline to provide z-axis expansion of

the thermal interface assembly. The method further comprises spring loading the slidable

interface using a spring clip to apply a shear force across the slidable interface, retracting the

spring-loaded slidable interface to its most retracted condition, and locking the retracted spring-

loaded slidable interface reversibly in its most retracted condition. The method further

comprises installing the reversibly locked retracted spring-loaded slidable interface relative to

the heat source. The method further comprises unlocking the reversibly locked retracted spring-

loaded slidable interface, thus releasing the spring-loaded shear force and causing the two

25300334.1
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vari abl e-wedge thermal -interface devices depicted in FIGJRES 1 A and 1 B
are stacked or cascaded in the z-direction; [0011J FIGURE 3Ais a
perspective view of an enbodinent illustrating an assenbl ed vari abl e- hei ght
thermal -i nterface device, including at | east one single-axis rotary
cylindrical joint; [00l2] FIGURE 3B is an expl oded perspective view of the
enmbodi ment of variabl e-hei ght thermal -interface device of pfl&JREo300bi-1

[ 0013J FI GURES 4A-4B are perspective views of an enbodinent i1llustrating a
| ocki ng pidantaeihgeudsee midlide rePHisOHIa4 adother, [PogHidk tHYGliding @RFOVAeL-bxid [ 0014]

FIGURE 4C is a, perspective view of an enbodinent illustrating a variation
of the | ocRPHEBoAthGerrgaalduedsrsrPeBP!YFI GURES 4A- 4B; [0015] FI GURES 5A-5C
are perspective views of enbodinments illustrating a wedge assenbly

i mpl ementation, o ClA y3t hSfhkr smbdlinRkacEscldsed Réiald aeablehéibi theahalcont act
with a heat sink extension, and is provided with a throu ol e_al i gned

h
Wit h t hr ousriaes|aesembly is provided) s transéam ReatfFm p ReAl FAFGego é%é"é?‘&h-c@h? or a

| ocki ng i RsembBOcb@pricds @& sfiddbke iaferEoeReQdedvRados Rl sufacés. EMheQiidable
enbodi ment_ il |l ustrati n% an alternative type of reversible | ocking device;
1

and [ 0017]interfegegpgsinglined dipgaralixielative 1ot avispargle! rtheshopent dishncebeMiEr jaid i ng a

heat si Nk peat source and said heat sink. The two contacting surfaces are operable to slide relative to one
another parallel to the direction of incline to provide z-axis expansion of the thermal interface
assembly. The assembly further comprises a reversible locking device comprising a locking
cam mechanism, operable when released to cause relative sliding motion of the two contacting

surfaces and operable when locked to apply spring loading across the slidable interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGURE lA is a perspective view of an embodiment illustrating a variable-

wedge thermal-interface device

[0009] FIGURE 1B is a perspective view of an embodiment illustrating a spring-
loaded variable-wedge thermal-interface device, in which a spring clip is added to the thermal-

interface device of FIGURE 1A;

[0010] FIGURE 2 is a perspective view of an embodiment illustrating a cascaded
variable-wedge thermal-interface device, in which two or more wedge structures similar to
variable-wedge thermal-interface devices depicted in FIGURES 1A and 1B are stacked or

cascaded in the z-direction;

[0011] FIGURE 3A is a perspective view of an embodiment illustrating an
assembled variable-height thermal-interface device, including at least one single-axis rotary

cylindrical joint;

[0012] FIGURE 3B is an exploded perspective view of the embodiment of
variable-height thermal-interface device of FIGURE 3A;

[0013] FIGURES 4A-4B are perspective views of an embodiment illustrating a

locking pin wedge assembly;

25300334.1
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hol d- down device, in accordance with a disclosure incorporated herein.
DETAI LED DESCRI PTI ON [ 0018] The enbodi nents di scl osed herein describe a
system and nmethod for creating a thermal interface that will fill a

vari abl e gap and concurrently provide efficient heat transfer properties.
[0019) FIGURES 1 A and 1 B show a wedge- based vari abl e gap thernal
interface, as disclosed in co-pending and comonly assi gnﬁg oS- 20fRb 5t
Application Serial No. 10/419, 406, the disclosure of whic as been

i ncor porated herejgp1dy FISUREACR a pb@fifile idvbRia embOdinfenBillR@FaSREE VirkBory i eW
of an enbodi nent 1llustrating variable wedge thermal -interface device 110.

Ther mal - i rf éeflagkingin vedgepsmbbIRIFIGERERA41Bs | nk ext ension 106 with fl at
upper end 107 nechanically and thermally coupled to a heat sink base (not
shown in FI GURE 1ioh)s) AFIGRIRIRIIALSE Yre pBRALcti®d NikweotleRibOdiRRNE QfusitRingRe
fabricated as an integral part of the heat sink or heat sink base. For
conveni enckedge assembly amplemgrigtiony ia vdirharheptsink baggreinstalled ig thepmaliggntast withp and z
are ortho r fi. j & ; ] L ion
106 and T O RnkgRFRASR AR Ry o SRR AR LR R RRE Ve
z and y axesmbbeand psovikingsiearanse & algbingpina | ower flat face inclined at a
wedge angle relative to the x axis in the exanple of FIGURE 1 A [0021 ]
Lower wedge el enepjoidy PIAE &R ﬂ&aﬂédeéﬁérﬁﬁe@velm@J»bm@n%dm@t igadminedge
angl e and making sliding contact with the lower inclined flat face of heat
si nk ext erfviabematde. typesgoo3Biple lockimpdaxise: 3. :  200300041-1 Al t hough the | ower
flat face of | ower wedge el enent 105 can be inclined at any angle rel ative
to the xyz rotati [i@1¢OOF iU Bis¥eteRMic diggrat @NMESHhIRAGEent Nubthking X Aegokigk Of
FIGURE 1 Ait is oriented parallel to the rotating xy plane. Likew se,

al t hough theld-gayRedevice oif apegedaness withydisclqpig dreomo 'fH5 can be inclined at
any angle relative to flat upper end 107 of heat sink extension 106, for
conveni ence in the exanpl e of FHEBCREED PESCRIPFIANI ented parallel to flat
upper end 107. Lower wedge elenent 105 is coupled thermally and

mechani cal |y t o hgoel8]s oTiecetnbbinean dist losed hpreimvdesteibe @ bystem amdtmdiaaitfot r ansf er
from heat source 101 thrqu sol | hi gh thermal - conductivity _material of

| over weddesing aitmmalomeg trtsit & ardsle scPg ORGSR Y At B it "bace.
The sl i di ngmsefgagdmidsnt erf ace between | ower wedge el enent 105 and heat sink
extension 106 may be filled with a conformal thermal -interface material,

typically thermal areas ast e o reduce both thermal resistance and
friction. Heat soUﬁ& 1’%5.:‘ %G%HEI shoy ﬁé"eg&ﬁa?fiﬁf%"%lﬁblﬁﬁﬁjégﬂa ‘,“ﬁ”lrﬁfﬁ’ udes
processor £Risploddddn cHpeRRsMAl cohflod(dssigaiUSi Paett iApplatich $&3&1 Np.0022] FI GURE
1B is a perspective view of an, enbodinment illustrati ngf sgri ngl oaded

vari abl e- woitj@-40hdhsdisclosyref prhich hakeer mcorperated Rergp byHetershse "l ip 141 is
added to thermal -interface device 110 of FIGURE | A A wedge-based

thermal -interface[eo] CEIGURE LdisngeRp&litd vigw of arPentsdithencillaseting varablependi ng
and commonly assigned U. S. Patent Application Serial No. 10Q/419, 406, the

di scl osur evésiee fsmaal-iadacs deyics HOo T hgmat-isteriacsdevice hiP sompasssheat sinkn ¢ he

exanmpl e of exkehSbiRF06lBith HRAPEer@h® B hechBfical dndarimalll Blupfdlie BBt Eink Bz ar e
spring-1 oaded_ together in t i

