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CROSS- REFERENCE TO RELATED APPLI CATIONS [0001 ] This application is rel ated
to concurrently filed, co-pending, and conmonly assigned U S. Patent
Application [Attorney docket 200300041-1), titled "METHOD OF ASSEMBLY OF A
WEDGE THERMAL | NTERFACE TO ALLOW EXPANSI ON AFTER ASSEMBLY"; co-pendi ng and
commonly assigned U. S. Patent Application Serial No. | 0/ 40c&e3862003b0040iied

"HEAT SI NK HOLD- DOMN TH FAN- E ATTACH LOCATION, " filed April 21,
2003; co- pendi ng and g&ﬁ%ﬂé@%ﬁ@@@@%*%ﬁ%ﬁ?i cation Serial No.

10/ 419, 373, titled "VARH ABLE- GAP THERMAL- | NTERFACE DEVICE," filed April 21,
2003; co-pending and commonly assigned U. S. Patent Application Serial No.

| 0/ 419, 406, titled "VARI ABLE- WEDGE THERMAL- | NTERFACE DEVI CE, " filed Apri
21, 2003; and co-pend} I i t Application

Ser i al No. 101074 542 ROPEREAERFRRRAD RREAEEBATITeMRAE sV STEM AD
METHODS, " filed Feb. 12, 2002; the disclosures of all of which are hereby

i ncor por at ed her[@0¢1] byThisspplietiaeis réfated 0 cGhculrehily e NG pehdifg) @tPdonihidrly

i nventio I heat. trangfer and tj,cul ar, ri abl e

hei ght t éggr?rlﬁ(?bﬁs?\tp ét? télgpé’ﬁm' g?ﬁt BRI C@WQWB%EQT%%%A%EWQ%TMW are
ci rcunst H5SEYBLY OFiAc WEDGRAHERMA. INTHRPACE BO ALLOW EXPANSION ABKBRE a heat

source, f ]l e a processor or, ot her i,ve el ectroni.c. ice. Due to
vari ati oﬁ?gpﬁ@f?cgcﬁggsm an ﬁoemlﬁ‘g?lygs,mgﬂﬁﬁg‘P?tf/mm@ﬁ‘éaé‘f’fls‘émg%i ce, a gap of
unknown heéMghssaraledSHEAT BRNKVEONLDEDO W MITHI FAN-MOBDUDE Agaiaicre devi ce. There

is then r..a,the .nterface to fill the ga nd concurrently
provi de S&r)&g\e[ﬂggﬁ Qlf%hg?@?%qddp%of?‘?“g@.g a{“gfﬁﬁ‘lﬂwnﬁ %Fdﬁg{“?cglﬂgt FPajent hoplicatign been
t ransf ﬁr Sexdhl bt werp,mfhmwd “smmgBLamlaTHIeawm-nErmuzm%Dewep:l,n iﬁ}je@r m wi dt h
gaps thrqu t Jse of ."gap pads," or silicaone-based el astic pads. For
exanpl e, 9‘1’%22 ]E’sgﬁ%% ﬁ?'gfn%gﬁ&"(‘g’élé a%e%Hg%%ﬁ@?t&W igation Serial No.

wwv. ber gqoi 59,688 Rasy \ARIABURAWERIGH THEROMALIINTER FARiBDEVICEbARAOGS] 2Rf fers a
range of 88 nf oc{ mabl e, | ow nodulus filled 25301250.

0. |, Docket No. :
20030004 6%%: 879 §o:RFAETE PRE FEHRINLhassignest Uy afatest Appliratiehissial ¥a 10(FREF2.coat ed

fi ber gl agged BHERMIALf TRARSFERISTEREACE SYSTEIN AD WEETHODS 2 fidiaeBR 2, baoer f ace,
where one side of the interface is in contact with an active el ectronic

devi ce. fsidiclogiares of afof hich apefierchy peamorpindderevby ieferema¢: conducti vity.
Furthernore, large forces are generally required to conpress these pads.

Moreover, siliconebased gap ppgspcantak vERSTEGRD hi gh tenperatures. BRI EF
SUMVARY OF THE | NVENTI ON [ 0005] I n accordance with an enbodi nent discl osed

herein, a vari ajbes2peimaiitinteh@sdm@lates B iRGf emefeARMIidte patiANI AW td @ afifdie
transferﬁi.gﬁ heat froma heat source to a heat sink. The device conprises a
first unf@ é]i’e“fnélt‘ﬁﬁevmi?yl indrical joint conprising a first cylindrically
concave surface in slidable contact with a first cylindrically convex

surface. The first cylindDESGRIBTIONGRYEE RELATED AR t he first
cylindrically convex surface share a conmmon first radius of curvature

relative to a c irst _cylinder axis.,The first_.cylindrically concave
surface is operggt?ﬂewt f(}JhFrSta?ft 4B mceﬁlﬂé"%éc(?rﬁqﬁﬁt sf’|kr1§px%{ﬂtlaﬁ?§élfsm£ﬁ¥§b°P’%l ative

to the fphedt soydd, frackaaplé y poosse@or sthef te dlatroninjderica tiuefltovariatibasdnal

angul ar m: j een ot he .heat. source.and the .heat sink. [0006] In
accord an%ﬁ(\%&%s%?éﬁ%%%ﬁ% ?Megﬁlg (&l]& SAEAYe (?ﬁwsc?;’l R §f %‘g‘ﬂ‘%‘rﬁ ,gelght\??aﬁyi eéﬁhéeﬂgf%qng ht

t her mal - thethestfsinkand theiactiveidsvipe. Cltieckeisl tHen n neadafosd ermiahntdafaad tof filnthe gapheat
source t ' : evi.ce conprises a first wedge interface having
a first %‘fﬁ‘r?g‘?‘ﬁie&ﬂ%é‘dggg%ﬁd‘ﬁéa% (Saf%rc%qﬁ?egi “with a second pl anar surface.
The slidably contacting first and second planar surfaces are inclined

