; e3ei ddef Ff h6hTi doC 5 TECHNI CAL FI ELD OF THE I NVENTION 4 April 2002 The
present invention relates generally to devices for burn-in and testing of

i nt egj_rat emmm“mmmm"m chips (1C or other devices and nore specifically to
t echni que Mg the ICs on the burn-in boards that are y;ﬂe}d 50
ensure that news manuf act ur edBURN-EN BOARD SITH BMDAMESBLEL i | | piL2002

particularly, the present invention conprises _a socket that provides an
i mpr oved s#ﬁﬂmmmm,m@m ling the devi BEARSEYKDEYIGK,G i s capabl e of
accomodat i m of discrepancies in the presentation of the device

under test. BAGKGIRIUND OF THE I NVENTION 15 20 25 It is well-known in the
art of electronic device manufacturing to test, and/or "burn in," various
electrongc sub- conponents before assenbling theminto a | arger device. Fox
exanpl e, “conput er chips are frequently individually connected in a burn-in
system for the purpose of ensuring that all of the desired electronic

circuits in each chip are ope i . .The - | accel erates
aging of the chips and thus arlﬁ'b:ﬁ_gﬁgé‘i‘ée. J‘v’éﬁﬂﬁﬁgﬂ%ﬁ fdentified and

di scarded early e plgenbBivertithirblafes GerlRfalyeS devidddifsr bubn-HEsid tading o BfeHERd 1 t
allows the manufacturer to avoid the expense that woul d otherw se be wasted

by const ructirat ehipslGkor othes devigss A anare spreificaldy toisehmiciien fricnelingthe dEs o8
chip. | foadgid i B4 tatl e uscd'th \dhifre fiat REwIPMhnuflohirdd 1C3!FO5RaER fBF L LS
may be subjected to various other testing opefations. The term "testrng” as
used her ei nStill here@adisulatly, the peaspv dnventien pomaprisae atsocket that pysaides iandwpraved a
burn-in ope i i | I G e iC
component - £t gpr S Rl RevibELARAEA el i bl 6EheoofimhlIEL 1“7
test" or " DdiEctepaxies anthe ptasehtstionof therdavicelmder teshi ¢ | eads. These | eads
typically take the foam of an ns that are
positioned to correspond to el gé@éﬁlﬁb ayglﬁﬁéﬁﬁgEﬁ#&g-surface of the 30
DUT. Thé&5DUT is [iliamell-kmowhhie tier arageedtmaitsdevivetniamfaivriap do test, aall/or “burn-
connection iLs, nade a ach desired i.nt.. During a,burn-in or test.
operation. Heat Qs RSPt b BYmpHITAors AsTLine A iy 4 Brest fRtigs, For

t h(r]I ough t heemﬁdple,u&nfphfeﬁ ¢hips aanfréqn?ntwﬁdivﬁiaraay Qi)m‘{jeetgd e buer-in J_;ys&a} favike f ul
and, correspondin , the _apount of  power. consuned.durin umin of a
conmputer ch gﬂq’\ﬂé% & g‘ﬁ“‘l&ﬁ fhat 2‘36}2. ‘qﬁe‘?egﬁ%f’lﬁcw fircujts mn f‘r'ﬂ%sg'l‘% aeogpergtiopal.
anount ox hgaé HIRNAT Roedds \Wodeldrated adif@ bf e chipsaicthiu atiows dbfdctde étiips aObé ed
in nost _cases. Wth the advent of pewer, nore powerful, .chips,. b{%tebamunt of
heat geR@r afdsatified angydisearded sarky 8 the Manpferugng SFECEss) d,h‘Fr‘%ﬁF“&ﬁ ogaysg 1t

watts, to 3@ndwotnsadantfatturdi® Sroidthé BxReSH thitGhould betwide RAGstE byQohstAictifi P
packagi ng has notivated manufacturers to advance the burn-in step so that

it is carri @datEsEH Warosxpensive fevica fomaining dhe defegtive phipy ol Adflition,ite byt
manuf act ur eggmp@tes aMips ahE RS inREraRACKALUIE Iy PET:AGEUNE t6 MaRoudbiheMeatifig
that the burn-1n operation nust be carried out on partially packaged |Cs,
wher e the siepsradensdiTheitermeftestingyasised herging intended jte, propmpassiang daclpdssbygpdn

| ess roBust O?é}gﬁ&gre susceptible to damage than 10 fully packaged chips. -
Thus, the butn-in operation cannot subject the DUTs to excessive or uneven
forces. Because fthe bumrni operation, tsachc ghip; duteguatedacireuitc Gfr OF | atbier electronic

t enperature

C S i . e & : s UHR{ ¥ s
ot romas. 1 EoRBonaE CRUP St il ThABin SRR orll (£ HPREEGCuldl REEA Wi T, i
burn-in be cemmeted to fveratelediionis lehdesThsse lqadotypidellystakd the f@mt ofcanaiiiay gf drball
w thout a very large heat sink. Ljquid cooli usi,ng an,el ectrical l
surat i o EPlp PSS BECe petsned o onRerdng o Atbron o B wReBRe hGes e me
power Dgs. DUT.! The TANEid pladed oAUhS bitgleld edds sb Abdtiafl Gledtrival édnabdtionia ehedg et
chip rai ses new consi derations over burning-in or testing a fully packaged
chip. For efafhflesiredneinti al |y packaged chips are not typically adapted to
readi 'y dunp heatpyghe b bGml-@id tdsLOpErdtiRe,; ha%?is'héenbtﬁtgh BY\HE %a@@atge ¥ Gtr 2@ VR the

transi stors generate corrparablte anounts of heat durin urn-in operations.
However, t hdeadsthroygh thej vaniowus cirquits onsthe DIV BN diesenfoes dCe veere 1ass pewerfl and,
packages is cpal i S O r i

burn-in devicglggﬁga‘ﬂ%%" fr?lga [ %?%éb%%p%o@%ﬁr?%d g%%gs?%q%ro ?\gl A dg\%? cczﬁsl?%a?\
addition, transistors are typically sealed within durable netal or plastic
packages, so that the handling concerns that arise in the 25 context of
burning in chips do not arise in transistor burn-in devices. Furthernore,
as conpared to the volune of high power transistors that require testing,
the volune of conputer chips that nust be tested is so nmany tines greater
that cost factors that are not significant in the context of transistor
testing become prohibitive when contenplated in the context of chip
testing. 30 In addition to the problens associated wth providing
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gi ven burn-in device and providing a heat transfer surface does not limt
that capacity, problens arise fromthe fact that the anmount of heat
generated during burn-in or testing varies significantly fromDUT to DUT
It has been found that in sone instances, the anount of heat geRgfpsGA
varies by as nmuch as two orders of nagnrtude Thi s variance nmake it
difficult to 2 4 April 2002 sinmultaneously burn-in several devices, as a

cooling syshi@mehhahaiadestunt flayors @R dndubEot Rehb genbRedd WANGEIRGt Birfiah QEviges -

&

anounts of heat will qver-cool the DUTs that generate essﬁlheat causi ng
their tenp&PWd hecair-eeplediin megl eases hWVithe ther adyens ofnewer,t marscpawerfud chipsg the

Conver sel yam@uﬁqg{ é%ﬁihﬁr’ﬂ ty, I t te

| esser amounts of 'Hggr u@%op&[srﬁe{mgﬂ%ﬁ ?ﬁd%lgr?é?‘gttgeg&na%@g’ t‘e)at
causi ng théO-rlOOeraﬁemanmees to rise above the desired burn in tenmperature