€ he x-di.rection by spri cli 41. |In one
vari ati on, (nshewRIndiIGYREAY dltematively. ﬁb?l&&?ﬁﬂ&°ﬁggﬁ"ﬁ§$&%ﬁh@ﬁ‘ﬁﬂ@éf‘%ngu| ar
frame. Twoin@BROSHr tfd Hiessinkdot heat 1AL BastRYortenitnientss esbrdinite mes eeshsvwd iyt be
straight and parallel as shown in FIGURE 1 B. Two al eéna.{li g& Oﬁglosi ng
si des 143310 Aar%w*e%w&énwzwmﬂhom&lrac FSHEhABR FrapechiRded e
pre- st ressgk dx@nSise 106 ahdGOHIH RS UNCangFRERoF NS @ 260 aBoD tHRREspedtiVOZ3ld ¥ N
spring-| oaded vari abl e- vvedgle thermal -interface device 12Q, spring clip 141

t

i s al | gnedtxess Fiqansipk gxtensioail 06 hasarlenyvsr flabiaee grlied akaoyvedgy apgle kel ?’%I@%Fﬂf’ga,

presses agaisigtheldRgmpiebPERIUr & vertical surface (aligned normal to the
x-axis) of wedge el enent 105, and a second inwardly bent side, for exanple

si de 143b, presse ai nst the | arges rea vertical syrface (also aligned
normal to the x- aﬁsﬂog?] 0 °"FFééﬁe§%q %ﬁ@ki@ﬂ?‘f %UPfﬁ'éurfgﬁéné%’gFtﬁléecﬁ%rﬁ?a%essi ve
forces appinkRAndNaERE sAnEddnmctwilh the loneepelirt eatfate cfhearaind ckiemsiorsiook
extensi on 106 generate shear force conponents across the inclined interface
bet ween wedge el enent 105 and heat sink extension 106, urging the

contacting inclined interface surfaces of wedge el ement 105 and heat
25300334. t25300334.1 4




Docket No.: 200300041-1 sink extension 10Gto slide relative to one

anot her, thereby driving wedge el enent 10~ to expand the z-axis |ength of
spring-1 oaded vari abl e-wedge thermal -interface device 120 to fill the
avai |l abl e gap between heat sink extension 10G and heat source 101. This

si mul t aneously drives wedge el enment 10S along the x-axis to becone offset
relative to heat sink extension 106, thereby somewhat redBchng)tﬁﬁm%ﬂqllned
surface contact area. Wien the z-axis gap is filled, z-axI'S CORpressi
forces preyx@phgt the IR naf Hh&eds QAL YRER: MGHEL1 B BRBO Inciita aaa@ ahgnetrelalvelfo

ext ensi on 106. Sprlng clip 141 may be used simlarly to apply shear forces
to slidi ngheweyrgetatingenordieate sysismnfr cenypniensain thexampiectf FiGHEE D dtinispegnted
transfer n | 41
may be at (ANEHE N Bub AT [A0RLE b ERE) G flep bt 1oREF Ak Clerbc 11
traditi ona]losfcaxsbeemelﬁned[aOﬁ@zh})glErdE.ﬂQEtoZﬂat SprEr pei@ﬁecfhe:av/enk/mewswh 186, for

mbodi t illustrat bl | -int
200, i n WiCRKISHES B Rang e Wik b auc e aErl e B bt L5308 ©°
t her rkralj I NV&Igt aleMenta0b ¢aduplddthamehlly 264 cleghbsita1y to heaFtdBtﬂEHSl hd&hasnpfomdd:'s are
stacked or

ded| the -direc n. For pur.po lustratio in
t he exarrpleef‘BngF"(‘;Jﬁ@ é o[ E‘Fébj ?’Mg@ff’é'ﬁ Q\‘g]bg' 1?%% ey "ﬁa;??laggf
inclined wedgevddat elreﬁqaxﬁxassaﬁdlﬁam Aledsion 1 GHd etk hedt s&k&ﬁsaﬂd‘@pe ehadmg;tcmtacon
angl e about the z-axis relati v to one apother. In. ot nent.ati ons)
arbitrary IRGFRRS Dt FEN iﬂ?ﬁ@é’ egﬁer “ﬁ&ge“b%“%f’ﬁ%’ﬁe’a lggmﬁ?’ H?b tt

orient at i QRafohRAIRhIrAE]- IR ALRA hﬁmcanw{erxﬂmﬁemlpwa&é f2B8de bb@metm there
islittle or no advantage achi eved by increasing the nunber of cascaded

wedge st r uetisiness apstifistien- tHgst squotsA8]. af phopyaen B aipnrle i CERE! Y-rnddideRE 2,
wedge i nt f%sees%raﬁémi OfdTRLohgt MR Rl -PUBIboMAAES. el enent 205 and second
wedge el enment 206, is inclined to provide offset notion along the

x-di rection, whereas wedge interface 216, ween. second wedge
el enent 206 and h&922k W%‘LB?( b%?la&ﬁrsEﬁ?veY‘ngE%?“ﬁ’é“&"’E%“ 8(?1“8%5"6’955&

not i on al opshel Herianeh- W@Jg%'t&ﬁnalhﬁ’t‘éﬂice%b%&ape 13%1($hfsphﬁ§"@fp 1\4@‘i§§lﬂdai gment 205
is typically flat and is coupled thermally and nechanjcally wth a heat

sour ce, fdhewhmmr@cmwtceéé%%@% A |fh“'F11&St§R@§ thermalyjnteriags defiiser eas heat
si nk ‘ext engyeN %g)Zprﬁ}gQLg?sldl%ng&ﬁn@o Bé@ﬁngm@eémﬁuﬁ@ag%m&mts PatedtyPi cal |y

coupl ed therna chani cal a heat sink ictured The
upper sur f@mvélca_ﬁon}ﬁeaalm rW%Qc'&Q&nélﬁdﬁleWe ¢fs~vltlgkmaéh¢qnynq9mormhem sarily
paral | el | Qel QUET i Sl AP Ao B b Blofen: IEAInaHe R IRELBASHPIDGH MY
be fabricated as an in 5 part a heat sin sin ase

Mul ti pl y- cspeingrtbededtegigieer ithe malireétion by fprngsiip 14k Iexomnenmelg'elglmpéﬁ“flaces 21
~ and/or 2 253 033 t 0 | oaded
under shear}‘a}?egragéfx'fn ek éeflﬁme"desﬁ%ﬁg‘iﬁg' fra’}é% T“ﬁ) %ggsqrg’ps%}dreé;l)bﬁég%e B’Iy spring
clip |41 ibut Eée@daﬁlet&sarilgﬁeﬁ}algﬁnamaohllalgisaMMommﬁ IBsﬁ‘mgrwdntlu@ Pat ent

oo aend St e H A e B AT B AR, Sl e P58

t her mal - i ndxert b 3sApd@WedBret Raard dtelatistRa. a nul ti-axis rotary spherical joint.
This inplenentation is particularly advantageous for multi-axis angul ar
adjustnment in a sj ti h h C

lie in non-parall qu | afr?]legn%tg? cd \%%;ei)?eéw?%tg t%?[g?gﬁge g%nv\geei;’%h gtﬁhgl urce
and heat si4iks alignedyise thatiﬁnsmnwmilyéaeau sideafor oyampld sides! 482, pepssenagamshhen

tt ti t
ok [ 00d PR AR e s IR e RSl SAUME Bchuudos A feclf.
assenbl ed wwanidbhitiest dids, @htexam;ﬂq: sréd 143ht peesbeiagainist Wiedarg@0 area vertidal slirfage @lso| east

one S0 ey G UL Sl 8 18 g g O 2

vari abl e- r@pﬂdfﬂbytdpﬁhgttl&i Hilnd @bd@@&nﬁlz&ul%@ﬂd B&Osink-&xEi=iod 18P g@iBratteshert a

vari abl ehel ght thernmal -i nt ce dev 00 in caded
cylindri ca’lf’g’e(ff?rﬁ?%ne@‘i&cr@i% a] gi’%%{ o7 Vet glg%% gtltmésg%nﬁia eiitf“?(el ative to
one anot hea"xteahemmd, hesing thy bcﬁltz&fiﬁig ili\al\/heﬂ thi¢respacfatasef ogldderethdienaXB<nd B&at and
326 each inclined relative to the x-y plane. In general, variabl e-hei ght
thermal -i nterface devices, in accordance with the discl osed enbodi nents,
may contain fromone cylindrical joint to any nunber of cascaded

cylindri cadssopasints, each of which may be oriented at any angl es) about the
z-axis relative to another cylindrical joint, and each of which may have a
cylinder axis oriented parallel with the x-y plane or inclined at any angle
relative to the x-y plane. [0028] In the exanple enbodi nent depicted in