di agonal | y rel atlf904] t draditiongllys heas hasdheen travisfetred bétweshadieatsotred pst almat  bet ween
the heat 5568 ndAdnidtn PRA aﬁ“ﬂl‘(fu H i ubd %fs‘%%qgeo} ﬁﬁﬁ%rné-%?s%dl fogPerable to
provi de z-axi s expansion o0 % e varl able he heérmal TNt ertace device.
The devi Baiss Fer sxampleoRsrBesgaisa Companydsonentl @agerittpr ¥ amev. bragquisgcompedny.cch pl anar
surface jn $hp gL | 3 i dably

cont act i rn-FH SRR (UG, ] el oL iR AR T RALET
relative to the z-axis. The second wedge interface is operable to provide
z-axi s expansion of the variable height thermal interface device. [0007] In
accordancewwiit h yet anot her enbodi ment,di scl osed herein, a method of
transfernng heat froma heat source to a heat sink using a variabl e-hei ght
thermal -interface device is provided. The nethod conprises providing a
first uniaxial rotary cylindrical joint conprising a first cylindrically
concave surface in slidable contact with a first cylindrically convex
surface, the first cylindrically convex surface and the first cylindrically
concave surface 25301250. | Docket No.: 200300040-1 sharing a common first

Y o, o, . o v o o o, .
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[0008] FIGURE | Ais a perspective view of an enbodinent illustrating a

vari abl e wedge thermal -interface device (0D09] FIGURE 1B is a perspective
view of an enbodinent illustrating a spring | oaded vari abl e- wedge -
thermal -interface device, in which a spring clip is added to the thermnal
interface device of FIGURE 1 A, [0010] FIGURE 2 is a perspective view of an
enbodi nent illustrating a cascaded vari abl e-wedge t her malpoikhtingr b@Ges0GeVi ce,
in which two or nore wedge structures simlar to variabl e-wedge

t her mal - iSWF@}efeé?é@“&émdé@gV@@w thickgess pn FibBwRESed fiperglass carrigr ilnes. Shiscked or

cascaded pi b\ 8in be diddes b inRRnail; 3A Jr e ective vi.ew of an
enbodi menta. {11 ust ﬁati ng an a%slgtgn% - ehﬁl\&/egﬁggfﬂgoﬁg}egﬁ?&{cagsrlﬁﬁht?cﬁfv ét‘ﬁfa dce

devi ce, Rreibkglcieniadevicsa Relatinetognstald, theseqiads have dow theyohdl nohrductadlity] oi nt; (0012J
FI GURE 3B, i e tive. view of an enbodi gent ill.ustrating the
var bl o pmerRBreriBeI86 SELHRAR) Gt & CoforeRsREPal, VR vFobaTer a4
i s a schoawmd gap phdsganam withstand aigh eahiperanires. | | ustrati ng a heat sink hol d- down
device, in accordance with a disclosure incorporated herein. DETAILED

DESCRI PTI ON [ 0014] The e f@%ﬂ%l j ' escribe a system and
met hod for creating a th% 1N §ﬁ£§£3§§“ﬁﬁlbﬁ| a variable gap and
concurrently provide efficient heat transfer properties. 25301250.1
Docket No.: 20030054 01n agcopizmie vRthEoRESodimantatisglosedhesdinw varishetbegisas ed
vari abl e yganatinefiiRldeliBd RotAsRd (R traflifSf ' RGO Gormen! y
assi gned U..S%.1 Pat ent eAl\ppl ipc_atl on Sg?% %ﬁh%&g%[?z@gaﬁg%gé @%eﬁ [ é‘g(l' o@qgr e of
whi ch hagdeviessaomipnisssrafustanidiahmtasy eylingriqabjoert eoroprisifeQfiret]cy FdEIRE ¢oficive a

per spect | Le i iLlustratin ari.abl dge, .

Pher ot - pifcy liaalie B RAEh FRRbypuned EONP R it PRAESRG8IY e hea

si nk ext esrsacrsulfBG and the firktatylingrjpaty @nekexl sGifaceBhdrancaamby finnddiubef mal |y

coupl ed to eat .si.nk base (not shown. in F GURE | A).. Alternatjvely, heat

si nk ext té%rg?%% r%ﬁ%ver%%ﬁ “‘Berp %EIFS’?‘ESYAWE%T e\ ihe *"ﬁf%' P%ch)aBYaF‘incﬁ‘fe #eitat sink

or heat sperdblb@setatchboutdimoemicrfas cylmier dinelatverseite fasteyhhdisally donfrdxGURE 1 A
are orth ul ar es Fxed r espect

t oS Eggt t rSS]‘I?r?] ot B g’irllsgatr‘? OB a?%‘?‘lgfrﬁ?slr?gé’g’%n ﬁeegﬁﬁeé? SOuts6 f’?#m Wg‘lg?é 8 and
cp about sinke respective z and y axes. Heat sink extension 106 has a | ower
flat face inclined at a wedge angle relative to the xaxis in the exanple of
FI GURE | A [0006] In accordance with another embodiment disclosed herein, a variable-height
thermal-interface device is provided for transferring heat from a heat source to a heat sink. The
device comprises a first wedge interface having a first planar surface in slidable contact with a
second planar surface. The slidably contacting first and second planar surfaces are inclined
diagonally relative to the z-axis parallel to the shortest distance between the heat source and the
heat sink. The first wedge interface is operable to provide z-axis expansion of the variable
height thermal interface device. The device further comprises a second wedge interface having
a third planar surface in slidable contact with a fourth planar surface. The slidably contacting
third and fourth planar surfaces are inclined diagonally relative to the z-axis. The second wedge

interface is operable to provide z-axis expansion of the variable height thermal interface device.