[t has Doen T ounh aggitdh Mtk BRnb dob s ARG GRLRaBHR el o it pigRors o o

si gnr f i cantdwancSpecdium-tiabtey so ¢t it idicaniedi cun beforé)aataéfeﬂheﬁ aft€] ﬁhhl%ck@aﬁ@e
DUT, i ncl u% di e thi ckness, devij ce t hi ckne areness, and 10 t er mal

expansi on %EIW{F EEP}’&"%‘E@% forsagy §°ﬂé’f\ﬂa‘f’ Wgé‘ L¥s Fip.ut egns e

t ol erance. bifi€in Qpelafibd S e Gl b dnQfartillipdEitgbICY, WhbRGhS silliBsh aiérm#eﬁft I ve

deviation of all the paraneters fromtheir target val ues. For this reason,

even if al Maybeswpased sPeﬁalbr prskaged dCnare trsy refust apdimorg srsnembleptpelgmag@éan
rangesi@r ) 1 f St

exi gt suftphehgi a% |atc§/li %hgftﬂﬁsf gg‘%/b‘ggr“??g r?ﬁ’ o Gondl gugﬁctpt‘rﬁgsent %%Céﬁ%%
transfer sunefvanéort:trsat is 15 extrenely and unaccept ably m sal igned. It is
desired to prov L - s t Si aneopsly
removing at | eaisafg‘j %gge %u&;i@ {}psﬁsgp gﬁié:g% EP é%%aeéggﬁ&?e@a@&g mllln&j%écaus #‘Fe
mai nt ai ni nghxpheamletr’pe reapasccbtu)fcmmhuabiﬁmmdzsh itnis ampaam\m/\thaltethe rsizatificangheat | N

der t t ot f th I t act t be..
rovi de DECIHERH Bikife BiFn e BRBRR SR Hnk H Aoy SRR, el oling; , o,
necessify withaytpl weryplacgytieai sinke dbiguideolies, using en tlacteiaally ihilatingfluid Hey been
o st dtie. BIRAPS iR porP R o SGCLE: Ray<ROTD, ¢ fiEun BrifeRisniteny oo
t Eer rrgl D&?_f&sﬁﬁ% a phitihigy ckhgbe chipRises BV a6mderRidas bwgfbdnﬁ:igemﬁttésymglazﬁﬂy and
shape S rovidin nece sar c essive forc
pr erl‘oer red H &fépé]?}bu%ar %@“ﬁe Vé’a%lfagﬁ‘gp 5, 0 1R tYRige lb@(%ép‘%?f?rﬁ’i’gﬁﬁe

prescri bedd&ﬁgﬁ@a{tg{mw&t@y@mwough t he DUTs produce anounts of heat that
may var(xi by nore than an order of magnitude and even though sone DUTs may
gener a2@ as I|tFlleWBt%WB'PGWehE&@SISmFﬁSCW@F spppatable gmpunts R heay diriag be

readily inggnhhe rcﬁ:%x%ﬁoﬁé“ BloevetS HRMInARAati6n of tx%heﬁ@%bﬂs B QYA tiBAA ARSI

mul tiple DUTs. These objectives require that the device be capabl e of
conpensat i ng=kﬁzﬁs lvwéhﬁéophﬂw&en@@%éﬁe‘?%@% o GanaRer IOTin deviges gpandbei ng
burned in aﬁ?‘ﬂ' REAH W cobl $C k- ﬁh&é%'ﬂ:cge% Q@dlﬁ&? L&aﬂs@t@rsazma SypilyaRdi8
unpackaged chi’ps w t'hout doama i ng em before, during or after the burn-in
process. | within dumblhancteleer pleﬁwt nﬁcbagw,r gfe that mwmglévncemsﬂh@tt arjsg in the

oS e e o ) BB b ot 01

devi ce t hatompared patihe volunei aﬂhignnpmwl trasistoyy ithed mqwteetesmngsam ommm tof of

heat from each of .sev e co nsatl n tio

Cont i gur at PR et testid i iy BRED T e Pl SO Bt i b
variation m@mhﬁeait if) @ReEotdx0 6f baisvmrtedaugs)em pmhmitmenﬂxmrwnmﬁmcHMe of
each DUT within a narrqQw desired range. The present invention is readily

i ncorporat 8‘?}“?’?5105°13p§%§§?%m capabl e of sinultaneously burning-in multiple

Jtne pref eff SdidAVb @R TOMESRS askobiuidl R RbvidMERaicieat éddin Ao bS
conrrercr ally viable in terns of cost, |abor and reliabili t]égt he present
it

i nventi on Eepbusein deviesciut proyiding & heat) transfernsusieedaes Bty thateapaeitisi ng:

cirout v SRR RPARINClaoSHRRE ihdfh B Rl efirlol ing BB LR e o1

L 0 corres pggﬁﬁnmﬂyﬁmm mrDU'DUIhaabeendkmd thatdn same inletaném‘s,ltbt? gmhldmof heat
pr eador | FeieERirhtpres By sk aigh as Rio Srdscptftsttede T IR yuies SRS itaffient g

thermal contact 15 with the DUT in the socket and a heat sink in thernal
contact with a cooling nediumand defining a second thermal interface with
sai d heat spreader, wherein said second thermal interface includes an

anount of a low nelting point netal. The present invention further includes
a socket for testing an integrated circuit,




20 conprising: a socket base capable of supporting a DUT carrying the
integrated circuit, said socket base including electrical |eads configured
t'o connect to corresponding | eads on the DUT; a socket lid; a thernal
conductive heat spreader resiliently nounted within said sockgtalddidgosai d
heat 25 spreader including a first thermal interface in rel easable

mechani cal and thermal contact with the DUT in the socket; and a heat sink
i Nt her mal gifaMma6isIVbirh-if s | ' WY r i
interface with saisc?),\!r)1ﬁel’gtl sprgdégg?,c&ei/\%e#lg?dgﬂgas?ﬁ&gg%%%g%%%%l% ﬂ%e@g‘%e

i ncl udes dhatgenerate gedates amguntpref haahyilbonencooldhaDUds thah genstiate fesnhdaticausikg n

that is afdfi.xed t0.sal i I, r I pent _of the present
i nvention %Jﬁrg er "ﬂ“ﬁ% @é@gﬂg(@;@%&ﬁ&o@ 'élg%%{ﬁﬁ?a?f‘u‘r?%ﬁ %?'e @H‘Fé@eﬁ%ﬁe"& oling
circuits, syswomrthatipngperip cpdls tiel DUYs thht gametaed lesseeambursockietat wilbmidaccédl the
receive a u rt a DUT carrying an integrated circujt; 4 4 ril,k 2002
L o0l g 12T BAP bénefbec e et et Pl desmibrriyee ks Eboss the pted bunish

t her mal | 'y tempétaatd raggerenber in thermal contact with a first interface
positioned to conduct heat_ fromeach DUT to a heat spreader and a second

interface in t KOFRSIMOES Ht alditiof tp thesoperptionsd Ivpmgfionpstweasn DS T ithas beeadpend
thermal |'y angisiysia daﬁﬁgﬁﬁt%r@n)?mggytgmaxy g@mﬁfcgth rspwﬁfaxék Efhstdd d

second interface includes neans f DI asi ng “sal ermal ['y “conductive
menber  t ovdpdrapteter IAting fadhe DR Ts incipdinecdin dhitkness, fendes thinkhessesquarenesspandt  of