FI GURE 3A and/or 3B, cylindrical . joint 31 Sa-315b is fornmed at the

sI | d| ng |nt erface between concave upper surface 32| of Iower eI errent 305

Y oS o 1 N IS NS\ Y o NN S




Docket :vo.: 200300041-1 [0029] Cylindrical joint 316a-316b is simlarly
formed at the sliding interface between concave upper surface 323 of second
el enent 306 and the convex | ower surface 324 (hidden in FI GURE 3B) of heat
si nk extension 307. Concave surface 323 and convex surface 324 have radi

of curvature matched to one another, represented by broken-1line arrow 336,
centered at cylinder axis 326. Cbncave surface 323 is rotgtably 5bigab! e
rel ative to convex surface 324 about cylinder axis 326, as represented by
curved ar r@mSexthsioR 1 60/ ioQlidrefli o @n@atlotheR @iketb) AriGiap Meligel didment 105 to expand

vari abl e-hei ght thermal -interface device 300. Othogonail concave surface
323 is |i ribazryis npdsbsrringdeadsd yasjablepvedys IhPIH@If'mé%Efaée deyige rléqb @fillBet 0 convex
surface 3 r r cis
tranol at i orll: EBRRRERRES s ol RI0CHINR shireq 10T, TR GaB e Bt

[ 0030J Radwédgetlemantifb alosg 8 35axéntd b&Bae nffset htativeto hvakesinkaxtensier & thereby be
mat ched bet wee t: I t I

i nterface 4 evagaet ré{‘,\/ﬁ]??%epélglxgéﬁgg{f&@g%ﬁﬁgy%g tlpegérjgﬁ?ﬁ %? lgmedh{e%g(lg? pl ane

or may be abmpeassledfomes pregtnt fisthenaffsarbetvenay vedgeeleatent/ )5tapd hére sinky exjension and/ or

| at t I
et ned n” PRFERad ey REei Ry A RO K A PR
bet ween i rrttlarrfamncra@mej nedsmmng;bqnhbwdasfezambms heatprangferapplofatiorise Optionadlip| e
hei ght th I f f I
ol oty SHE gheal el e oo AL pBfe-halpEIERG s dolenel T3 ace.

facilitatit@itnadthgerRXxpansi on in a nanner S|n1Iar to spring | oaded
vari abl e-wedge thernal -interface device 120 depicted in FIGURE 1B. As in

t he case of varia i nterfac evi cri bed
horer . the 1 at o Tl RRIRE 2R TRttt S S flofien e L alclEp
filled w td"anabreiweagahemﬁt erte‘rﬁeedameeoo aI \,whl‘r':b/ﬁ\roOcﬁlnidye waﬁgemcngemmeam

paste, to red lst 031 ] Two
st acked or"aE‘é Eé”’d %FRGF %F‘T %VEF? ePﬁEf gﬂ% “g ang {)I%Iae t he
sane degr egsk&f orkefdidadn métztmctaﬁ; trbqﬁ@popéscarhldedatw ia tm exghple bommms 2
spherical joint. Advantages of a cylindrical |nt \ i% ,ﬂg

interface ?WW&SP%W?%E Ft&dé‘res[h@UB%]“cIﬂiefjé‘te geniElfp g - 8??‘5‘?%3“ s

much easi ¢f od. gt RRbaicH fglelhBbut %eszmerream/é 6 Yhd dhdthe qh ofhf iniplnchfione
machi ned usi ng “many net hods, i ncl uding K of the follow ng nethods:

Hor i zont al arpigpmy npymbps ﬁéwe@eGWWésr rm‘gtrei stagkedcpt arpBrapOETAtations Teialivede Ong.
3003000: 1]anll3 net. P b s B RSt GHs! I'i}ﬁ‘yegg &Ex‘fe"i’sdlhflé ml ad B4R detidved bl ﬂ)@}egﬁn?ea“ ng
raceways) y cuttlng, ere e path of the part is at an oblique angle
to the axitbe oimben of ¢asgaded wedge srdturesfelondithor eal ity create a surface that is
not quite cylindrical, but rather elliptical. Mdeling has shown that the
devi ation bet Ween[doagl SH thAGEhpRHpiPed [FISURRANwid R iNBARERI £TSmie™ , when
the rotation range required for heat source tilt is considered. [0033] The
cost of meehvaesnigyes wedee ¢lement a%%qngyeqogd BedgeslementSf6,1ig insBpedde provide offset ¢ hr ee
el ement s qfohn! d Rl dePe%hemékg e rnre&ﬁeé RIGCLOHRY] Gew iR ls&of@deal copper)
about 32 grans copper woul e re urred, at a total naterial cost of
about $0. Zezeméhhéoﬁz@sithe@fﬂmﬁnmn@@amhmd tp peevisle kff?eéqmlwedmaﬁ}bs Yis -50. 60.
An assenbl yLoM 4 SRPREESI0d o??q?ve‘i' teeGQH 5-is n[ly{?Qﬁf&I flaPatdi8 douptgt h two
stacked inclined cyl |ndr|ca joints, vertic travel can be t aken up by
bot h of t Hhberafailpend mechapicajlysvithpHieat sdwublfersﬂmele beat squeesl 104 i IGURES e of t he
vari abl e thagr r [ cl osed
08 llga’tlpér sqxregtasrrﬁ'( e#eﬂsr@rf% t@?@ ndd £ flae LiRr SIFROM bUﬁQ J%lcgllf

herein, a var erna ace device may I'nclude fromone to
any nu mbercogples thackzéhr aosz/ mecmmceléb{ witho hratsinks(aptemi¢teradl). jThie upper swiéage)ef heat

| nt er f acesy, Ob ARy E&I‘B'tﬁ%ahgi}ut‘?ﬁ‘oz Ii{é&%rf g& ﬁf‘e §>t15\5r'§rt If&‘c% 204} %Mérhm&l cal or
spherical joint provides’ respective xra or tl-aX|a sation
for m sal itgansui exltmatmaéﬁﬂ mahwﬂabmaud@emndgal rbvefactf aémﬂsmk\nhb@eask baswedge
interf aceoﬁr f?vl gceagc ad’ he'l%grf CCS ¥or exagnﬂ? ?ﬂgrﬁatcé Oﬂot&ﬁ&/ '8 Iﬁ%% heat
source and HeBY |nc hedaxy dr| al 10|n prOV| rid
capabilities of a cyllndrlcal j oi nt conblned wi th a wedge |nterface [ 0035]
In the spring-1oaded wedge-based thermal interface device depicted in
FIGURE 1 B, prior to installation, the wedge elenents are at their extended
z-axi s position under spring loading. In their pre-loaded condition, the

t hermal i nismobece device i s overextendedg and consequently overfills the
z-axi s gap between the heat source and the heat sink. As the wedge
conponents are pressed agai nst the heat source, the wedge el enents nust
slide against both friction and spring force to fit within the avail able
gap between the heat source and the heat sink. [0036] However, if a
reversible | ocking device in its | ocked condition holds the