[0007] In accordance with yet another embodiment disclosed herein, a method of
transferring heat from a heat source to a heat sink using a variable-height thermal-interface
device is provided. The method comprises providing a first uniaxial rotary cylindrical joint
comprising a first cylindrically concave surface in slidable contact with a first cylindrically

convex surface, the first cylindrically convex surface and the first cylindrically concave surface
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[0017J Lower wedge el enent 105 has an upper surface inclined at the sanme
wedge angl e and making sliding contact with the lower inclined flat face of
heat sink extension 106. Although the lower flat face of | ower wedge

el ement 105 can be inclined at any angle relative to the xyz rotating
coordi nate system for convenience in the exanple of FIGURE A it is
oriented par allel to the rotati ng xy pl ane. Likew se, al tiecegh: 2063@0d00wer
flat fac | ower e ele 105 can be incliped at any angle rel ative
to flat Saéwamm?fsgfadﬂeé*?‘s curyaiwre Sslatiigde pepmimen fisteylindmakisi Ehemethed t he
exanpl e @frthe eliffEisds shidinkg tﬁﬁr@t@gﬁﬁlﬁri@ﬁil%h@dv% ShrfdcOrdidtit 1O4RD Bk erirtd&&ﬁ Lower

wedge el enent 105 is coupled thernall mechani cal ly to heat sou?'ce 101
and t hus “PVEY sukse.crysing dhee pfeaps hermﬂerhertrsemhealtthgm giak. 1Tiemmethedough

sol i d, higgihet QIR g%% r 105 and
heat si nk e>(<3ten5| onS a%g hﬁf&%‘eﬂl&}t@&ﬁén%%%éeﬂe eso‘\'léylélgl%fa tgé @%ﬁf‘}é%t

i nt er f ac &renghygssfirsy Wal\v@%éymden@mmtl@@ tengfenioa heas ifnofn thxheahsiuome 106 nay
be fill egh¥idhhnhisO fmac] erial, typically thernal
grease or pagglte lto re uce targra%mhﬂrl&ﬁt%rhggl?ast%ce and friction. Heat

source 10l, as shown in the exaﬁue of FIGURE 1 A includes processor chip
104, processor |id 102, BREFDE TWQET@DM@O.N@S FIGURE 1B is a

perspective view of an enbodinent illustrating springloaded var| abl e- wedge
t her mal -i nt er f aqeoodpvireGURRQA i B E&I%ﬂj Itvesvlw @&n%htbedlhé&t il]8s flvdrble-
thermal -i nterface device 110 of RE | A. A wedge- based t I’ I nterface

devi ce i WERgFdhsRalintssiace,devicei b i s di scl osed in co- pending and commonl y
assigned U. S. Patent Application Serial No. 10/419, 406, the disclosure of
whi ch has been i[pem) pFIGURE 1h€t§ @bé}sd%m%m 6fa%§91b8dxfhem @Qﬁésﬁxﬁgér}g
200300040-1 reference. In the exa , e Nt 105 and
heat si nkoagsd @raklEW eri%tharr@l-wfaf%?qvwadwhtcbgépmclrpnlsta dto thertlmrmilon by
Spring clrtifadddevidedbf@REUNAGAAtI On, spring clip 141 is shaped approxinmating
a deformed rectangul ar frame. Two opposing sides 142a, 142b may be but need
not necessarily be straight and parallel as shown in FIGURE 1B: Two

al ternating oppd99Qy SIGERE 24saperspaciiye yiew thaple@éPfllylewemSWW@SttadWar d one
anot her afafbRIVedRE Bre one

anot her. [0019] d?n sﬁ?flﬁﬁ_@ﬁ%;&%@eﬁ{»?}g%%@%éﬁ %ﬂg Q‘IE&EG%S(M é’g% devi ce
120, spr rwb@rweﬁgamnna ldrtf@ynéavlcesdemﬁest maFIGURES lArandrlBlaye dapiked o de, for
exanpl e sistlRed h3fe - Q&SRS a@gai nst the largest area vertical surface
(aligned normal to the X- ‘axi s) of wedge el enent 105, and a second inwardly
bent side, for exa | e side 143b, presses against the | argest area verti cal
surface (al so allf@déd mﬁl\tlba?qﬁ@e&ﬂvaﬂmof@fl embedimentiluseatingwi on 106. The
CONDI NedaBGRES tHalR-hbRhC RSB Bic3 AL RMIng b Bhsc'dtle L NEAGE,E) SENt 105
and heat sjnk extension 106 generate shear e compone {s across the

i ncl i ned°YlinfEsy ipint; bet ween wedge el enent 105 and heat sink extension 106,
urging the contacting inclined interface surfaces of wedge el enent 105 and
heat sink extenyoen) 19fGURE Shlitlh dloftd péRpbdtve VEw R BRboaihl s ARYaill' V! N
wedge el ement 105 to expand t XIS R spring dl

vari abl ebgeerb! ?hfe&}tﬁﬁtenvﬂtl@ﬂffméedmf@@m 3t°~oarfd I I the aval | abl e gap

bet ween heat sink extension 106 and heat source 101. This sinultaneously
dri ves vedge el guolo} BSURE o1 &idndtc Alghnd O R SE0B S AGlabl) Alchl 0 heat

si nk exte |on %, t her eby sonewhat ucing the incline ace contact
ar ea. V\hle f‘?ré“ eva%eatj%&sd%e WI*I‘PéI&CI%Wa‘%F%PQ!@ﬁ?)heslgi ve forces prevent
further offset between wedge el enent 105 and heat sink extension 106.
Spring clip 141 may be used sDETAILELY DESCREFMI@Nshear forces to sliding
wedge el enents in other applications, including both heat transfer and

non- heat trans app n anal | SPL.I ng clip 14l be attached
to one of the gepe %ﬁ%@%&s‘n@sc Cﬁr %&deﬁgﬁ' e’Bt"ﬂ‘i th”%rt. onal

f ast enercreqtiog 2 GlerPil QUREAcR thas wéll ﬁhea s@iablei gap atd @mmtenaylp@me GFfeRAt heat

illust rattdnglgmgrg Gagded vari abl e-wedge thermal -interface device 200, in which
two or nore ge structures simlar to variabl e-wedge thernmal -interface
devices 110 and 120 depicted in FIGURES | A and 1B are stacked or cascaded
in the z-direction. For purposes of illustration, in the exanple of FIGJRE
2 are dephehed two such wedge structurges having i ncl i ned wedge i nterfaces
215 and 216 oriented at a 90-degree rotation angl e about the z-axis
relative to one another. In other inplenentations, arbitrary nunbers of
wedge structures may be stacked at arbitrary orientations relative to one
253012S0. 1 Docket No.: 200300040-1 another. For nost applications,
however, there is little or no advantage achi eved by increasing the nunber
of cascaded wedge structures beyond two [0021] In the exarrpl e dep| cted |n