a | ow el ty | et. : I | r Lnvgnti on
Lo e B LSO o ™
conpri si ngverdll canfiguratidni afia giversBURatBectethe tumobkiee daddivnedf allghe paremetersand

support a arryi an iptegrated circuit: . a coqgling system a

o1 el iy T (e (ol Yo, OIS omn Vb Refihrinath § PR R Bt
i Nt her malwidtdn theit predctibedarahpessdr tbletanrdsatfahpdsevibtions@d rod offesicdact othenthefer om
each DUT to, eat . eader and a nd,,interface in ther cont act
wh sai  Soisth PR s BHBRIRLHE aRfeul BTNt D R Pyl s GaL G
nmoveallsy rextremels anduhdeCeptabdy Mikahgikdsai d second interface includes neans for
bi asing said thermal |y, condugtiv er . toward the DUT, wherein said
second i nterf adk ‘ﬁn&?ﬂrﬁ‘aé‘% pé%‘“éﬁﬁ&ﬁﬁ?““&‘“} SRR that Ay cpedbit oﬁﬁ’cr%qtaewlgi ned
in a foil rsibling 24P 1ASCIY- L0 FaftOof et Broas edth ¢feeeerhl Elips, tWiileembintaiing dibed a
systemfor testing nultiple integrated circuits, conprisi ng%lal BI rz}lﬁity of
socket s, deBperalye cagly e dithn 3 BrERw desined TaRgsp InOT T ORCCUTRYY ﬁgis at

i nt egr at eqrapifet \gbdd thermal contact must be provided between each DUT and a cooling system. In

20 addition, it is often necessary to apply a certain compressive force to each DUT, in order to

achieve proper electrical contact between the leads and the DUT.

Hence, it is desired to provide a burn-in device that can provide the necessary good
thermal contact while at the same time accommodating differently sized and shaped DUTs
and providing the necessary compressive force to each. The preferred device should be

25 capable of maintaining the DUTs within the prescribed temperature even though the DUTs
produce amounts of heat that may vary by more than an order of magnitude and even though
some DUTs may generate as little as 3 watts of heat. The preferred device should also be
readily incorporated into a system capable of simultaneously processing multiple DUTSs.
These objectives require that the device be capable of compensating for variance in heat

30 generation between DUTs that are being burned in simultaneously. The preferred device
should be able to handle unpackaged chips without damaging them before, during or after the
burn-in process. It is further desired to provide a burn-in device that is commercially viable

in terms of cost, labor and reliability.



a cooling system and 25 a plurality of thernmally conductive nenbers, each
thermal |y conductive nenber in thermal contact with a first interface
positioned to conduct heat fromeach DUT to a heat spreader and a second
interface in thernmal contact with said cooling system wherein said
thermal |y conductive nenbers are noveably nounted in the systefAenili2e®i d
second interface includes neans for biasing said thermally conductive
menber toward the 30 DUT, wherein said second interface includes an anount
of a low nelting point netal SOMMARTOPYURISVENGADN ature seals. 5 4
April 2002 BRI EF_DESCRI PTI ON. OF THE DRAW NGS O her objects and advant ages
of the inventionThi PresebiysRHRSSEPES APURIT davdsenyal ieapabla ohnfimyltaneeush ed
descri pti onreadfting @ NeakteS0ET0BNGAts tof hediSrode CRARE YR BUBVWALS coMp@bfing ford
Figure 1 is a cross-sectiopnal V|em1thr?§%£ a burn-in or test socket

const r uct ed"aritignscigr I h cantiguration and prssenéavign .l irepresent devife AhioewaBipensalsy doft i on;

Figure 25i syaptienindkst®gneidtRWbeives DBTS Sldndfidiyifs GORAPEARR ofRhcH NET WBITRI
interface of the present invention; ure 3.is a perspective expl oded view

[ Fi g oS
of the |id PUFMY 8yfired rangke e Present divetiqq is aeadily ingorppigled dntg 4 systgmgapadle, ployy

t aken al ongsiluigRodkty?ouhingirOMG18pI3 DIBIOThd \grefeRtEAANMe AREPP ABNNSM! IT dRAARL OM
Figure 5 is a cross-sectional, view through an alternative enbodi nent of a

bur n-i n soclédhe PHAS and js pmpmerpially-vighle inierans of ¢qsts abps and relighihiydi ment of t he

present inventi omhdpedthEivéifoRorpBisdsOPsoéke® Yt tédfind Uil iBregriie D SRdustSconfprbiag and
unseat ed on correspondi ng 15 heat sinks, respectively; and Figure 7 1s a
©

per spectf ve fronf seakehbast cappble at supeorfing ¢ DUJsqamning divoiRfemigterhsireyih said §ocketos of

socket s andbagdlirdciudlng elRemital3dadkonfibireddolconrd6t 1 BEIRSESINARE 1dalén thbiBUTEVi Ce
described in detail bel ow can be operated in any orientation. Thus,

relative terms sté¥keldids ypper, " "I ower," "above," and "bel ow' refer to the

20 various conMpoRekYrMalBf cdnBettive Hewd lshroatieR FeslieRWNmBiHedew Bhikl S&E sb&Met lid, said
illustration and dj scussj on ri| 2002 purposes only. Such terns are

] Sa 4 Ap p onl
not i nt endebeat gPreadgy ineluding afirst thermal icefacepa relpasatls mephsnigrirand thesmak goatact
inventi ofn. RETMNeDIDr PERCRLRTI&N OF THE PREFERRED EMBCDI | VI ENTS Referring
now to Figure 1, one feature of the present invention cqonprises a burn-in
or 5 test socket ®DEtsHELN Hsepal copfactayigy & copling msAvE Y dsliping @second thermal

Speci fi cal | jaterfabewith S:5ERdat Hedabler] Whepdif bAIICOHINrMBSin@rERGHRIded bh dmuhtisliang a
socket base 12 and a,congﬁe55|on stop 16, which is used in conjunction with

a socket |ipwoipelipgpgintmeialos — oressure plates 24, springs 26 and heat

The present invention further includes a socket for testing an integrated circuit,
20  comprising:
a socket base capable of supporting a DUT carrying the integrated circuit, said socket
base including electrical leads configured to connect to corresponding leads on the DUT;
a socket lid;
a thermal conductive heat spreader resiliently mounted within said socket lid, said heat
25  spreader including a first thermal interface in releasable mechanical and thermal contact with
the DUT in the socket; and
a heat sink in thermal contact with a cooling medium and defining a second thermal
interface with said heat spreader, wherein said second thermal interface includes an amount of a
low melting point metal contained in a foil skin that is affixed to said heat sink.
30 A preferred embodiment of the present invention further includes a system for testing
multiple integrated circuits, comprising:
a plurality of sockets, each socket adapted to receive and support a DUT carrying an

integrated circuit;