wedge conponents in their nost retracted position until installation has
occurred, and then in its unlocked condition allows the wedge conponents to
nove, the shear force fromthe spring clip is released. This causes. the
wedge conponents to inde relative to one another against friction,
25300334. Docket No.: 200300041-1 but with and not against the spring
force. ThIS sliding nDtlon is coupled to z-axis expansion o{ &h o%ﬁﬁh?ble
hei ght thermal interface device, which fills the gap bet we&H The hea

sour ce antetspEndIRadedinBs-shddh ifstced fo? SXdRpYe L[Emgflﬁﬁlnd c§1p§~cjx¥ HPrAGRAUL) spH%alﬁse

| ower forces are needed during installation. ing pin, as described
bel ow i n nidlén B&IWERE 1Bi s one inpl enentati on of a reverS|bIe | ocki ng devi ce,
in accordance with enbodi nents disclosed herein. [0037] FI GURES 4A-4B are
per spective V'emﬁ(m§6a”C@BHﬂﬂiQﬁ@%mﬁ&&ﬂ@&% aﬁ@S|ﬂ£&hﬂ$ RiafloV'SF@ENGSSEenDbl y
400, configured to kee e conponents 405-407 in thelr retracted state
duri ng i nstOA1P40¢.dhe dlﬂlQSH Hthich haghegih eornerrisd herpindysefergngepdisglepes 4 each
respective, @ ttedos 40 o] 1 5 49f al it

w th one aﬁo g e& Qﬂﬁﬂ g coﬁ%b%gggg 4%%Q3%$mgregﬁﬁm?ﬁ%?rmﬁg%l ?g%racted
position, laxslement@mrr eme@cmlwlﬂmmowmwm@m Rhgwaraidustn@nt in ¢ sitystion innser t ed
through t ERS [RUGHD 1 b2$ aft- R4 ho wedge
conmponent tsmﬂ%g&l g t%ur@hde]?p%qngét{} n?&?z él]%tl eﬂ; ?@fr‘ﬂen ?g at |er43tto ((j)l%ltg&égnot her
during t heébetrrsn d¢dt seurerend hed sigk is 0OBEI | TBISRIUaIOniagses figevesewhénve vi ew of
an enbodi J =1Ly pi n wedge assenbly
400. FI G&U n%e’rl tg% d% Hw‘kl ng&gﬁlﬁle\ﬁ%{gég&rg&% %P%}Qﬁ%ggkn whi ch two t hrough
cl earance hol es 1 13 414 are formed in diagonally opposite corners of
wedge conponent 4[9927]TV\EiGéJKEg?n°ed agerypdctive view ofayrendiodimreahidlustiatneassqoibilefiden i n
FI GURE 40) A | Qne When
wedge conﬁlgﬁgebﬁ {slaﬂ}iﬁ%ﬁlgl 1§é§§c~iegie¥x e:f@ ﬂklﬂgi %‘@rﬂl ?%&?’%gﬂ’ 5%82{3(%5?8%1]\' c?(i)l?#ctg 1hrough
cl ear ance ol Hsad 5teé¢6a-?v\k6ﬂg51®ﬂh‘q‘awerm eaplodpd pmspd:ctivwewoﬂm emipdmaent hr ough
cl earance f.or h n each of
the ot her J\;'\v.g d’%t?ﬂgcva%ablg)ﬁglngt,tﬁ%r{p% P Hfgc b\lgea %@r Icf-z%{}ﬁ*ig % a%%%t/arlaglﬁ

cl ear ance heighethermabaitérfage Pevive 300 iln,cludmg tve eastadedicydiaddical Jmmileal»aaib a:n|dp05| te

corners t each of the two series of r h, hol e 414, and
Fospect i vo BSHaR Eae ook PR B e B0 e uts s gaviee st <
415- 417 | yhmRet axeepgs arfdeizseﬁdhaﬁblfﬂaﬁetanmorueel By pMfe. t18 gonbealanbblleheightr i Ng t he
subsequent installation, process. npl ementation i s advant ageous for at

| east two theERelgRieriags dexices, H?é%fé‘?“ﬁ%}“%%ldtsﬂefﬁé‘ egodifiepisgR2HonEY tropgone, 1 4

and res perhr\&cﬂ%’iﬂi t%raﬂ?-ﬁﬁm@ér baaRGhds I aHaH al}eInRS eack bERhieh RAYGbE GridAted apdver se
effect on heat transfer” performance, since the center of wedge assenbly 410

is the nospy erslepehputibag-sis el o8y etb%réagnd&calma@éndaes@%‘r}ycmrrey Bave the
| east criti¢ iﬁﬁdef £di Ofcheedf aﬁﬂ@ltwﬁ}{tﬁélﬂ%fane SERARE at 25 BhIE R0 tottH\Qx yocki ng
pins 411, 412 maintains not only single-axis alignnent, but also a'rigid
orientati ®#nmen the x- y plane of wedge conponents 415-417 rel ative to one
anot her. 25300334.1 1 ~ Docket No 200300041-1 [0039] In accordance with
the enbodi nents djoagd Oslﬁ%el%%xﬁbl@emﬁmn&ftu aed ﬁm@URE%kanmrmrbymﬁa

assenblies 400 and 41 Q illustrated . in Fl GURES 4A-4C may extenged to

i ncl ude ad9miIPRE pitels ARrmsd At the S‘l%l&?tﬁ'&cﬁP?f?ee‘b@EFFVSf‘PRﬁﬁF of $21 T abl e

into and \Wendedl v5akk GorfveR Bwek Surf2@SPRGhidN if EIGERE 9B) éthendBichiehtss. The
t hrough hagles in each_respective series are_aligned with one anot her when
wsae%&c

t he wedge ‘8 g 32} eld. oy sprfach3 S have radij of eefviibrg.nﬁt%lﬁd foAng ARQReTt o one

anot her. Ligfeushte€by mﬁ&ﬁnmwtmsaﬁmbﬂeeh lmrhﬂé ess. \/@ﬂeﬁe@menzmss as
shown by wedge assenblies 400 and 410_in FlI GURES 4A-4C, may be extended to

i ncl ude nﬁ?tef?b‘vel%qb&dﬁléavwea@y%wf&sﬁ%?r&agowzsvklwgr il %%Sp?sere&rfsgetﬁéaymedge
i nt er f acegurvEd&Rowis; hprstlaﬁl;b,eﬁlgre@qg%ems%qpmh y i Waridble heightQherR¥iGifR e ONE

t hrough cl earance hole for each insertable | ocking pin. Corresponding hol es

in each stgdreOnithegershpsaneave sirfaggAlis lincareslida Fnepllﬂmlmm ayigd
component i 16 PorhBELrtalPSHs ESkEAGREH LY Fhl hrkfysOS nb;}rba&%bggé‘l After the

wedge asse or exanpl e Iock ng pin° wedge asse 15 has been
instal |l ed tlbetlmaNamalbélth@atarlehmhﬁeht@lwdmlheterlﬁ@atie‘swﬁ@o the | ocking pin 401 or

pi ns

25300334.1 -
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41 1, 412 are wi thdrawn, unlocking and rel easi ng the wedge conponents. Wen

this occurs, the spring clips that |oad the wedge interfaces wll force the
rel eased wedge conponents to slide relative to one another, thus expandi ng
t he wedge assenbly in the z-direction to fill the gap. [0041] In sone

enbodi nents, the |ocking pins) may be nmade sufficiently long, so that they
protrude fromthe wedge assenbly. FIGURES SA-SC are perspggled Ve Mde¥s., of
enbodi ments illustrating wedge assenbly inplenentati on QO0, in which heat
sink base 501 is (0uvRl Cethdiital jdie3ned-3 166 iy siailariyi folinddaaithe Slidikg @retfacessi on 407)

and is praovided with a thro ol.e 502 ali d wi.th through hal es. 402-404
S0 pr vt cHGEEE BT B 2R SRRt P Tt Uaceag e Ao S SO e ver

i s not propiddedinMIGUREBH) ofihdal Sl éximsion 80, Contdhe slgice 823 mdeamviaisulfie
installed in contact with heat sink base S01 with cqckin in 401 in place.