1 7~ IS N Y ~ A -

~ N - o



a cylinder axis oriented parallel with the x-y plane or inclined at any
angle relative to the x-y plane. [0024] In the exanpl e enbodi nent depicted
in FIGQURE 3A and/or 3B, cylindrical joint 315a-315b is forned at the
sliding interface between concave upper surface 321 of |ower elenment 305
and convex |ower surface 322 (hidden in FIGURE 3B) of second el enent 306.
Concave surface 321 and convex surface 322 have radii of mtkeiwataeseosat ched
to one another, represented by broken-line arrow 335, centered at cylinder
axi s 325. Concav@o&]rfFaIQéJR@QlAi ad 1 Bishew B Mpdgs-hagedoyasiable et themnal intesfapes ex
surface 3gdis@bRHtn &)‘{)énﬁgﬁrap@l‘dn%ngiﬂ%_ass@ﬁe(f @.Bfﬁaﬁéﬂkgpliﬁg}{orfg'{]n\é?ﬁo.ar rows al,
provi di ngl Si ngl e- axi s bendi ng, capabi l ity 1 n vari abl e-hel ght

t her mal - i{AK&9-Fk eheglispiasure abwhictohasthsepoinedrpgrated bereiaby refeteficgce 321 is linearly
slidable parallel to cylinder axis 325 relative to convex surface 322, as
represented by |jooeq’ RGURESA i@aperla;se@mzéiﬁagoﬁdr{%b%aﬁ%nﬁiuh&ﬁaﬂﬁ%g%—?ﬁfé-
capability in variabl e-height thermal -interface device 300. |

Oyl i ndri &¥res Bemal-mafacgdepree 140.sThamnalriptpripesrdewige ht0 comprisdsihdatisipki nt er f ace
bet ween CANEI he convex
| ower sur%?[gce 3Z%R’RE{%%ggg?%&F%Rc%ﬁaé%%ﬁgWﬁg%@qg?%%%%gt@%g?a%%glﬁ8 ° Concave
surface $398skaven 8 FRGUREIdnf Ademngivglyheabsinoefitinsiof 16umenbafabricadaled t o one
anot her, ; = L:1 r . Cent er. t | i nder axis
320, CondueRiFaR DL B8 1Y P O HhERE! ER SR TRt Bl BEARE T e
324 aboutflGYREddesuegxthat x326nd agreroathogevalreaahebiar axes Gisell with eomcad hegpr ovi di ng
si ngl e- axi i i i n.vaniahl e-height theromal-interface device
300. Ot Asg SeeRorl e SRR ooy 2K T30 Rh b b dF B st 2R 1 o
cyl i nder azesi $lednkrexteatipy €04 tms @ dowee Ratfuvef iadime B4, wadge iy ekhdnd @dhdyy | i near
arrows 2. .providin I -axis translation capability in variabl e-hei ght
t her mal %’rﬁl er 1afEt é%?tiﬁga%l '0026] Radii of curvature 335 and 336 nay be
but need not necessarily be matched between different joints of the sane
vari abl e hei ght [OAEH ndlovienwedgeatementeldis hes an@ppérrsdeficednatine3® he s3m6 weage be

par al | el - |.ane _or nma ori.ented_or. i nclined at an gle

rel ative a{lée %‘ﬂ:m%(ﬁ(ﬁ%ﬁghn@ cgrr’]ta?t(‘)'Vrl%rﬂ!é)ﬁelg‘fvfr\}géIPS&jg?{efaczir’?gi’?’f’é pink gxfens rll%gal joints

havi ng cylthoggrthaossr Ba faceof lonetwedyy clenlesr 0acen WeidgRed of Bpendlereltivety t hat

relative transl atti on l'[taet ween i nfl erfaci ng el ement s prgﬁ(gge:‘%s Z-axi s expansi on
- 1o e

of the vEAFYBIIHECGACTRISSY IR Pricayisate dhs Eamplesf hg ieF eieiRds of a

cylindri paklidled the réEheaRtpl@BALI¥wRE aBRdugh bl IORSIaTt £264 0fIBRG wddBE BiEmART 0SS

t he mteréﬁce, f,a?,ll tating z-axis expansion in a manner simlar to

spri ng- | SGueAH 5aRaapt & aearele relsbysiailll wper 4 d67 abhvrteniongosion 28H fa  Docket
NO. : 200863Qdkenck if &2 canbie beAGUREN CeRfortfied Afalldl id i ufk? Endlo7 FoliaP! ©

hei ght thermal interface devices previously describe erein, the

i nt er f ac &&dgrerlsnacdn 1 Quis cavpiqdiibermplly andmeshanically foaicatssonsy 1 Qlearidj thisguovidesh a

t her mal - efifcRhf RGEIIBEL kbRl heatlsYREC A1 ot it i ; fgduce
both thermal resi ;t ance angatsl i di ng tf Fi%}ﬁogﬁ’.hl%ﬁ%;’?l %J’%Q%Sggwg%ﬂglro?
cascaded Yer Wedgsrigmant 603 andtheat siny lektompianclgb tg i heat sipk based&he $lidinpanwetactegr ees
of bendi i ' Sk .0 sphet.jcal..joint.
Advant aggge rggé g%ﬂ?%ﬁg%?ﬁg%gpj&gﬁﬁh@%%%aﬁfﬁ "p%%ér?eﬁé ﬁ?é\%%?}{‘%aecéﬂelﬁ% dment at i on
i ncl ude: c9rdorpg] theimalinterface yatenidls typihllstherrat greiss onpaste, @asduee both tieabali cat e
than a splffiBee HdHidopdiy a . [y | many .met hods,

i ncl udi ng anyceof_ %gl@oﬁegﬁmbﬁgy@f %sﬁs&é@f?ﬁ(}ﬁ? %n :151 © (I)(?'I%i{%qﬁ}nﬁé’fiesa ush-form
gr i ndi ngProessaeThip Idderracegsar Hid il Py afd ¢imdit boayd&03. et hod of grindi ng beari ng
raceways); Fly-cutting, where the path of the part is at an oblique angle

to the axis of thei1g)! ¥igukkas ; | telvid | face that
is not quite cy,I[i nd?i cal, but l? g{s’éﬁipr?me‘llleIV:%iagﬁ%%gg§tﬁ%ﬁﬁ§nﬁgﬁ%€m t hat

the devi £2f¥hahaklGedss hemelintesfeeasdeyisn 130 in whish sivias clip $4hiapddedter s (nn) ,

when t hethefihAlinterfack ABEE: [1OVHFIGIRE PA. bﬁ@édg@-ghgeg %ehﬂl-ént-hx?acg(agﬁizéjer ed. [0029]
The cost . o{ machi ning a bearing raceway 1S $0.05 to $0.10 per cut. If all
including a spring clip is disclosed in co-pending and commonly assigned U.S. Patent