spreader 30. In Figure 1, a DUT 40 is shown received in socket 10. In sone
enbodi ments, pressure plates 24 and springs 26 nmay be omtted, if the
socket and lid are constructed such 10 that sufficient pressure is applied
to the DUT by other means. Socket Socket base 12 is preferably constructed
of a suitable non-conducting material such as are known in the4amril280d has
a plurality of conducting electrical |eads 14 enbedded therein. Each |ead
14 preferably termnates in an electrical contact 15, which may conprises a
surface 15 featuaemﬁmggmﬁglampolder bunmp on the upper surface 13 (as drawn)
of socket base 12. Lea are noveable into and out of engagement with
the | ower surfac® Phraltyyef Higrmally gogd %WéﬁéWF@ﬁspﬁFhNﬁF“ﬂbt@%@H?Weﬁﬁﬁﬂw%Hb
upper surfaggrmla? BhtaQFilEL BRSRerkioe! POSitibEA 8 JBRURL B&ht ok dathtD@T (S@rieds toO
gui de the DUT into posrtron on socket base 12. Lip 17 preferably defines an
area cor r espsdeTyd eéeqor%mf%%feprrwmﬁrcmaaqb&rﬂrsalq‘m%maﬂe&m,s typically a 20
square havi ng anyf&ea shraaeﬁerrnauﬁ&dngmlwnﬂhea%ere hi\RBb1Y %ume@rn rhr-,@ hehndBr €a
of the DLTT. For exanple ch side of the area bounded by may be
0.005 to O. wpsch&f@@rfren@erdeﬁ ﬁlarpStfﬁreblrSéWg%aﬁ* tbrme%ceﬂwevememﬁe tpyyard the
Conpr essi oNpEtORhe:Binisfid BEcBhEnRRthdE iAdlideX Biflach@int &8 ISW e Q%t&&ﬁkEt base 12
out side the area defined gﬁ¥@§§17 and preferably exten farther above

surface 13 than W peterred ey |0<§rrhf‘srref9ntrewmoefaepa}m‘9deéénsyrreee@r sestingi d,

non- conpr es fuRipR ikegiRY Birdudth, c6MpYidigiir ed so as to define or correspond to
t he perrneter of socket base 12. In an alternative embodi nent, conpression

stop 16!9s i nt egr&MUr3fity af saskets. canh opkst adanied 39 exceiva andhapgor 3 DUH gupting an phase
12 and st opinlgrdiqdinc@pe part of the two-part |idded socket Z 0. The ot her
part of socket 10 is formed by socket |id 20) heat spreader 30, heat pad
22, springs 26 aﬁ&mpWé§§ﬁmeap¥ates 24. These conponents are interconnected

and nove t oget heg enllt§7l'fofJ t&ﬂﬂal@%on@ﬁctne@%%&@n&athﬁe’i‘m&ll}Bc&ﬁﬁ&ﬁE nithfbet e
DUT. Socket lid 2 preferably nade of erature plastic or oth

hi gh t
similar mat demal coeeeraefh r.fwstzwerfgceamapefed tPcPOB‘B{S hent froghpre J2VB o &t st 16
and i nchsidegpraadbioaga ssddhd Meface/in tIRFmAIRBAtadd With 05i€ codiif@byskii; eader 30 has a
center portion 32 havrn% a contact surface 33 to which is affixed heat pad

22 so as to defi ttBergingaid thermally fondegsive AiegRery afeaoyrally ynoupiRd it gystem and

interface. kmgec&pmedere id€udek urehrerfor BI&dinpiar] taerﬁlhngneﬂ.da@vmemlaeﬂ towadl fthexed
to the upper ace of socket ition eat s reader 30

 ncl udes. an D a8 socORD ipaare ‘§S§'“‘i@ﬁ&f' a@&%@? ? ?waegr"éegq' contained
downwar d- exte@ilRginSpri ngs 26. According to one preferred enbodrnent erght
5 springs 26 are affixed to shoul der 34 al ong ardes of center p %

32. At Plast oneABTEdias i hi REFMOIH TGN d i Pr%vtrie 2y SiEMeos isHng rattp

is affixed tmmgaaumpme§uhﬁn@mg of each sprrng 26. Pressure plates 24 can be
separate from one med, as a_ si e pi,ece (not
Showny. havi ng. ang PHBSIY SHSEBHR Caty R b AUPHIde SyEbBATE SivBoT SIS CHRITiGE o6
and pressur engpraddscdit 1S provided for the purpose of applying a
conpressive force t (g the 10 QPT so as to ensure that good el ectrical
contact is maint &°FHEGEREIRMLEN t he el ectrical contacts on the DUT and | eads
14 in the socket a plursay roetnenﬁillyrmmbwnwcaienmyﬁtem tdringlty tdndactivl enedfbet QS

d pl at bed abqv b d.t to th
AT, o ofterileanis g g deged dhsiaged Boold S Moy s PUT IS Gion y
omged app:igﬁgwanm?epgahdhhxﬁ&ﬁﬁmuﬁﬁﬁka?&aamﬂkgﬁedﬂmg@ﬁumfePrIy haLemLth

nd entitle urn,l n. Bo | ower SSI 1 0N, Ich, IS
s por at o hor SRR ARG Erdud e SspBatdr Sore N siar B i sl Lt e
of any sui t adid secondintdrfadel igdtides teasniad llnysntgcmdiuhémﬁgy mﬂecrtivalmerrmgopmeftm Ir ed

t . t nmet ,
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but can be anyighwinipafalye @aRPr essi bl e bi asi ng nmeans. Pressure plate 24 can
be any rigid 20 material that can be provided with a very snooth surface,

and is preferably polished stainless steel. It is preferred that the
surface 33 of heat spreader 30 be polished to approximately 8 m croinches.
Thermal Interface According to the present invention, ~ the interface

bet ween the DUT 40 and heat 25 spreader 30 is designed so as to pnvide
maxi nrum heat transfer fromthe DUT to the heat spreader. In order to
acconpli sh maxi nrum heat transfer, the interface nust accommodate the uneven
upper surface of the DUT. Overall, the tRermal interface nmust be conformal ,
thermal |y conducting, durable and reusable. In addition, factors such as

| abor, material costs and nmanufacturing conplexity nust al so be consi dered.
It is to be understood that the 30 systens descri bed bel ow are nerely
|IIustrat|ve and not exhaustive of t he varrous systens that neet these
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surface (as drawn) of center portion 32 of heat spreader 30. Heat pad 22
preferably conprises a material having a high thermal conductivity. Because
t he upper surface of the 4 April 2002 DUT is likely to have sone
irregularities, it is preferred that heat pad 22 al so be sonmewhat conformal
or resilient. A preferred category of materials can be descri b&dpxH 2002
thermal |y conductive polyneric conposite naterials. One preferred materi al
that neets these criteria is a boron nitride | oaded silicone el astomer sold
under the trademark S1L-PAD 2000, by the 5 Bergquist Conpany of

M nneapolis, M\. SIL-PAD [ I ' formof a sheet

havi ng a thickness bet meﬁqﬁgglﬂ%%@hﬁi@@ d%ﬁﬁgwagn i nch and
preferably oleubbj&dsldhd advinitagesAif dlicligvenfisred dlrieedndapaentalpon feading thk Wollowies
filled siliﬁon?delastpner sol d ndem Hpe trade.ﬂgge T-F|%X 200 by