. P
Consequent 34} hayeragy ﬂ@cuﬁ"#\“rﬂﬁlla‘chﬂs‘? °‘Efea“WhF‘hEﬁPEF\ﬁﬁﬂt3dB§(fb6?l@“3‘H%a‘ﬁ%“é :_"%i nk body
503 can beehfrkat éﬁiqder"ﬁis%B@M@odcﬁ've%h%@?ﬁ@mtl@b@ sBdBRGALEE 1 e&lend Pi N
configuration will” prevent an operator fromforgétting to renove . |ocking
pi n 401 afsugfacei@dgbows sylindp axisf30, as sepmsertiediycaney amenis Lhpromdingyinglseasised wit h

a heat so [ : : lag k¢ L C t
ot r at csiine [t BUARDEl e GRS e JR0 08 ORRBHI, PORERR
spri ng- | oaddecet33ad intireailnslslnllaperaielde atlindersixis 6 retatiaieisl convaxenrfede 32htasr f ace

assenbl i e i . Jo) 8 | L|_ - i S. i N E\l Q'Lni 0 as
descri bedstféfg%gtﬁ?lggkll&{%gm\?\n&t% 43[ @J{f@gk g‘%ﬁlg%?gvﬁt [ éﬂlogﬁﬁa@?\t‘ lgr opé)?étllmé

sim | ar tchemdmteefaceavics 3005300334.1 1 1 Docket i~o0.: 200300041-1 [0042j
FIGURE 6 is an expl oded perspective view of an enbodi nent illustrating an

al ternative type foabieVRLR! ki GRb 0 ORKES be Fnel PR BRIEARE vesaRlEl naL e

. r
directions are shown by X, vy Z axes. Loglz ng cam assenbly 600 1 ncl udes
| ocki ng céretve®a difeceniimayetftbesime verabid height berimat mtenfeedevicy. ColindamaxienZinedge
el ement s - ' i r ' i 2af.t tati [ 0.
Cocking caniit SeLRReehex A IRIEDbe ML IR (Ran £/ ALk My B GuRAC,

| oadi ng, sumanetand/or refativate querfiahen €hlindfical gainte having cylinden ates sk inalinedimmry401 and
spring cli. 1. Lockin am 601 i ncl udes | i e F .00
Ot aces. a0 Sk LB LAl IR o o L SR SO SR DRl BERA
eccentri c Haie &pamsivhi of tieadridbde indghv thetmal ditafacodexice nbitérfaning blentents afrs haf t

rotation ax|.s, 610 to |inear tion of e interface 620 bet ween.wedge

L enent s aMinaRa grEmay R R BBt R LoF St R HaA o T P A AT

addi t i onalz-8&L&phrsich if @ Fanndr 8iniRXRPrirky-168de8 Rirdble-Caige Hefmainterice deviee
convert rotatiaonal notion about. canshaft rotatjon axi ?i@%gc%@al i near notion

of wedge iP&rmeedingISURE: Ik eds dhsgaseaf sprattedemaythermg Bftric cans

605 and 6QRe3dRlyUes@ibt®Berath, tROInfbeME:S 8ewed] Rhia¥ithglcliRiMRalZAAERE maR BOAlled
canshaft rotation axis 6 such that the resulting |linear notions of wedge

10, s .
i nt er f aces¥ippthermpl-syeriage magrplehpisdlyiherns! geags ergestedp dpcrbotibtheme! anot her |
Locki ng camifihte 6s1RInribttml ude radial handle el ement 607 ending in hook
608 at a radial distance R618 from canshaft rotation axis 610. [0043] In
operation, canmshaft 603-606 is inserted in sequence t%@ugq,r,espective
hol es and slots 68831lg2Evo gacked offgscadng ﬁrﬁh°$°@§‘gve%ftwec gerl inthprnvdes 3,
616, 61=-)thasethe@bfreesidTBBndimdvdbttonal GEB Brodled byQl siighSrotarydphéridal jofxd- 606)
causi ng eccentric cans 605 and 606 to bear against the walls of respective
slots 625 Advantaess of p aylindacalyoiptyraabls thermat wtesldcs implemepjatosinclide et ri ¢ cam
605 causes wedge elenment 61 ~ to nove linearly in the x-direction, as shown
by arrows | abel ed[00py, Firsd acgiindsiod sardues ssmuwbctgsiered fabrcite tharGa $phenen e

linearly in,.the y-direction. .as .shown b rows | abel ed £0 Assenbly and
oper at i on HSAERYHadeioEp b Bactii P mep mPha Be b BBE B R R URRE ¢ 61

61 5, 614) mélkbdel6 adj acent to the respective hole or slot, for exanple as
illustrated by spot faces 633, 635, 634, and 636. This maxi m zes the range
of notion w thout b'ndupgl%%n%&ﬁﬁnlric cans 605, 606 against holes or slots
623, 625, 624, and E%Zgurlng 'S8 tion or rotation. There may be a
significant anount i y,in the slotted direction between slots 625,
626 and correspondiggmé£ﬁ§”§%§¥g606. Al'i gnment surfaces, for exanple tongue
and groove structures 627, 628 and 629, 630 as shown in interfaces 620 and
622, may be included to confine notion along the respective x-direction or
y-directi d&dre shoul d be taken to inSure the precision of the alignnent
surfaces, so that gaps between the contacting alignnent surfaces in the
wedge interfaces are mnimzed. Typically, a single tongue 25300334.1 12
Docket |o.: 200300041-1 sliding in a single groove is adequate to confine
relative notion along a desired axis under |oad between two contacting
wedge interface surfaces. Typically, alignnment surfaces are not needed on

Y ~NaA o o - N e ~ A A 1 ~ A r— o




Docket 1\ 0.: 200300041-1 [0047J In practice, the conpressive | oad between
the heat sink base and bol ster plate in any of the enbodi nents discl osed
herein can be provided by any of a variety of heat sink hol d-down devices.
An advant ageous configuration of such a hol d-down device is disclosed in
co- pendi ng and comonly assigned U.S. Patent Application Serial No.

1 0/ 419, 386, the disclosure of which has been incorporatedyher el hoBYoos.,
reference. FIGURE 7 is a schematic diagram of an enbodi nent |IIustrat|ng
heat sink hol d- downDg@ing@reéOgridmgacadmidhana@hod dftyrihdifg BREUE rdchChEROr at ed
di scl osure. Bolster plate 79 supports heat source 101. Heat sink 73

i ncl udes heat sink BBsattinglwidré the bt of the panisaddn ¢hligiic ahd)e tathd akis ohehe fly-
structure 72. Cage dattek STHdS illii@€hliv drdutecd Jupfacelthat ixoios bite aylivdrial/ Butather
supports | ever spri Bipti6l.t Mb@kgh has! sBa RiheehSdeiafion béaRechihd duiiactsardhd ached

to cage 75 using Sclegyhadl.5 ahddietet ARG RS théGotRli S aRLe rélAved VR de®Bodrlte ends
of lever spring 76, 4wy Ghsiidr@nsfer the | oad through a bending nonent to

central post 74. Central post 74 is disposed to distribute the |oad
symmetrically across the area of heat sink base S01. [0048] In sone
enbodi ments, heat [(BBHK Ebect RBOf Bachding & BASThEFaSewdids SMOPHOSHI0\per du@aﬂiamg
bet ween heat si nk base 501 and heat source 101. Alterna ‘flﬁovel *1)’?