Application Serial No. 10/419,406, the disclosure of which has been incorporated herein by
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three elenents of a variable height thermal interface device were made of
copper, about 32 grans of copper would be required, at a total materi al
cost of about $0.22. The cost of machining each of the six required cuts is
$0. 60. An assenbly could then cost less than a dollar. (0030] Second, wth
two stacked inclined cylindrical joints, the vertical travel can be taken
up by both of the effective wedges. This doubl es the ver toalNot o@wedo-1r ange
of the varjable height thernmal interface. In accordance with the

enbodi neftferenies dp B &gaprle of IGURE, . iweBgecelerasng h9S anddweatsinkienteasiomtas atevi ce
may i ncl y bsdad ; i : St eyl i joints,
spheri cal ﬁiIj(?noglt nts, %&%ﬁmﬁcﬁ%’éF?‘%cggébﬁﬁmggwgﬂngﬁgﬁggy%# %&ggij tljr‘ﬁlée

st r uct ur aapedapproximatingadefamed pleangwalframsi Awopppesingesies &4Jaet4Zbwedybeuni axi al
or nufti | : ot 5 o] ngati.on for

m sal i gnﬁ&ﬁeﬁ%gﬁ%@%@%@ﬁmﬁ%@?&g% a%s gglﬁ ngmeﬁgs?ﬁ%m%ge

i nt er f ac @PPASEHAEisiies 1434y 1 4Bblace thpirajlytbent-imwird tayapd orermpetherdni are frestwasd té he heat
source a i i i -axis cylindrical joint provides hybrid
capabi | i {é?eergggr%npzéégiér’ifﬁgréogg'{d Ojﬂglgl}lot%(r:'onbi ned with a wedge interface. [0031]
Wedge- based vari abl e thermal -interface devices, for exanple variable

t her mal i nt er f acl@0tvilo eminelGadad darBbE-verdge thetreaintaifdcy devied 120) @ring clip

di mensi o VAT r . oneters (nn. ters. (00 In
pract i ce?a% lic'ea h%ﬁﬁ%&éﬁ&%ﬁ‘%&%@@?ﬂé@% ¢ Wé(aﬁf@fa%ld% ﬁﬁ%‘? Basss ééf‘b"sg%’%st er plate
i n any oflargdsearesrartiiiabenfase @liged oseth! hethek-axigkof wedgpelauém eos, hyd apgonf a
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such a hngwd%P @g&/ﬁrﬁé@\%’i fgfe)éxlarsnp% Sédgﬂggsl%arelsﬁs Ca:%a-lrﬁg% 1oL er %eﬁFﬁI)W%ceaéngned

U. S. Pat elignedppimat at ther-aSey éfdleatNmk edBhsidiOlL088 G he tdigbisidsohpeessiee Pfceyhi ch has
been i ncqrporated. herein by referenc FIGURE. 4 is a schematic di agram of
an enmbod{® ’r?{i%?lflf%clhgtlghﬁy‘ﬁcéjﬁ? elg‘?‘ﬁ‘ﬁ%firﬂi- BW‘fﬂ‘oeé‘WE‘@“ ] gef“ﬁarﬁébﬁfgance

wi t h t he faboscenponans 9658 tHRAndlinsCihREkidedetiteh Se@fe dMnddne1d5%hna WBAGMKS heat
source 101. Heat _sink 43 includes heat sink base 401 attached to central
post 44, © tﬁ’&f“f"ialr‘? Y B0e R epeing snclipefjatenface surfages gbyedge fiemenicl0s gad kest pol st er

pl ate 49 siak@xtBrEXIOINESo bR ElatBRItd B AbthtiHeBNdSYiRSWadLe @1ttt 5 tCakbaftd
rigidly gcs%t ached to e 45 using screws or other fasteners 48 presses

a
downwar d r?'ath’Fele‘égﬂ}Ei%fc Bring-apdsd \@peblenyedss, thexmakinterfagaerise 130e fildhel t hr ough a
bendi ng &wiRHk ghPbdi@ednRht shikSkiefldon 0BHhE Bhat RASLe B4, irhis SnMAnRHst) Brives

distribute the load symretrically across the area of heat sin ase 401.
[ 0033] | Wedgnhlerasnh bfi HengtBe xauato bepome effectmiptivntohtatisinkrextfension t0fethereby

PRy oo Skl tARRIPEL HRE SR e Shilct IR2 WA R NISRE 1A L0

Al ternatively, a variable- t ermal -inter Ce I'm ACcor dance
Wi t h t hecgarrsssive fenetscdeventhfugherolfset bstampl wedga elembhteldé agthbeat $ink emadnsiont er f ace

device 1 i | i.Qi variabl e- hei ght .t hernali.nterface
Govi co 3685 SR i DaGhabe LOFRARY b bRk AL AR B M Nedt SR o cown
devi ce 40therapplicationy irstudingdeth Lieat tpasfer dné abn-séankaesfdr epyslicativnd.1 Optichall)i S

configurat}d - h i |.4- do device 40 l.ies the. | oading that hol ds
vari abl e-gpkle"%ﬁ? lfﬁ%‘r@ frg?!-&}a%egg? 3’(1:62& SV EE iliﬁ?rﬁg%ﬁrfg LU PO PWEY i cal j oi nt

vari abl etrhditieat fapteeermal - i nt er f ace devi ce 300 under conpression agai nst heat

source 101. [0034] Enbodi nents di scl osed herein address the probl em of

m ni m zing the thgiorelrGeRES D I}Q rce and a heat, sink for

a situation in V{Ihi A he@ﬁ%a# Sgegs C(Zt}v\é@?e@ & an%%goén%gnt 1ﬁ'us%atmg cascagled
variable-wedge thermal-interface device 200, in which two or more wedge structures similar to