Ther magon, frialed dessEiptiqraand upan rpfeespee g fhe apgompagying dravyngy MESn the " r esi | i ent
heat pads22 is priler ahd ¥ Posevédtienh! i vievs g eighf O baan-iii dr tesd spekef esitseakted in

t hi ckness for 10 heat pad 2 ei proximately 4 to 5 mls. Because it is
preferred t A%L" W@‘@&@ﬁggénéﬂng@gﬁﬂgéT§mFHB“HB er surface of tie DUT | eave
no residue on theigellis anteniafzed WiRivesaaditéraatve @wibddimantt dTithe fhernlal meadabargf 23
(Figure 3) ﬂ%er the resilient conductor that fornms heat pad 22. Anot her
preferred eMSPESHENYUO8s a 2 nmil thick copper foil that is el ectroplated
with a 50 p. | ay@iguff3 igabetspettivel explauatviesy offihelidpoiteh of theabtie@tbRiire Uses a 1
ml thi nickel foil that is electroplate LLh ld. Oher less preferred
Foi 151 01 ude coBligie bhasis Tt DiAeRn =4 S ardah Sioedaliiemsbiraiiin and
brass. A seaoptdntomef erred enbodi nent for the thermal interface conprises a
conformal cushion.forped by a | aw nelti int nmetal that. nmelt t the
operating tenper E{gﬂfeeggsf at(%(gs'évg?'@ﬂ;%”eé”s H‘?‘f‘{éﬁsaf‘raa\'teg'ag\’enerﬁl?oéiﬂ?eé’t f? a%““é'ﬁlown

t he i nt er f aseketaopstiusied inacdoddhyice3bittod filspambpdinienngf tEkOprgsentribvendmal , cont ai ned
inanetal foil skin 37. Skin 37 preferabl onprises 1 ml nickel foil. If
desirod, the. ski RS SRR OB 45 oL Mg {PERE MRS A B SRR at e
copper, 186r tedisiaksypspestvedy; ale pl ated with platinum gold or palladium It
is preferred to plate, the foi]. with a tal that does not. | eaye a residue
or Lont an nat et RV ABe ety S ibensics Gt < <Pvins BREPRr PR eh oo
t o t he cont aadkets aid radepld Beavsinkseat spreader 30 by a sol der bead 39, or 25

cl anped on and sealed with a i table.gaske! terial . (not .shown) ., .

Toget her, the sk?tnw'gg’eauﬂ rss%?‘gtg?t tﬁ%gecf"%é{% Scélﬁ’ewe&&zli@i?g& @ obﬁtozgferﬁéefi Y
when it nel bgentafloe. Tlow riativé tegnpaichtas rigipat,” (IbWEN) "abares' dnd "aelyw's wiférabltee
LMPM Slj&h %grio%g g rrl§n091en S ifr{h { irr}e n 15;% AS (Jfl\évpl\{alln% a?r esedsf())m“?fui tra lsn gledfcﬁsrc[lses% to as
fusi bl e™al | oys. ?ﬁé& Fhet ude™ s oy% OB AUt oWt h P Ead) 215 W eqdm um
gallium andlor indium LMPMs can be designed to have nelting points

wi thin desired tenperature 30 ranges by varying the proportions of these

el ements. According to the present invention, the LMPMthat forms the
thermal interface with heat spreader 30 nelts between 29C and 65C. Because
the nelting point of the solder bead 39 that contains the LMPM nust be

hi gher than the nelting point of the LiVIPM it is preferable to attach
skin 37 to bead 39 before the LMPM s 4 April 2002 is enplaced if the

sol der approach is used. Once the perineter of skin 37 is conpletely seal ed
to contact surface 33, the desired volune of LMPM can be nelted and poured
or inj ected under the skin. This is preferably acconplished via an access
passage through heat sink, (not shown). After the desired volune of LMPMis
in place behind skin 37, access S passage is preferably seal ed by any

sui tabl e neans, such as solder, that is capable of remining seal ed at
operating tenperatures. Still another enbodi nent of the thermal interface
can be constructed wi thout using a conformal nenber at the interface. In
this enbodi nrent (not shown), the |lower surface of heat spreader 30 is
preferably covered directly with a netal foil as described above. This 10
enbodi ment relies on the slight conformability of the heat , sink materi al
and foil and the relatively good heat transfer that is nmade possible by the
elimnation of a conformal nenber to ensure that sufficient heat is
transferred fromthe DUT. ~'" hermal Conpensation System The present burn-in
systemis adapted to burn in DUTs having a variety of capacities. 15 It is
al so known that, even within DUTs havingsfhe sane specifications, a range
of actual operational properties wll be encountered. At the sane tine, the
thermal tolerance of DUTs is relatively snmall and it is preferred that
burn-in be carried out within a narrow tenperature range. For exanple, chip
manuf acturers may specify that burn-in or testing be perfornmed in the
tenperature range of from60C to 125C. As long as the cooling tystem

o .



20 cooling capacity for each socket, unequal heating anong individual DUTs
w,Il result in uneven tenperatures anong the DUTs. Because the range of
operational tenperatures of a given set of DUTs is likely to exceed the
specified barn-in tenperature range, it is necessary to includg A%SEEM
for equalizing the tenperatures across a set of DUTs. In the pre ent
system this is acconplished by providing excess cooling capacity and 25

si mul t aneo Y

speci fi cal WP%P%%@LO @géé@és éejl%t%gggdggr %g‘égrhgv%elsgé{[ pSIYR b%dnelrﬂgt ed
SO0 as to r efithednwpfionxi mately. 10 percent nore heat from each socket than is

generated by the hot j ELg 4 h heat

spreader 30 preferaéﬁfh@ﬂyﬁwmgmgww &MW

t enperat ure sengefernfRA¢ e 1 hendeatredt thd yredtfinvEritidh, conPakesialtanegnéract
surface 33, 30 Thernocoup Ie 2 is preferabl y renovabl e and repl aceabl e, and

i s connéct dast seskey1q st @%ﬁsgheapf%ﬂre@e%@reﬁg) bisgtivesnetrecifically, dhgopysyens purn-in
t her mocouplg 9st$xﬁ@91§gés%s ama{e BUﬁhﬁl%‘L%oE@e@bR% 1@%%%5@%5015 be recmahfs

such as are own in art her nocoupl e is preferably held in
pl ace by a uswmtinsonjauctivRawitioa Sodtefﬁlpr 20, hegad 24, rsrdumq Id#es 24, springs %@@ﬂé@@tnce

heater or %ﬁljggcgarrfiﬁp?n # lﬁu& ta%H‘i‘éhtO' is sl?clvﬁl ebgi%&’ﬂesg?l&e@ 108 s %1% gﬂg&ﬁmg S 1y

Heater 44 e any s as | capa

rapi d r esp@erssurt phites 2demilesprivgh 26smpy bé emutﬂdylfpbssdckeirmd liﬁedre nchsirnetedrswbupl e
42 Wi ta res ct t 0 _cont act, surf&ge 3@.@& tgat t her nrocoupl e 42 senses the

t enper dPur ls“fg““ﬁBW{?ssWﬁ?/alﬂ’elﬁ e PRTE ™t he DUT. Heater 44 is

al so prefembka renovabl e and repl aceabl e and is connected to a power
source by heater | eads a eater 44 |s ref

contrel | ed by tRecks ‘I‘?&Ilgrﬁ %&%E@FMSWHQFB%B?@WW %G’t‘%h%/ of

t her mocouplags Bdwn/th the a%%a hat b phﬁamr/ets&ﬂdeeuﬁgmcueaa feall€ 24 emb&me@meea@abl e
of generating at |east nore preferabl | east 50 and nost, preferably

at |east 5Faghlepd l‘bPrelfi@dﬂY tqr@inatss ioan F%CtBF@P@W&‘BI 19, which may cpmprees gypuLacee
10 scr QW 44amBeadn ds@bldér %@w&&ae Alr saiTh@Ad]hs &FEWEY ot saaceaeayetm Eesisna 5.

an alternatlve enbodi nent of the socket conprises a base portion 12 and
a system f@rememblengohe@putqu@mmmwththglqurswéqserofw%se portion 12

i ncl udes a conp gg%c lL,udes
alid 220, a1l quﬁlee?%a Inte acehéggd,t Oﬁp'%F Jgga?&ér nw&gtﬁilggﬁﬁ%@g& to
socket 10, bivele tip, 17 that sewboth geide tlmd)lﬂjﬂestoapqsmnl oregodkgt hasgnt2ed Lig df7