vari abl e- HBiegRements phayariaple drightthermal interface dey e BFTa AR OLAOPRE AR Fe s ent

enbodi mentgamd &rcofffeamhm bééquirhd, @helofihinateRa R bf Avduesd RCahe eyt 6 110, 120,
200 or cyli ndr| cal joint variable- helw thermal i nterface deV| ce 300, is

coupl ed tﬁgacmqsfaafhﬂf etk saHieed qup 1o TP On sl dpBlddbasivst e tiagé 7o,
repl aci ng fjjad €ast in part heat sink extension 71. In this configuration,
heat sink hol d-down device 70 applies the |oading that hol ds

vari abl e-hei ght thermal -interface device 110. 120. 200 or cylindrical joint
vari abl e- hei ght t H83#a| Secende vith ko Haskediaclasd cylinderal idpprtasseitica! wysi 638t heat

source 104, th&%ﬁby B Qe IRt Sive WeEde0 SBils ARbRE headRicA3avEI MR bOiL em Of

m ninzing the thermal resistance between a heat source and a heat sink for

a situat i onriabie thamed lfttﬂéﬁche@t%%‘iﬁﬂ%w@h@e embodiaents dipqiasedrpgyein, avaripble

non- par al liglonph xﬁé’T}% Qe A5 uﬁc@ﬁ @?@m@%ﬁx%%f@ﬁa&d\%ﬂ%ﬁ&@nd heat
sink is non- un| orm IS 1S a pro emt at arrses especl al | Yy whe

at t enpt i ngoints, spberthatjoirite avedgerintarfapes. or anysnmbinetidneaf thesoihreg streagures. sh ngl e heat

sink. 253 ieyed is: 1.
A vari abl Qgﬁrgl gcl% ot s %ep ﬁgﬁ&gﬁﬁ wgéég%ggg%%aﬁzl%k@h a%m%r%&s%%g &ZOO S00)
for t ransfrmsarllgmyemté:atwebm @ heat sduextand @ ieat eink, ovtareheaWedgemMs:rfacapwvaissenbl y
conpri si ng; t slidable interface t : \Ccting
surfaces (QB%IC ii%é)”‘ 285i%8P SyTHRTABTR" P |€n eee%f% lée'?eeatzsr?‘é'l)cf hmedhm% Sérbko lﬁ " gl ative
to a z- axmmsmahxairicell)omt)prbﬁécs&iybmd exphbilities b&mcyinindalpan csrabldedmmttawedgece and
sai d heat .si said two contacting surfaces operable to slide relative to
one anot hé¥* 1fr51%u‘5al lel to the direction of said incline to provide z-axis
expansion of said thermal interface assenbly; a spring clip ( 141 )

mechani cal | y spri [9§3%lo ad ithrecspe Bg-thadedi vekd pd -baspdhthenmfah ineer fascad edtics gepicted ol i p

oper abl e |y

Rt ert ace ! TOGRE B bR P naBEHerleflaR SEER TR AR08 Py o
rel ati ve tsprimgleadimgt Ineieir pzmtqaﬂadrugndqaord tlsltheﬂmmlgntbdaq@rdwcde owc:demieémds

expansion; and a.reversible |.ockin e (401 n ina
ocked coarmmsuy §VETt ¢ =8t Rt finneuspie alneal R s ¥4

relative tcOmpmanniﬂTesfsgd gamlst thdsdat atce, tbepwedgg etehiepxs mmﬁidsagaemlmdt ed and
operable &n in,an.u t Wwo_cont ctln

ot f aces tapad SnedoRE 0 Ak TR s Piooftfef Rished e R ing 1

rel eased. 2. The assenbly of claim 1l wherein said reversible |ocking device
conprises a | ocki W93 Hqwe) ifiamewsrsitiblockingidayicgmiitsiiocked condétisindiolds tm a

serl o9 o JULoUARSl e AdOR ARtk LOLIRR U AUAa08! Shs bHR-EOMR D

surfaces, ne anot when sal
contactin gmk:uke‘dewed;txat ﬂlmt}umddgd cdmadoaentym mayeaheslamdblhe from3he sphieg al§senbl y

f cl 2 d t I t 500
oF o P, Byt 020 Bt BB L BB RR R 50
pinis inserted. 15 Foreign Cainms 25331251 1. DCC

25300334.1 9



Docket No. 200300041-1 4. A nethod of installing a vari abl e-hei ght

thermal -interface assenbly for transferring heat froma heat source to a
heat sink, said nmethod conprising: providing a first slidable interface
(215, 216) between two contacting surfaces (20S, 206), said slidable
interface inclined diagonally relative to a z-axis parallel to the shortest
di stance between said heat source and said heat sink, saigftWQ.Caka¢L1 N9
surfaces operable to slide relative to one anot her paraIIeT to the

direction wk waliafd hdd @difMe tHeQpitgOvicel€THis S¥in rotida NSdotple@o SadidexbhB ol

I nterface assenbly;. spring |oading said sljdable nterface using a rin
clip ( 141hs V%r@blaﬁ\squt taergﬁb'arerfﬁfefrcgéw%e‘?@ﬁ"é Hegar Prryse) tge hest wfcgég‘? e

retracti nthea@ifk. SIMis AgnivPAdaodis (@Al geois) bedahRASwrToHRes drondetied dRing
retracted condition; Iocklngy§401, 505) said retracted spring-I|oaded

sl i dabl e iinstalfafian eA deskmgsim pydaseitied el i moredetaibiivenedBrismentaion afdst al | i ng
sai d reverg)hlifie h@kie detibd, PLtGHaR PR GnbRARERS ﬁé&&@@h%gpterface (500)

relative to sala eat source; and unlocking said reversibly | ocked
retracted spring-loaded slidable interface, releasing said spring-I|oaded
shear force, caus{t9§7lsaflGURES "e"aﬁ?a@tPFrﬁbccgtFr‘f‘&‘l%%faf‘@"@?‘?’ﬁl‘é“‘r‘@‘fsgﬁti"\ge to one

anot her, cgiihd N we@dethssehribtl) 410, SAfRIrAYloUge v isE Sorfpdaets k¥4 ®fin 8Rird t her mal
i nterface assé%gly.&%.sThg@LethodI%? claiﬁﬁﬁﬁﬁherein sai d Ioéﬁiné conpri ses

i nsert i ng ratracidistardysing instptiation; dy broyghsdparanse Bele f07- MR BrLE eckn2- 404)
formed throughi\3aleded WongoRit: 363-470 THHuEREIEadcé Ao d D) 40498 ESIwith bR GbBO! es

in alignment wth ohe another when said two contacting surfaces_are
retract ed whenatedgecanpopents 409cA0d are in gheirmost reactedpesition; as Blustrateg in FIGHRES

met hod of Aﬁﬂl-@f?:rrtgckmeﬂlﬁ h@l i?;?t{eq ixlsgrcféﬁi t%ug&qu{ehgs’e& aiigrﬁeﬁrtﬁrl)ﬁgl GeaPinkd Bdidst y  Of
402-404 to lock wedge components 405-407 in their most retracted position relative to one

another during the installation process.