variable-wedge thermal-interface devices 110 and 120 depicted in FIGURES 1A and 1B are

stacked or cascaded in the z-direction. For purposes of illustration, in the example of FIGURE 2
are depicted two such wedge structures having inclined wedge interfaces 215 and 216 ortented at
a 90-degree rotation angle about the z-axis relative to one another. In other implementations,

arbitrary numbers of wedge structures may be stacked at arbitrary orientations relative to one
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ZSSO0i z2S0. ~ Docket No.: 200300040-1 and the heat sink may lie in
non-paral | el planes and/ or where the distance between heat source and heat
sink is non-uniform This is a problemthat arises especially when
attenpting to conduct heat fromnore than one heat source to a single heat
sink. 25301250.1 1 O Docket No.: 200300040-1 CLAIMS What is clained is: A
vari abl e-hei ght thernal-interface device (300) for transfmekinagohenad-from a
heat source to_a heat sink, said device conprising: a first uniaxial rotary
cyl i ndr i @B9theroiFRE mpss BEplicatans)howsrgs: these igitde g nogdvanjdge achi¢ved by incresingy e
surface (R2hmbet b abdaflah & eaﬂka&ésb\eﬁdat@of' rst cylindrically convex
surface (322), said first gyllndrlca y concave surface and said first
cylindrically convex surface having a common first radius of curvature

(339) relative t@0RIcdmfsrxrmple tienzwd indEEURR 25 wedge dterfagg 235, fformed
cylindri gadweyn Q%P@U@ge%%ﬁeﬁpﬁﬁ(aﬁg gec)mcp\p&fg@meﬁleﬁ&% CIQ flcfined: t? QHlte

common first cyllnder axis (32S) relative to said first cylindrica y
convex s9tige alopg they-digselimiyberstitvecdsointanecdioaformerdhetveaen séoond vgdgeent

bet wveen gpinfln{Widtand BY: Sk @ﬂgnsﬁﬁ 7 Neakimh %Erg%de e ﬁilﬁff&f; meyal m 1
wherein: said comon firs er axi s 'S 1Nnc |ne ag naIIy

rel ative dtrectlonesza)@usfaqsaZOabf lolver ‘@eigheleslhmrloésitymmlyeﬂatmdbecmm sa:c d heat
source a [ Cy i ca ur f ace
(321 1 o R el RNy R LR Grte o el Bt ey SPHIERYEHA

cyl i ndri ead 1B, whemeae hea sink axtens{cd2Y typn:aay hhsraefrat up;xar quafaed, betlis typicaldy d conmon

first cy lcbl.r\})qe%r thermally and mechanically with a heat sink (not pictured). The upper surface of heat

sink extension 207 is typically but not necessarily parallel to lower surface 204, Alternatively,
heat sink extension 207 may be fabricated as an integral part of a heat sink or heat sink base.
Multiply-cascaded wedge thermal interfaces, for example wedge interfaces 215 and/or 216, may

be spring-loaded under shear force, for example using spring clips, as represented by spring clip
141 in FIGURE 1B.

{0022] Co-pending and commonly assigned U.S. Patent Application Serial No.
10/419,406, the disclosure of which has been incorporated herein by reference, discloses a
variable-wedge thermal-interface device that includes a multi-axis rotary spherical joint. This
implementation is particularly advantageous for multi-axis angular adjustment in 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 situation arises frequently when

attempting to conduct heat from multiple heat sources to a single heat sink.

[0023] FIGURE 3A is a perspective view of an embodiment illustrating assembled
variable-height thermal-interface device 300, including at least one single-axis rotary cylindrical
joint 3152-315b, 316a-316b. FIGURE 3B is an exploded perspective view of an embodiment
illustrating variable-height thermal-interface device 300. FIGURES 3A-3B depict a variable-
height thermal-interface device 300 including two cascaded cylindrical joints 315a-315b and
316a-316b oriented orthogonally relative to one another about the z-axis and having respective
cylinder axes 325 and 326 each inclined relative to the x-y plane. In general, variable-height
thermal-interface devices, in accordance with the disclosed embodiments, may contain from one

cylindrical joint to any number of cascaded cylindrical joints, each of which may be oriented at
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axis (325) to provide z-axis expansion of said variable height thernal
interface device (300). 3. The device of claim2 further conprising a
spring clip ( 141 ) mechanically spring loading said first cylindrically
concave surface (321 ) and said first cylindrically convex surface (322),
said spring clip operable to apply a shear force across said first uniaxial
rotary cylindrical joint (31 Sa-31 Sh), said shear force e} 1080dosd.1
provi de said z-axis expansion. 4. The device of claim1, further conprising
a second annangke(Rlabewther araxiymelativiy fo@ay ofher aytindrizagaing hfidbgach ofiphick fag havesecond

| i ndri : . [ | i dabl tact W 1ih d
oyl nar eatl L RIR TRl bl oL R L0 R relth B v

surface eB®28) and said second cylindrically convex surface (324) having a
common second radius of curvature (336) relative to a conmmon second

cylinder axis ( 1 [ 1 ndr. ) surfage (323

operabl e to rot 2@?22%‘6%5?%@?%’"@%‘*% déé@%&n% Pgép?%\é@‘ranggargﬁ(%@gém%%l ative
to sai d d¥eioHda-d13yipfirmedntithe didingdnterface between @pdave ipper surfren 321 ef 16Wér

uni axi al ! i . sal. rce and, sai eat sink.
11 forei S%H% a@%ﬂgg@%&%ﬁ fl]%%yﬁ%g‘gg%tlgmggg%%ﬁﬁafleg{m%?g devi ce of
cl ai m 1 fGoneave surfroaP? i midrgnexwadage 32hhave taliief (@i fvre 2dddhed) fVGn@ @ndthdr] I St

pl anar s [ n.slida contact with a ond pl anar surface
(200, o ocPeiactied Spbbker Nl a0 3aS, SRR Sorlibder s FE Gnetbeaidsontdl iy