T om i nt er PRtTiOFrhSRFELc R BliB 16 AR ERIIE THR LA RIS,

anal og@0s tquatdbadngles ardatbat ialstiglely greatenithan ghd h@t wansferuarez ob dubi Pt sFor

| abl e for th f t
200 prof or SRR serh ik o s o GreialhlEh 13 G 666607 620 0fEint G S5 "
nmount ed hedtie lepgte aflenie 13O oftha PUT.oCoinpression stisp 26Gs pﬂam:abﬂy efﬂxbgr tonthy rsma?o:beheat

d 230 i f bl ted,in Lid 22 ff t
cFearance. af staet bifa 120uRas BiE i Aoty 3 T L1 SHE Sre gLy, et SEBt gV oy
{esr I It ent It ¥urfees 18 Q?hnhﬁﬁﬂ Sobmpded'noxtzaep 16 deférhbly I&oﬁpgidts ﬂ'r%ldilﬂl'oﬁ?ﬁh@fzbss@lﬂg/ or

O retract so a I exa | e preferre 0 beve e SI des
of resf wﬁﬁ%%ﬂ% FeSH W HF r°°§y °§§p% rimetes ©f soqket P?ed?eiérafled
that the chl@éﬁamen%m&wfwra@ionts%pald W@%&l&#‘ Pithéd foRUNe 44mB $Adce as

spreader 230 to accommodate the full range of present ations that are

likely to b@eéﬁcgemt@qre@spmmm I@f%mmeme ofﬁemeyaﬂhdd@ soeket 40 ed t hat
resiliently no “rlﬁ@lr

deglr eles ané capa éle(ghof retfr%g@??ggﬁsa%ﬁpeast &%ﬂggg@qjﬁgﬁ é}eg% 3%%%% 22,

pr ef er abl ysprings 36 ahd ptesSde-plates 28. |Tﬂnc$ee®m®naﬂs Ay internosn8d and mavs together as

resili tI n t

dir ect?dg)n 0 JT&;& tu%ﬂﬁeﬁx%@%en?%;ﬁ?tgg%ds%%g t%ﬁ@h ﬁ’#&gg&a ﬁ%gégéﬁ&%%%%gr EI ess
of the heihigh ter’hpérhtard)b[ﬁstlmot othes @ivhibir mdtrisl, Socksi lid 20eRNG1apd t6 HRavEn A
coil spring, beIlevrIIe rai ht s | ura or .cqonhi nati on
of the for &Wrﬁﬁlmé °palr455/m ?Udfsﬂg tfﬂgﬂmﬂzﬁ? Hﬁi"%/sﬂfﬁa@erf?‘ as a
appl yi ng aceﬁeﬁgbﬂroh 139 hbeiag | cb@rhmaﬁa&eﬂttosm& idafiad @leartqm b2 861hd 1 defii®kINt €d
heat spreader In order to nost effectively control the tenperature of
the DUT, each interface between the DUT and the heat sink nmust be as

thermal | y conductive as possible. As 5 described in detail above, the
thermal interface 222 may be a resilient, thermally conductive




material, a body of |low nelting point netal contained under a confornal
skin, or any other suitable thermally conductive conponents. Simlarly, in
order to avoid the low thermal conductivity normally associated with

bi asi ng means and/ or conpressible nenbers) in one preferred enpggiimmos .

bi asing means 10 232 is contained in an envel ope 260 of |ow melting point
metal (Figure S). The low nelting point rretal is itself contained in

envel ope 2 Raf I10d

t enper at ur 2&@? wwalﬁ';b'&{@kgg? n, a?r%/lg%& 21@9&%% fncir‘rll_dg% %ﬂgﬂr#e %th{elrggérsr ve
enbodi nent affbnedmthgupparsarfmbfe@hetﬂeim [ m nat ed fromthe interface between

resiliently nou r ead 30 a d hea 250...1n this

enbodi nment , the@ﬁ@@f@@é hﬁ%épfff‘&{é% eissanplpé (géF ﬁé(?‘ﬂdqflr} |tg‘at supports at

c ?mﬂrjrm Cﬁt Irlr%m ot ﬂkava%wad-leﬂﬁhrﬁng/ epritipe ZBlb m&ofdilagd TR 6ne ﬁl@ferr]&bcémh bodinl&, sightune
of the chanber is [ y.a i ased, pi ston such that as essure
on the es.smrr&%t%arﬁeaﬂregdo rf»éa\rﬁ@rpi‘g%ee& tige5ides, 08 BEMEROTION die. Ahlsmeicone
envel ope 2@%s&rﬁe—%ﬁiﬂﬁﬁﬁ%de\fléélbﬁhfak PWSsurdpRtel D, lyafﬂxe@ lt@th\é%ﬂé@te&ﬁﬁ@?@a{chand
causes the piston to retract. Conversely, as resiliently nounte

spreader Z3pringofe Prestug platesAdiranbe eqpatatesnn onhanofier goshewm, preands formed aspe
260 tan0f |
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pi st on. | n26iand presnus plates 24 if pmwniecbfomthajmupesemf gmblymgraemnmlrdasyxvedmddm thee
interf e resilign d . d, heat., si pk 250
whi | e gﬁl om or%stlolefslen ﬁ‘a% %ﬁvﬁ)&”?egﬁ}ﬁ p%géyggagggin%w%wgengt@ggmg& @n Pﬁﬁsge
vari ati.ons onrthct DT and l@tkr 4 o theasodkqr %@Bﬂayldmmmbﬂ sPbteib/Dtherithati the
Vapor. Cool i ng System Re err| nowt res A-B, heat.i s, condugct way
Fr om DUT. by SRS et SpYe pisch b F onlK i costbimsive ofaadas D50)
which is i 8ofndlof tﬁ@elaﬂema&veh@@renﬁla%dééanbﬁaﬁhddmmn SdrfioRly) AR Sapplication
plurality of sockets Ereferre enbodi nent, heat sink 50 includes a 30

| i qui d- vap8erigliNg, PGJ&SWW 2 tiled concryrently Getgwith and entitled durngln Boqrd S ables or
a cool 59 Bfﬁ’i ’Pow%l“@?ssﬁﬁtzp'wwlﬁ@ltls hicHipBFa@Edt Ii’er@ﬁtb?rreé}eh%“ d and vapor). The

wat er circtul ates throu a closed op (not shown) that includes duct 52, a

reservoir, a heHgarspreg ETO%Q rl%PIeéqfatleGo e 0 any| sutalle cigid, Hughlprethermaliyt h
el ect i cal oGORLAR! maRHiEcOne Fﬁ%&eﬂ%ﬁteﬁﬁ R es;;per Sand 308 PréréraBRcoppeARics 2!

t hermal contact sinultaneous 302 nereiorore, uqur a- vapor
coot ng syswithpmethermetak nuohsaealckdr Sprags Q)leeﬁ’filhi)' genyeational small cail PRNgHwer
transmtte i d i DG S
vl ved | oD b A aBly ARG ieal kit b, 2 Mt diy i

