;e3e>: ;<. < 6>6l >T>Zc: 4 April 2002 *166166* BURN | N BOARD CAPABLE OF H GH
POVNER DI SSI PATI ON T ent invention relates generally to devices for
burn-in and tejnllmu‘mmuﬁu@mt egrated circuit chips (1C) and notdpril 2002
specifically t for cooling of the IC devices on the burn-in
boards used to ensut®ise*hat new y- manufactured chi ps are suitable for use.

Stil art i ¢UlBURN-INIEBGARD S K BLE O3 I POWERR THSSIPATIORK et  adapt ed
to p ul mm/ed cool ing capacity and to a systemfor cool ing the IC
and ively. BACKGROUND OF THE I NVENTION 10 It is well-known in

the art *660002f ectroni ¢ deviEgECHRICABFIRED GF TAEIRVENTQOX or "burnin, ™"
various el ectroni ¢ sub-conponents before assenbling theminto a |arge

| ger
devi ce. For exanpl®e PESFHo Pt relates, generall¥ fgeffvicss ifeidPyndtiand yestisamdct ed
in a burnsininggfkd@Neifclit chipe (IBY HASHoRTspediGdally Y tédiaiqued tbr @bolinpragsiiced
el ectronic cirguits in each chi pﬁ(gre operational. The burn-in process
accel erat es SiSyODbthe PRHE-1g hpgsds uspditorenrae thet nendy-pagudectyredching afssuftable, for 1 5
identified apd. diilsarkdpiQ@Mrlyy thelpréb iAPIRHERCShrisBTa RERECHTpted Md Providle
desirabl e because it allows the manufacturer to avoi d the expense that

f OWS, . ;
woul d ot her wirgEovsd copliog sapagity and 1 system; farcoglingthe Ky andisgeket effese¥sdh- ve devi ce

contai ning the defective chBaCKHEROUND OPTHRINVENTION conputer chips and
other integrated circuits may be subjected to, various other testin

operati ofs. The t BrifnWwelldgoppgn the afsefyclreifonicndgvice; MAYRTBENE do dFfbofHd4Ss and

include 20 buyirdin" Op®idlictidhic duB-cBmPétientsi aforDBEAABIMR the@R b §Mrger detit£gr at ed
circuit (1C, or other electronic corrprnen ich is hereinafter

ent, ch of wh
Feferred to B CAMPlERORBUEREE e SEmeRy ingiydually conpasier i ¢ urmrip SYSaF Fo
el ectroni c | @a@erposte s@uti@adse allypineAbditd bRéRnichiarchiBlineRh c@p arlopatisial. snal |
sol der buttons Ehat are posi %FI oned,to correspond to el ectronic |eads on the
under 25 sur f 28ebWR-1} pEcestrpccelpfatesaging; of thy duesgangrths allons (dspative dipgdo 98 ¢ hat

an el ect 3 caldemfRAQHY IdRBarisd EKIEn Ahe RAMTaHR M RELROTREs. is BeHidable Yebt@sd U N-1 N
or test oper heat .is generated by the passag@éof current via the

i on i |
| eads thr ougﬁi"t“ﬁefhﬁa?‘?'&f%mlf?rr E?uiaY‘g‘?dhe tepfRenpsUthat HEowd githsruise |bes Wagede by ess
power f ul  andcong@ickifs B UAFerN@b, expéiiva NS cortaiddVBE deREBMMBAG. tAddRgnYr N-i N
of a conput eé chi p was 30.re|l}a§]ti vel.ﬁ snal | ., For tth reasgn, t he ar’rlll)unt of
heat gener at B WaSORRRT EHHBY 21urtheri tegfatef! Cusuits iy Ob & bigered I8 oPEAs Hi%ost
cases. Wth tebthgage@ndnsoTheeme riestif®r & yweddréibllis @RndS, to leh@®mpass aAPlinclud2002
anount o% heFt gg(perat ed during burn-in has multiplied ten-fold, from about
3-10 wat t&, PYHLPEEHWatts or nore. In addition, the increasing cost of
Cﬂi p packagi ng hagq mdmga# eﬂer:liﬂi)lﬂufeﬁdht tHigr ﬁ\teg?teﬂdM&:cﬂﬁe(l(FhQ)rbit'hd?-é]ébtl‘éhiephso
that it is carried out re, rather than after, fjna ackaaqi, 5. This
bl T ov: rmnut BTG OCHORT iRt ST R risie® R aRr U BRI, bt
means that tb@néued forseapsraddctromic naadd. TiheseCladdsit@gdcatly ttak@nthe &rinl 6l dnyarpgcifaged
| Cs, where the.silicon die itself . ma e exposed. Parti.all ackaged | Cs
are | ess robﬂg"t“s%\% rﬁ’ﬁ?@ssthgcaé?)f’?sbtfoé%q go ﬁ‘é{?‘fg@"é‘ﬁﬁﬂﬁﬁcﬁﬂw %aﬁsag'l‘(; XdEi ps.
Thus, th2s busuifaceofaleDET] The AN isqilacsdity) ®E trrdyleé 1blST® thad ae¥le@A il vénnedtionneven
forces. 10 Because tl}]e burn-in nmust be earned out at a controlled