rel ati veretetablpelidablexelstiyean abdvek surface 302 abbiichisder ShisIBNaGreprelenR@Bysai d heat
source a I eat si.nk, said wed interface operable to provide zaxis
expansi og‘q’ggﬁs alwg %FPUBTE Slﬂgﬁeaﬁl\é\%frﬁeé’}grfﬁ 2%l‘lf’ii’ By fagelie-gerght thermgl-injerface

vari abl edéracegi®0. Ombngaklly, Rbwenianerfacteddi]l ¢elidearly §lidabls baalld Bdcyhiaddr akis@p3 @ heat
sour ce t?elﬁiv@?éltonSi nsk Sﬁgﬂ devi ce c g’p.i sing: a first wedge interface
(215) having R $oRvet sutfess ’?JFR‘%FE’@“? bg‘)ea{ Qysitdairevidiga siBgle-awist h a second
pl anar s tmdstation ¢aAbility iaahtabld-helgd teraMmtaick 88vidd J0d! and second pl anar
surfaces inclined diagonally relative to the z-axis parallel to the

shortest distan t n,saj.d. heat urce .and said heat sink, said first

wedge interf aceclg%%?agﬁgnqrﬁgidf’%? @é‘ﬁglhﬁis’ém@%%é‘ﬂ'%’ie@)ﬁttb?s@&lgdm@é?qeabl e

hei ght t betweai contdve upiee urtiRY BZXof saddrld 8lemER 306 aMEld Sorlveit We@ﬁf’ﬁégiﬁ-@ havi ng
pl anar

a third pl.apar (206) in slidable contact with a fourt

surface ??%1% m Elg{(hgéﬁ?’)&fg‘w sk RIS 7t hPRgvaniafacmizdtand poryresurbae f aces
i ncl i ned3zh lage palilof curehtadeinyi@che@td dhe aforhet SprRhh b brokéh-lifiEarfiPidsest

di st ance betgen sai d heat source and sal dpheat sink, said second wedge

i nt er f ac&TGHE ARV H6i Gancavesyriace3d3dnttasblvslideblt eelarive katsineerhei ght

ther mal §uiaes SBICHOGQYIIRRT axls 325, BELHRLLR ' ind LOML 3, 0eat
source to a. heat si nzlus_irnglsa. varigﬁl_ghgibgﬁ‘?oﬁ%%{&g’iaﬁ]‘?@é‘?é\%ﬁ%%’\(}fce, said
met hod chwgmg§?1??§!h%mo\@rleblﬁgelahtfthmel-lmqrfwcidaVicer #0aGrthogdriatigrdonalve j oi nt
(315a- 315hjcE& 9IS 1igdaNy sBdablel | DfEdef R; FAME oSt &8 in

sl i dabl e co?\t act vtn t hgg fai re’s %% élorfggxlﬁdgg?{%’}@ggrgl\%\% tgﬁgl}vg’é%mfaﬁ‘(z%%’z’ssai d
first cylePianteddy liperamews +4u pfayitingamgleaicransiatdn apibilitg id aiabl-heighcave
surface {heMhalshtéLOBTRE foor st radius of curvature (335) relative to a
common first cylinder axis (325);

[0026] Radii of curvature 335 and 336 may be but need not necessarily be matched
between different joints of the same variable height thermal interface device. Cylinder axes 325,
326 may be parallel to the x-y plane or may be oriented or inclined at any angle relative to the x-
y plane and/or relative to one another. Cylindrical joints having cylinder axes so inclined may
interface wedged elements, such that relative translation between interfacing elements provides
z-axis expansion of the variable height thermal interface device. Interfacing elements of a
cylindrical joint may optionally be spn’ng—loaded for shear force across the interface, facilitating

Z-axis expansion in a manner similar to spring-loaded variable-wedge thermal-interface device

25301250.1



sliding t0,, a, said first cylindrically concave surface (321 ) relative to
said first cylindrically convex surface (322), causing filling of gaps

bet ween said heat source and said heat sink; applying conpressive | oading
(40) between said heat source ( 1 O1 ) and said heat sink (401) through
said first uniaxial rotary cylindrical joint (315a-315b); and transferring
heat from said heat source through said first uniaxial r Qoako.Cydzbotdsii cal
joint to said heat sink. 12 foreign clains 25331144 _1. DOC  Docket No.:
20030004020 dgictethia FieUREd BofAsch tiesast ofimatabletheighi terslal nhtenfjcecdrvizes ses

tati . Sal L Lndri cal | f . (32 | at i I d
firot oyPleyisldeielibainale il bosSER QY Beriey et idbeet Pedbe Hfied her
axi s ( 325)ith adbersiahigtecfaoqeatsdd]) tpgicaly thenhabgreake @pgste,as raduceotigthemial bet ween

sai d heag_es§s urcedﬁsggipg i.d. heat sink. 9. The nethod of claim?7 wherein: said

common first ¢yt %§"8™(325) is inclined diagonally relative to the

z-axis parallel to the shortest distance between said heat source and said
heat sink; and sl@027]s|Tivdi stagkedorpeicaded oghogdndllyraientey kylindrical fdihty pojdeave
surface Ldi ' |y ~ rel.ative to,said first. cylindrically
convex s&}%f?s érgéd%%lieg)o[?lg%&dg&gﬂué’éta? %ﬁseppé?vé &y asgele |°g CHRFSALPIOESt eyl i nder
axi s ( 327\ dvemages of/a cidindri@kantexebiesharmabihtesfadedmyRimieatalién ingught t her mal
interface device. 10. The nethod of claim9 further conprising: coupling a

spring clip (1 : L.gal.l. 0 id first uniaxial rotary cylindrical
i oint (315a- 31531)7’?2%@%%%Fi‘?ﬁ&aé’aég‘gﬁé%ﬁ tysh edbter so babricafe than s b B Dt
rotary cyylinddralsaiface oambe machired ngn@manyanétbods xipeladin®anyadf tieabloviing st uni axi al
rotary cyl h;&%l cal joint. 13 foreign clainms 25331144 1. DOC

/ Ns=9nf Nsds/ N "d94/ NPL/ Ns=L4/-NPL/ N' P’

Horizontal form milling;
Crush-form grinding;

Diamond dress grinding (traditional method of grinding bearing
raceways);

Fly-cutting, where the path of the part is at an oblique angle to the
axis of the fly-cutter. This will in reality create a surface that is
not quite cylindrical, but rather elliptical. Modeling has shown
that the deviation between the surfaces can be less than 1.5
nanometers (nm), when the rotation range required for heat source
tilt is considered.