No. 3, 286, mnabﬂ:amaabp prhiided with 4 very spooth serfadecans is preferably pehshedeta;nless
However, i S t I ons
associ at ed t\ﬁf slgijsrﬁ)rgfeén e\(t-;lragtehse ok Je%a%ﬂefvﬂ{%bssq?ga%& n%d\j\lnﬂrg ooﬁ%%%gd E@q%qge?gg
unsui t abl enﬁcrbmchnsl ing integrated circuit chips as in the present

applicati oR. ; ﬁ"‘Fgﬁ |t has al ways been necessary to provide a separate
controller 8?'"%] (oa i Et so as to ensure that the cooling of one group
of devi ces woul Acmdm@ftbemé ptdamtcméuubg, ‘thie_intepfabe betgrean tho DWEVOCasR] heatt he

system, Accord ent invention, i ficanf cost a

savi ng® ar @fF‘E’IﬁT 89 E%SSQ%FWWEW“‘ﬁ&Q?t %}ﬁ%‘?ﬂ ggg}t%z& ﬁ%ﬂt in
groups of gireddeASin bider & abchmplishrmblidush hdah Ramipet, el iftetfack mastedabmﬁﬁoaatst em
of up to 72 sockets to operate with a single reservor .. heater and

cont r ol | er thepspysn, gppgr ﬁmcp@ they DU, 7 Overall,\he| thermal, iterface duist bg ponfosmal,
ket and |
socket andyeady ﬁ?ﬁ“ﬂ?ft&“@%@ Jgﬁégabﬂerlgsprene%ac&ﬁmcﬁ as 1AUER SmivbdidlicBstdt

singl e burn I'n érred enbodi nent, LV ducts 52
are groupemdamdmlfmtmﬁng denplexifge st alsw be ivansidéred: dhis teebe paderstodd dhat he

si ngl ys I

ar ouped &R adi Rl Rlo s Hosfy Tty R bk iyanetivd of ohd Pkl SBHaE
or can be mannmdw'smoh;edlges)ups containing | ess than all of the ducts.

Al t hough the prgsent

cool ing syst em rdipg gﬁs Eﬁteptﬁdesgs‘frg’(?gmlfﬁﬁt e&% efcﬁgor&d? {hg"ﬁf can

be used W duface (dkcarivn) R dehRMpbARNSIDRE }@fat def 89¢e nHebtniéﬁﬂmoﬁrefdfwly
exanple, air, chilled water (such as ip an or other cooling fluids

can be pl so@Prises §matezial b%vmawmeééherrrﬁbrqmpct% t BBacayserthe Heper sypfpceeRidhe 30,
so as to carry away the desired anount of heat. Operation 25 Wen it is
desired to performa burn-in operation, a DUT 40 is placed on socket base
12 within the area bounded by |ip 17 so that the electrical contacts on the
DUT align with the appropriate contacts 15 on socket base 12. The heat
spreader 30 and the conponents affixed thereto are then | owered onto the
base unti | I|d 20 cones to rest on corrpressron stop 16 Ref errr ng now to
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and heat spreader 30, but is not conpressed to the [imt of its
conpressibility. Likew se, 5 springs 26 are not conpressed to the limt of
their conpressibility and thus serve to transmt a |limted conpression
force fromheat spreader 30 to the DUT via pressure plates 24. J—kénc.gzo hhe
application of force to the DUT is controlled within a desired r 9

any excess force Is transmtted directly to the socket base via conpression

top, 16. t th d t 22 f d th |
contact beDbTcH TR Bvanime S BiRen dor P BaihealpHiidtss b fre 50
and heat sigiforafal lof r8ifi@R! | A Pr¥ferr€iromBdd) lof thatbri@s BRARbe ([dBRritRd 18 tRrmiRY €)

generated in the DUT during burn-in, Like the applied force, the
t enper at ur eongpetig@RbmIsTici comppeits matpraly JAre prefeargd wateriphhat rpfreéaj@mrqwms

speci fied {Lg&%ﬁ ritidb 6k dbd Silidbhd elhdtoRRSoRE i tf8SraabA g&%ﬁ@)ﬂg 20b6®, %&" the
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control |oop can be acconplished by any suitable controller, i ncluding a
mi cr ophbc ehepbpad Znbpingaprroimaily 4Ry Wil t abl e control al gori thm such as are

known in the arg ccaﬁgegffm gre%erﬂéh%a&he SR tﬁé chB@EBhe B sl ishirg@tdrans mang

operational details e enbodi nent of a burn-in sys I n accordance
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S

to each devpiem, agilly \ﬁlgweanAﬁamths@ta@&Pe%p@ﬁ%sbg%x 3hef low melting;
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the LW 5 Preferréd systemdensity at 75 evi ce is 480 devices

for an LCUf desired, the Slswmﬁtﬂl ednccompeise g diffsomt mmi,r such as geld-platedhcopperygr can
then d o d.
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correspondlng | eads on
ranges by varying the proportions of these elements. According to the present invention, the

ILMPM that forms the thermal interface with heat spreader 30 meits between 29°C and 65°C.
Because the melting point of the solder bead 39 that contains the LMPM must be higher than
the meiting point of the LMPM, it is preferable to attach skin 37 to bead 39 before the LMPM




the DUT, a socket lid; a thermally conductive heat spreader resiliently
mounted within said socket |id, said heat spreader including a first

thermal interface in rel easable mechanical and 10 thermal contact with the
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and defining a second thernmal interface wth said heat spreader
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uneven temperatures among the DUTs. Because the range of operational temperatures of a

given set of DUTs is likely to exceed the specified bum-in temperature range, it is necessary

to include a system for equalizing the temperatures across a set of DUTs.
In the present system, this is accomplished by providing excess cooling capacity and
25  simultaneously supplying make-up heat to individual DUTs. More specifically, the cooling
system, described below is designed and operated so as to remove approximately. 10 percent
more heat from each socket than is generated by the hottest DUT. Referring now to Figures 3
and 4, each heat spreader 30 preferably includes a thermocouple 42 or other suitable
temperature sensor embedded in the body of the heat sink, near its contact surface 33.
30  Thermocouple 42 is preferably removable and replaceable and is connected to suitable signal
processing equipment (not shown) by thermocouple leads 43. Thermocouple 42 can be any
suitable thermocouple, such as are well known in the art. Thermocouple 42 is preferably held

in place by a set screw 42a.
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full range of DUT presentations that are likely to be encountered in normal operations.

Hence, it is preferred that resiliently mounted heat spreader 230 be capable of tilting up to 2
degrees and capable of retracting at least 0.0025 inches and more preferably up to about

30 0.005 inches.
Biasing means 232 serves to bias resiliently mounted heat spreader 230 away from
heat sink 250 and in the direction of the DUT, so that good contact is made with each DUT
regardless of the height of the DUT in the socket. Thus, biasing means 232 can be a coil