t enper at ur e, “ERYC BFELLEE S ™ hi ps cannot be exposed to tenperat ure
extrenmes, it is i Dpeangthe berntiiat tettloperstiann héat Gappberdtediby the passage of cyrrent via

gener ated dufing .burn-j be.rem.)vefi. LA ogl i ng dqgs ng r Qvi
S0 11 o ent - oBBIy M Eh ST RdO Gy Tiargtt Rut Reebrd ISP e8P AT i ng an
el ectri cal | ycarrespdndinglygthe ladiodnthefpolee tonsumed during burn-in of a computer chip was

30  relatively small. For this reason, the amount of heat generated was such that burn-in devices

could be air-cooled in most cases. With the advent of newer, more powerful chips, the



tried, but has proven nonviable for very high power DUTs. At the sane tine,
burninng-in or 15 testing a partially packaged chip rai ses new

consi derations aver burning-in or testing a fully packaged chip. For

exanpl e, partially packaged chips are not typically adapted tQA(%ﬁ%bi’ dunp
heat at the required rate. It is known that high-power transi st's g€nerate
conpar abl e anounts of heat during burn-in operations. However, the

conf i gur at iamount of het génstatedsdwing boominetnas inmbtépliet! rtem €614, foom 2Boyt kR gats, its

such t hat | AN stens that are designed for transistor burn-in devices
cannot reaéﬁwoﬂgatéﬁé%‘? d to cool 1C devices. In addition, transistors are

typi cal ly seal edn\wddition) tHel irbdasing®Rbstl of Whipdpxkhgiig MAS kR ated SRaduf@burdrh %
handl i ng concerns tglat .arise iu the conaext of bur intg i n_chi_ps do not

arise in tAQVADCE e byisin, step, so\dhat itde camigd OHEDSRRE, 12 Yhplsre foel Packagings | une

of hi ghspovmis dllcaashaufttrd @l sateteichst of ﬁfckhgiﬂ% ald3feciifd SHIP, it nlefels thidahe MUSt
be tested is 25 so many tinmes greater that cost factors that are not as

si gni f i cantbuimmin; gpsration st besarniqd-gvd jon partiall e packagedoisowhernsth pilican die italEn
cont enpl at i 0 j I 1 L [ ns
associ at ed%\?aylt% %Pgs\?lﬁ d?gnrgéﬁs"'ul?ﬂ{p F%E%mggg%*%g“séaag‘é??’%g‘{sg&ﬁ &‘%?ﬁm B%e?tﬁl_nfn
devi ce and fdhopackaged chips.e Zhus, thninfradin epardtinn eavioe subjodt the BXUTst th &ixcessipaor t vy,
probl ens a[ru'hgve ftrromthe fact that the anount of heat generated during
burn-in. o eegt?ﬁﬁs'vari es 30 significantly fromDLTT to DUT. It has been
found that in sBeeaussithe dogein, mishBe edrriethéut ai a bemttollzd nanpdratdrey and bepalxy the

much as two,.0orders,. of magnjtude. This variance make it difficult.to

si mul t aneoG2P, o tlgﬁ °§%884§1 gﬂ'@ﬁag'é% extipmes, 1 6%H‘%at§'§stg§trﬁ% Supieant heat o) v