[0029] The cost of machining a bearing raceway is $0.05 to $0.10 per cut. If all
three elements of a variable height thermal interface device were made of copper, about 32
grams of copper would be required, at a total material cost of about $0.22. The cost of

machining each of the six required cuts is ~$0.60. An assembly could then cost less than a
dollar.

{0030] Second, with two stacked inclined cylindrical joints, the vertical travel can
be taken up by both of the effective wedges. This doubles the vertical travel range of the
variable height thermal interface. In accordance with the embodiments disclosed herein, a
variable height thermal interface device may include from one to any larger number of stacked
cylindrical joints, spherical joints, wedge interfaces, or any combination of these three

structures. A cylindrical or spherical joint provides respectively uniaxial or multi-axial
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nanometers (num) to meters. .

[0032] In practice, the compressive load between the heat sink base and bolster
plate in any of the embodiments disclosed herein can be provided by any of a variety of heat
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 4 is a schematic
diagram of an embodiment illustrating heat sink hold-down device 40, in accordance with the
above-incorporated disclosure. Bolster plate 49 supports heat source 101. Heat sink 43 includes
heat sink base 401 attached to central post 44, and finned structure 42. Cage 45 is attached with
clips to bolster plate 49 and supports lever spring 46 through clearance slots. Cap 47 rigidly
attached to cage 45 using screws or other fasteners 48 presses downward on the ends of lever
spring 46, which transfer the load through a bending moment to central post 44. Central post 44
is disposed to distribute the load symmetrically across the area of heat sink base 401.

[0033] In some embodiments, heat sink extension 41 transfers the compressive
loading between heat sink base 401 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
40, replacing at least in part heat sink extension 41. In this configuration, heat sink hold-down
device 40 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.

[0034] 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
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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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109 () - @109 ()A BFidblobdglit)th@hrl-gneréice dedce (300) for transferring heat from a heat
0@ 0% sgzu'ce toog/ﬁea(t 1nk( I?lcr dglﬁ)ge%(sp%glg/
a first uniaxial rotary cylindrical joint (315a-315b) comprising a first cylindrically
concave surface (321) in slidable contact with a first cylindrically convex surface (322), said first
cylindrically concave surface and said first cylindrically convex surface having a common first
radius of curvature (335) relative to a common first cylinder axis (325);
said first cylindrically concave surface (321) operable to rotate o, about said common
first cylinder axis (325) relative to said first cylindrically convex surface (322) to compensate for

uniaxial angular misalignment between said heat source and said heat sink.

2. The device of claim 1 wherein:

said common first cylinder axis (325) is inclined diagonally relative to the z-axis parallel
to the shortest distance between said heat source and said heat sink; and

said first cylindrically concave surface (321) is operable to slide linearly +A, relative to
said first cylindrically convex surface (322) in a direction parallel to said common first cylinder

axis (325) to provide z-axis expansion of said variable height thermal interface device (300).

3. The device of claim 2 further comprising a spring clip (141) mechanically spring
loading said first cylindrically concave surface (321) and said first cylindrically convex surface
(322), said spring clip operable to apply a shear force across said first uniaxial rotary cylindrical

joint (315a-315b), said shear force coupling to provide said z-axis expansion.

4. The device of claim 1, further comprising

a second uniaxial rotary cylindrical joint (316a-316b) comprising a second cylindrically
concave surface (323) in slidable contact with a second cylindrically convex surface (324), said
second cylindrically concave surface (323) and said second cylindrically convex surface (324)
having a common second radius of curvature (336) relative to a common second cylinder axis
(326);

said second cylindrically concave surface (323) operable to rotate a2 about said common
second cylinder axis (326) relative to said second cylindrically convex surface (324) to

compensate for uniaxial angular misalignment between said heat source and said heat sink.
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axis expansion of said variable height thermal interface device.

6. A variable-height thermal-interface device for transferring heat from a heat source
to a heat sink, said device comprising:

a first wedge interface (215) having a first planar surface (205) in slidable contact with a
second planar surface (206), said slidably contacting first and second planar surfaces inclined
diagonally relative to the z-axis parallel to the shortest distance between said heat source and
said heat sink, said first wedge interface operable to provide z-axis expansion of said variable
height thermal interface device; and

a second wedge interface (216) having a third planar surface (206) in slidable contact
with a fourth planar surface (207), said slidably contacting third and fourth planar surfaces
inclined diagonally relative to the z-axis parallel to the shortest distance between said heat source
and said heat sink, said second wedge interface operable to provide z-axis expansion of said

variable height thermal interface device.

7. A method of transferring heat from a heat source to a heat sink using a variable-
height thermal-interface device, said method comprising:

providing a first uniaxial rotary cylindrical joint (315a-315b) comprising a first
cylindrically concave surface (321) in slidable contact with a first cylindrically convex surface
(322), said first cylindrically convex surface and said first cylindrically concave surface having a
common first radius of curvature (335) relative to a common first cylinder axis (325),

sliding +A,, o, said first cylindrically concave surface (321) relative to said first
cylindrically convex surface (322), causing filling of gaps between said heat source and said heat
sink;

applying compressive loading (40) between said heat source (101) and said heat sink
(401) through said first uniaxial rotary cylindrical joint (315a-315b); and

transferring heat from said heat source through said first uniaxial rotary cylindrical joint

to said heat sink.
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said sliding comprises said first cylindrically concave surface (321) sliding linearly £A,,
relative to said first cylindrically convex surface (322) in a direction parallel to said common
first cylinder axis (325) to provide z-axis expansion of said variable height thermal interface

device.

10.  The method of claim 9 further comprising:

coupling a spring clip (141) mechanically to said first uniaxial rotary cylindrical joint
(3152-315b); and

applying a shear force across said first uniaxial rotary cylindrical joint, causing a z-axis

expansion of said first uniaxial rotary cylindrical joint.
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