. spring, belleville washer, straight spring, a plurality or combination of the foregoing, or any
10
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described in detail above the thermal interface 222 may be a resilient, thermally conductive

material, a body of low melting point metal contained under a conformal skin, or any other
suitable thermally conductive components.
Similarly, in order to avoid the low thermal conductivity normally associated with
biasing means and/or compressible members, in one preferred embodiment, biasing means
10 232 is contained in an envelope 260 of low melting point metal (Figure 5). The low melting
point metal is itself contained in envelope 260 by any suitable means, including but not
limited to high temperature seals, a foil skin, and/or capillary action. In an alternative
embodiment, biasing means 232 can be eliminated from the interface between resiliently
mounted heat spreader 230 and heat sink 250. In this embodiment, the envelope 260 of
15 LMPM is preferably in fluid communication with a variable volume fluid chamber (not
shown). The volume of the chamber is defined by a spring-biased piston such that as
pressure on the resiliently mounted heat spreader 230 causes the volume inside envelope 260
to decrease, fluid flows into the variable volume chamber and causes the piston to retract.
Conversely, as resiliently mounted heat spreader 230 moves away from heat sink 250, the
20 volume inside envelope 260 increases and fluid flows out of the variable volume chamber.
Pressure inside the chamber is maintained relatively constant by movement of the piston. In
either case, the fluid provides a highly thermally conductive interface between resiliently
mounted heat spreader 230 and heat sink 250 while allowing resiliently mounted heat
spreader 230 to accommodate large variations in the configuration and presentation of the
25 DUT.
Liquid Vapor Cooling System
Referring now to Figures 6A-B, heat is conducted away from DUT by heat spreader
30, (or resiliently mounted heat spreader 230) which is in turn cooled by heat sink 50, Each
heat sink 50 cools a plurality of sockets. In a preferred embodiment, heat sink 50 includes a
30 liquid-vapor (LV) duct 52 therethrough, LV duct 52 serves as a conduit for a cooling
medium, such as but not limited to water (liquid and vapor). The water circulates through a
closed loop (not shown) that includes duct 52, a reservoir, a heater, a controller and a
mechanical device that makes both electrical contact between electrical connectors 53 and 54

and mechanical thermal contact simultaneously.
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systems unsuitable for cooling integrated circuit chips as in the present application.
Heretofore, it has always been necessary to provide a separate controller for each duct
52, so as to ensure that the cooling of one group of devices would not affect the cooling of
another group of devices in the system. According the present invention, significant cost and
10  space savings are realized by providing ducts 52 that are manifolded together in groups of at
least two and preferably 4, thereby allowing an entire system of up to 72 sockets to operate
with a single reservoit, heater and controller.
Referring now to Figure 7, it will be understood that the socket and heat sink
combination can be repeated several times within a single bum-in system 100. According a
15  preferred embodiment, LV ducts 52 are grouped and manifolded together so that they can be
operated on a single system and controlled by a single controller. LV ducts 52 can be
grouped éo that all ducts from burn-in system 100 are controlled together, or can be grouped
in subgroups containing less than all of the ducts.
Although the present system is described in terms of the preferred LV cooling system,
20 it will be understood that any other cooling system can be used without departing from the
scope of the present invention. For example, air, chilled water (such as in an LCU), or other
cooling fluids can be placed in direct or indirect thermal contact with heat spreader 30, so as
to carry away the desired amount of heat.
Operation
25 When it is desired to perform a burn-in operation, a DUT 40 is placed on socket base
12 within the area bounded by lip 17 so that the electrical contacts on the DUT align with the
appropriate contacts 15 on socket base 12. The heat spreader 30 and the components affixed
thereto are then lowered onto the base until lid 20 comes to rest on compression stop 16.
Referring now to Figures 1 and 6A-B, a heat sink 50 is sandwiched between one or more
30 i)airs of opposed sockets 10 and the force F applied on the opposed sockets serves as the
compression force on the components, including the DUT, within each socket. After each
burn-in operation, the opposed sockets are withdrawn from contact with heat sink 50,

allowing each socket to be opened and the DUT to be removed.

12
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10 30, allowing heat spreader 30 and heat sink 50 to effectively remove all of the heat (30 watts
or more) generated in the DUT during burn-in.

Like the applied force, the temperature of each DUT is precisely controlled within a
predetermined, specified range during the burn-in operation. As stated above, this is
accomplished by providing excess cooling capacity and then providing make-up heait as

15 needed to individual DUTs. The LV system is set to remove from each socket more heat than
the maximum amount of heat generated by any one of the DUTs. As each DUT is cooled,
thermocouple 42 senses its temperature. If the temperature of a given DUT drops below the
specified bumn-in temperature range, the signal processor will cause heater 44 to provide a
compensating amount of heat so as to maintain the temperature of the DUT within the desired

20 range. It will be understood that this control loop can be accomplished by any suitable
controller, including a microprocessor, and may include any suitable control algorithm, such
as are known in the art.

Example 1
Thermal Specs

25 Thermal specifications and operational details of one embodiment of a burn-in system
60 in accordance with the present invention are as follows: '

- Power handling: Each LVU can handle 2,500 watts of device dissipation. The
standard test system with 8 LVU's can dissipate 20,000 watts. Bach LCU can handle

5000 watts of device dissipation The standard LCU test system with 8 LCU’s can

30 dissipate 40,000 watts.

- In its highest power handling configuration with 4 DUTs per performance board, each

DUT can dissipate up to 100 watts average power. Maximum device density per test

system is 576 devices (12 devices per performance board, 6 performance boards per

LVU, and 8 LVU's per test system, for a total of 48 boards containing 576 DUTs per

13
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1. A socket for testing an integrated circuit, comprising:

a socket base capable of supporting a DUT carrying the integrated circuit, said
5 socket base including electrical leads configured to connect to corresponding leads on
the DUT;
a socket lid;
a thermally conductive heat spreader resiliently mounted within said socket lid,
said heat spreader including a first thermal interface in releasable mechanical and

10 thermal contact with the DUT in the socket; and

a heat sink in thermal contact with a cooling medium and defining a second
thermal interface with said heat spreader, wherein said second thermal interface
includes an amount of a low melting point metal.

2. A socket for testing an integrated circuit, comprising:

15 a socket base capable of supporting a DUT carrying the integrated circuit, said
socket base including electrical leads configured to connect to corresponding leads on
the DUT;

a socket lid;

a thermal conductive heat spreader resiliently mounted within said socket lid,

20 said heat spreader including a first thermal interface in releasable mechanical and
thermal contact with the DUT in the socket; and

a heat sink in thermal contact with a cooling medium and defining a second
thermal interface with said heat spreader, wherein said second thermal interface

includes an amount of a low melting point metal contained in a foil skin that is affixed

25 to said heat sink.
3. The burn-in system of claim 2 wherein said foil skin is soldered to said heat sink.
4, The burn-in system of claim 1 or 2, further including a heater and a thermocouple

adjacent to said first thermal interface, said heater being controlled in response to output from
said thermocouple.
30 5. A system for testing multiple integrated circuits, comprising:
a plurality of sockets, each socket adapted to receive and support a DUT
carrying an integrated circuit;
a cooling system; and
a plurality of thermally conductive members, each thermally conductive

35 member in thermal contact with a first interface positioned to conduct heat from each
15
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a cooling system; and

a plurality of thermally conductive members, each thermaily conductive
member in thermal contact with a first interface positioned to conduct heat from each
DUT to a heat spreader and a second interface in thermal contact with said cooling
system,

wherein said thermally conductive members are moveably mounted in the system and

15  said second interface includes means for biasing said thermally conductive member toward the

DUT, wherein said second interface includes an amount of a low melting point metal contained

skin.
A system for testing multiple integrated circuits, comprising;

a plurality of sockets, each socket adapted to receive and support a DUT
carrying an integrated circuit;

a cooling system, and

a plurality of thermally conductive members, each thermally conductive
member in thermal contact with a first interface positioned to conduct heat from each
DUT to a heat spreader and a second interface in thermal contact with said cooling
system,

wherein said thermally conductive members are moveably mounted in the system and

said second interface includes means for biasing said thermally conductive member toward the

in a foil
7.
20
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DUT, w
by high
30 8.

herein said second interface includes an amount of a low melting point metal contained
temperature seals.

The burn-in system of claims 5, 6 or 7, further including a heater and a thermocouple

adjacent to said thermal interface, said heater being controlled in response to output from said

thermoc

ouple.
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