[0038] FIGURE 4C is a perspective view of an embodiment illustrating another
variation of locking pin wedge assembly 400. FIGURE 4C depicts locking pin wedge assembly
410, in which two through clearance holes 413, 414 are formed in diagonally opposite corners of
wedge component 417. Two aligned similar through clearance holes (hidden in FIGURE 4C)
are formed in each of remaining wedge components 415, 416. When wedge components 415-
417 are in their most retracted position, both through clearance holes of each wedge component
align with two counterpart through clearance holes, for example, through clearance holes 413,
414, in each of the other wedge components, providing two series of aligned through clearance
holes. Locking pins 411, 412 are then each inserted at opposite comers through each of the two
series of through holes 413, 414, and respective counterpart aligned through holes, to hold
wedge components 415-417 in their most retracted position relative to one another during the
subsequent installation process. This implementation is advantageous for at least two reasons:
First, the corner positions of through holes 413, 414, and respective counterpart aligned through
holes, create negligible adverse effect on heat transfer performance, since the center of wedge
assembly 410 is the most critical region, and the corners of wedge assembly 410 are the least
critical regions of heat transfer. Second, insertion of two locking pins 411, 412 maintains not
only single-axis alignment, but also a rigid orientation in the x-y plane of wedge components

415-417 relative to one another.
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sai d | ocki

met hod of
pin (401)

two contacting surfaces,

ng pins (411-412) into a plurality of said series of said aligned
t hrough hol es (413 414) fornmed through said two contacting surfaces.

said | ocking pin while inserted prevents conpletlon
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W rawn all ows cCoO e
sai d t her negkingie Medgcaswgdlisg0) angd10p sttt Hb‘%%g’%)fé g?:gt e &503) of

i nserted |;0qkdeng Pdunn;ﬁéfﬁih):bel' §fl€él&@§lﬂﬂseéhc@8fjwﬂf:lﬂsﬁxﬁb€ﬁ§)ld’ﬁ{oadnHVﬁthﬂﬁwSﬁéd

t her mal |nterface assenbly (5

prevents i
(503). 10.
transferri

01 ), 'such that said el ongated | ocking pin
from #$ tespecye sefiessafithroughdeles| Thethropghahodes ar sashfispectiye ENRBAE si nk

-alj 5{1%% %Ha eean&ﬁérqm I oueggée ngutoﬁg ftsaaq'c;ematﬁéﬁrﬂp;t Yet&@t@@bosﬁt%

n roma hea S n sal d assenb y

conpri si ngtlatdve tb og¢ ars:lthedahlkewusmMedgeaxsen(b(i@sz)lclbbnwélm Wegee eompoRents, AY

sur f aces,
parall el t5

a\'f/%%? Lvlﬁgj 6tlabalss(:’:’. I ?Es {OB%SE 4 fDOr\§ IFk@'@lgEghggl@qﬁxlal/ ¥e L&bakd féemél&lea z-axis

héat” source and sai d heat
si nk, sai dnﬁlmﬂeemnkedotddggccsmpohane}m» g endtiplestadsed vedpe intefaces | Bach susht o one

tes ance

anot her pag a ﬁjt Oﬁéxphe eli'l %de ef\arﬁétL.g;O ﬂﬁédgﬂ%le&ﬂn&rlﬁ‘{é fgﬁTagﬁ érﬁlble

expansi on 562\‘:

ace as a reversi ock I Ng

devi ce conpdkirg ;ng aodr&pdmdmg hb&mmacﬂn gladkediw édya lcotnporeai aligh with iongjanother

when the wedge components are in their most retracted relative position.

[0040] After the wedge assembly. for example locking pin wedge assembly 400 or
410, has been installed between the heat source and the heat sink, the locking pin 401 or pins
411, 412 are withdrawn, unlocking and releasing the wedge components. When this occurs, the
spring clips that load the wedge interfaces will force the released wedge components to slide

relative to one another, thus expanding the wedge assembly in the z-direction to fill the gap.

[0041] In some embodiments. the locking pin(s) may be made sufficiently long, so
that they protrude from the wedge assembly. FIGURES 5A-5C are perspective views of
embodiments illustrating wedge assembly implementation 500, in which heat sink base 501 is
installed in thermal contact with heat sink extension 407, and is provided with a through hole
502 aligned with through holes 402-404 and providing clearance for locking pin 401. Heat sink
body 503, however, is not provided with such a clearance hole, and therefore cannot be installed
in contact with heat sink base 501 with locking pin 401 in place. Consequently, locking pin 401
must be withdrawn, before the heat sink body 503 can be installed, as shown in FIGURE 5C.
This elongated locking pin configuration will prevent an operator from forgetting to remove .
locking pin 401 after wedge assembly 400 is mechanically and thermally coupled with a heat
source, for example heat source 101. The locking pin concept illustrated in FIGURES 4A-5B
may also be applied to alternative spring-loaded thermal interface assemblies, for example
thermal interface assemblies that include one or more inclined-axis cylindrical joints, as
described in connection with FIGURES 3A-3B, which exhibit properties similar to wedge

elements.
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7. The
claim5 wherein said unlocking conprises w thdraw ng said |ocking
fromsaid series of through holes (402-404) formed through said
causing the rel easing of said spring-|oaded shear
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cam nechani sm oper abl e when rel eased to cause said relative sliding notion
of said two contacting surfaces and operabl e when | ocked to apply spring

| oadi ng across said slidable interface. 17 Foreign O ains 25331251 .1. DOC
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a] ca] caU] ekp springdpasiing, sush ¢t} it adropeffomy the fiowliens]jof hoth ddcking pin 401 and spring

CVH. X AS# Y ~a]. X
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: | $~744 Uv nid
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ca] ca] ca] ernents 643 araj 4115 QiBdolme eB&dments. 2ocki3%&m (601 ideMiddOAitional feccentric
109& () - 109 ()- " 109& ()-i =" 109 ()-.10 10 10Y;
109! E 3 -1 F¥BY fw&%@ BERE %6'@% THeieg, W&V% fopaigna Eﬁ'@%{&ﬂb%‘%ﬁ 109%& () -
109&' () - Yotari6k ak)s6Y0 IdRMeak hotiohfoFh@d& iftprfRe 622 between wedge elements 614 and 616.

"dEg\ =Y. "L 10%&: ()-Y ' 1 109&' () - YL0%& %é- YEI10%& ()- Y@
109%&. () - Y!EIWC(L)ams 90_&%@06 M'C’thd at Py dggyees relative’to one another about camshaft

rotation axis 610, such that the resulting linear motions of wedge interfaces 620 and 622 are
oriented at 90 degrees relative to one another. Locking cam 601 can also include radial handle

element 607 ending in hook 608 at a radial distance R618 from camshaft rotation axis 610.

[0043] In operation, camshaft 603-606 is inserted in sequence through respective
holes and slots 623, 625, 624, and 626 in respective wedge elements 613, 615, 614, and 616.
Then handle element 607 rotates camshaft 603-606, causing eccentric cams 605 and 606 to bear
against the walls of respective slots 625 and 626. In the example illustrated in FIGURE 6,
eccentric cam 605 causes wedge element 615 to move linearly in the x-direction, as shown by
arrows labeled +Ax, and cam 606 causes wedge element 616 to move linearly in the y-direction.
as shown by arrows labeled +Ay. Assembly and operation may be facilitated by thinning
respective wedge elements 613, 615, 614, and 616 adjacent to the respective hole or slot, for
example as illustrated by spot faces 633, 635, 634, and 636. This maximizes the range of
motion without binding of eccentric cams 605, 606 against holes or slots 623, 625, 624, and 626
during insertion or rotation. There may be a significant amount of free play in the slotted
direction between slots 625, 626 and corresponding cams 605, 606. Alignment surfaces, for
example tongue and groove structures 627, 628 and 629, 630 as shown in interfaces 620 and
622, may be included to confine motion along the respective x-direction or y-direction. Care
should be taken to insure the precision of the alignment surfaces, so that gaps between the

contacting alignment surfaces in the wedge interfaces are minimized. Typically, a single tongue
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s!109& ()-L10%& ()-F1l0%&k ()-Sz10%&k ()- !'el!! "dEnbC 10%& }S i

10%& () - Yeltikg (n a sidgddErobye i¥ A@%YEaté Jo- dorti%elative motion along a desired axis under load

"t sHASAENDCYY) 109& () - 109& () - Y$109& () -fl " 109%& %) -Y, 109& ()-Y

109%&' () - $oReRYesR WO contactipngwedgg wier aﬁgsp,r@tﬁo gpl%z)llywignmem surfaces are not needed

10%& () - 96@l¥Uace)s2 I 3B Mloti¥hLor WS ddmehls chA%&d 6 )5 dre Didied relad¥@&2' 2r SH=
108 1 10% 10% : - 109%/&' ()- ! FY& M 109&" () -z FYM 109%&' ()- 3Yf ! 100& () - "

109& ()- TFowed(vo prdgremansns 616 and 613.

108Y$10%& ()- Y, #! 109%& ()-Y! 10% ()-SF10%& ()- Yf! 10%& ()-2z" 10%& ()-
10989<<<<<<; =bC [0044] If wedge-based thermal interface assembly 602 is in a fully retracted

condition with the orientation of locking cam 601 as shown in FIGURE 6, then rotation of
handle element 607 through 180 degrees about camshaft rotation axis 610 will drive wedge-
based thermal interface assembly 602 into a fully inserted condition, which provides maximum
z-axis expansion of wedge-based thermal interface assembly 602. To lock wedge-based thermal
interface assembly 602 in this condition, a hole or detent 618a-618c is provided in top surface
619 along an arc having radius-R618 concentric with camshaft rotation axis 610. The
combination of stiffness of handle element 607 and length of hook 608 can be selected, such that
hook 608 can lock into detent 618a-618c under z-direction spring loading from handle element
607. This locking can be reversed, for example, if an operator manually pulls up on hook 608
against the z-direction spring loading from handle element 607. Similarly, by controlling the
stiffness of handle element 607, a predetermined amount of xy-plane spring loading is applied
from hook 608 captured within detent 618a-618c through handle element 607 to provide a
spring-loaded torque about camshaft 603-606, which is then transferred through eccentric cams
605, 606 as a spring-loaded linear force against respective wedge elements 615, 616. If more
than one combination of z-axis position and spring loading is desired, then an array of detents
618a-618c located as appropriate along arc of radius R618 can be provided for locking handle
element 607. Unlike locking pin 401, locking cam 601 remains locked in place in locking cam
assembly 600 after installation between a heat source and a heat sink. Therefore locking cam

601 does not need to be unlocked or removed following installation.

[0045] Accordingly, locking cam assembly 600 provides not only reversible
locking but also spring loading, and as such can perform the functions of both locking pin 401

and spring clip 141.

[0046]) Wedge-based variable thermal-interface devices, for example variable
thermal interface devices 200, 300, 400, and 410 are potentially scalable dimensionally over a

range from nanometers (nm) to meters.
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sink hold-down devices. An advantageous configuration of such a hold-down device is
disclosed in co-pending and commonly assigned U.S. Patent Application Serial No. 10/419,386,
the disclosure of which has been incorporated herein by reference. FIGURE 7 is a schematic
diagram of an embodiment illustrating heat sink hold-down device 70, in accordance with the
above-incorporated disclosure. Bolster plate 79 supports heat source 101. Heat sink 73 includes
heat sink base 501 attached to central post 74, and finned structure 72. Cage 75 is attached with
clips to bolster plate 79 and supports lever spring 76 through clearance slots. Cap 77 rigidly
attached to cage 75 using screws or other fasteners 78 presses downward on the ends of lever
spring 76, which transfer the load through a bending moment to central post 74. Central post 74

is disposed to distribute the load symmetrically across the area of heat sink base 501.

[0048] In some embodiments, heat sink extension 71 transfers the compressive
loading between heat sink base 501 and heat source 101. Alternatively, a variable-height
thermal-interface device in accordance with the present embodiments, for example variable-
height thermal-interface device 110, 120, 200 or cylindrical joint variable-height thermal-
interface device 300, is coupled thermally and mechanically with heat sink hold-down device
70, replacing at least in part heat sink extension 71. In this configuration, heat sink hold-down
device 70 applies the loading that holds variable-height thermal-interface device 110. 120, 200
or cylindrical joint variable-height thermal-interface device 300 under compression against heat

source 101.

[0049] Embodiments disclosed herein address the problem of minimizing the
thermal resistance between a heat source and a heat sink for a situation in which the heat source
and the heat sink may lie in non-parallel planes and/or where the distance between heat source
and heat sink is non-uniform. This is a problem that arises especially when attempting to

conduct heat from more than one heat source to a single heat sink.
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What is claimed is:

1. A variable-height thermal-interface assembly (110, 120, 200, 300, 400, 500)
for transferring heat from a heat source to a heat sink, said assembly comprising:

a first slidable interface (215, 216) between two contacting surfaces (205, 206), said
slidable interface inclined diagonally relative to a z-axis parallel to the shortest distance
between said heat source and said heat sink, said two contacting surfaces operable to slide
relative to one another parallel to the direction of said incline to provide z-axis expansion of
said thermal interface assembly;

a spring clip (141) mechanically spring loading said slidable interface, said spring clip
operable when released to apply a shear force across said slidable interface, said shear force
causing said two contacting surfaces to slide relative to one another, coupling said sliding to
provide said z-axis expansion; and

a reversible locking device (401, 601), operable when in a locked condition to prevent
said two contacting surfaces from sliding relative to one another, such that said spring clip
remains retracted, and operable when in an unlocked condition to allow said two contacting

surfaces to slide relative to one another, such that said spring clip is released.

2. The assembly of claim 1 wherein said reversible locking device comprises a
locking pin (401) insertable into and withdrawable from a series of through holes (402-404)
formed through said two contacting surfaces, said through holes in alignment with one

another when said two contacting surfaces are retracted relative to one another.

3. The assembly of claim 2 wherein said locking pin is operable to prevent
completion (500) of installation (503) of said thermal interface assembly while said locking

pin is inserted.
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10% & () p(%%\(l)i 1n8§ a(i)irsglidjagloéaif%ex(lecet &Y?,Zﬁ'é}between two contacting surfaces (205,
206), said slidable interface inclined diagonally relative to a z-axis parallel to the shortest
distance between said heat source and said heat sink, said two contacting surfaces operable to
slide relative to one another parallel to the direction of said incline to provide z-axis
expansion of said thermal interface assembly;
spring loading said slidable interface using a spring clip (141) to apply a shear force
across said slidable interface; ,
retracting said spring-loaded slidable interface (500) to its most retracted condition;
locking (401, 500) said retracted spring-loaded slidable interface reversibly in its most
retracted condition;
installing said reversibly locked retracted spring-loaded slidable interface (500)
relative to said heat source; and
unlocking said reversibly locked retracted spring-loaded slidable interface, releasing
said spring-loaded shear force, causing said two contacting surfaces to slide relative to one

another, coupling said sliding to provide z-axis expansion of said thermal interface assembly.

5. The method of claim 4 wherein said locking comprises inserting a locking pin
(401) into a series of through holes (402-404) formed through said two contacting surfaces
(405-406), said through holes in alignment with one another when said two contacting

surfaces are retracted relative to one another against said spring loading.

6. The method of claim 5 wherein said locking comprises inserting a plurality of
said locking pins (411-412) into a plurality of said series of said aligned through holes (413-
414) formed through said two contacting surfaces.

7. The method of claim 5 wherein said unlocking comprises withdrawing said
locking pin (401) from said series of through holes (402-404) formed through said two

contacting surfaces, causing the releasing of said spring-loaded shear force.
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thermal interface assembly; and
said locking pin when withdrawn allows completion (500) of installation (503) of said

thermal interface assembly.

9. The method of claim 8 wherein said inserted locking pin (401) is elongated and
protrudes relative to said thermal interface assembly (501), such that said elongated locking

pin prevents installation of said thermal interface assembly to a heat sink (503).

10. A variable-height thermal-interface assembly (600) for transferring heat from a
heat source to a heat sink, said assembly comprising:

a first slidable interface (622) between two contacting surfaces, said slidable interface
inclined diagonally relative to a z-axis parallel to the shortest distance between said heat
source and said heat sink, said two contacting surfaces operable to slide +Ayrelative to one
another parallel to the direction of said incline to provide z-axis expansion of said thermal
interface assembly; and

a reversible locking device comprising a locking cam mechanism (601), said locking
cam mechanism operable when released to cause said relative sliding motion of said two
contacting surfaces and operable when locked to apply spring loading across said slidable

interface.
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