(E:fﬁl s th he @Hﬁatédldhnl'@mwﬁéih?egfeﬁﬁived_ . a?ﬁwbblﬁtgoﬂoﬁeﬂgzt prbbidecmmf ci?mgiooliﬁget ]
s that geperate ss heat, Gausi,n ei [ tenperatures . el ow t he

foui 1 ed bulRBRR § v BFek e, TRA Bhlinar istneya Ssdeanty iapubsting Foid 128 bo5io 05

syst em t hajridd] BitHak YrovePhénvidbes fokVery hihipoSRABIALS Atthé Sdme i) Mifinifg-iheat
w || under-cqol the DUTs tfégt generate nore heat, caysi ?D%,t heir .,
t enper &2 ur kstnga patigllypaskeged chip -ip o drsting g Al ¢

€
JaiSes A&y PIACTAUONS RYSE B
| S desi r edphdkapédodtiisle Far Sdmply) phrtially P@k‘hgaa dhift ark hof BRRIAIIP aBhpt&d to readily
si mul t aneousl y_renovi ng at_ least 30-100 watts of heat from each of several
chi ps, whi fempdesiabibareyiredy@e erper at ure of each DUT within a narrow

desired range. fyg W&&@higﬁ?@w&f@z{:@fs{oﬁdged&’éiec&nﬁimmmﬁ&nﬁﬁaﬁﬁﬂaﬁdﬁing
mai nt ai ni % the DUTs within the_ prescribed tenperature even though the DUTs

produce anPmAds operafiens: Hawsverpthe paplisusionnfdransistors, and, coyentign 1§9fde

and even tBouglesSORRh Bl SosliY sYRORE Bafard dedigrel!6r Ansitopdubfintlevit@Psannd0 The
preferred device should al so_bée |y 1ncor Eor ated into a system capable

d
of si nul t afeadilis by asm%e@srmbl%slp{ig%r ialnmgmonw jaEse tipically sealed withinn ot

the devi ceghgnicahahl e pgéﬁ&ﬁxagegeg,ag& {85 th@handfihjz 3BARristhiORse 4E R BhieRiof
between DUTs-that are being burned- in sinultaneously. The preferred device
shoul d be bipiagtis chinnde eowawﬁg{@umhmpgnﬂmﬁwtméﬁw AofstoEpaRer o Ehe

bef ore, duf)dlﬁﬁefafmgg%ﬁ&eﬁ a’?t'dfs%ét'} %ﬁr@‘t‘a%?%, the vdi éHffd%%atlé‘sgg‘éieétsﬂist 0

providea urn-lr] vice t IS connercla yyla e_lntermso CO§t,
| abor 2hd soempaptimes great@UkmyRyt RptorsHimt arumnms Gignificantin dbepontext o8 transistor

conpri ses -] j I I y renovi ng at
| east 30- 1‘%6 _‘%&%ﬁﬁ%&ﬁﬁ}%@}%@%@%&%ﬁ@%ﬁ@\?ﬁ%f‘?% conpensati ng
for 20 vari ancelniadditionto the peabdnsoassdviatedowith Plovistingwifficienttcadlingepapadity to a

t enper at ur ch ¢hi i,t hin nayr.ow i [ i di

produci ng Ve ﬁ@-lgr&%geﬂgfprﬂvelﬁ.g arh%a?}grrag@%rnf i nsgir?l’t':g?’gﬁl ?@lﬁ%‘gﬁ?ﬁ@%

i ncor por atpmrdblenisarise fsom therfact dpathe amointif hedt geneeated dyringhum-iger testing varigal e

cormer 3 o/ RERGraRY Som UL T SUHT T oben kst in SR Ainfrey 6 o280 it on
i nventi on gaBRIddSAscABy ARAEPdsUof RlersbSmh@atide g TREWRFaddeRMIANt Hiti@ey Bt ed

circuit, conprising: a socket capable of receiving and supporting a DUT
carrying tSHaultancawsiybura-in pevernl doviees; a5 acoeling sYﬁ‘R!'PgH? Adpqupts W@éﬁe PtI8s for
connectin j gﬁg% LShoPHE i i

cont act w%t%gﬁ%g%%?%%? g{gglﬁﬁén t gﬂkﬁg‘; &]s pr ealt)zlgrrplﬁl%E %eﬁlle%alle&cﬁgﬁ Ec'ztli(:ﬁtgin\'?\/l th
sai d heat the¢infempechtwis ta falbbalovDthe, desinddcbulveint temperstigerange cContiersglyaa condingal
intérface in rel easabl e mechanical and thermal contact with the DUT in the
socket, wherein said thermal interface2is nmechanically adjustable and

i ncludes and outer layer conprising a netal foil; and a heater and a

t hernocoupl e, said heater and said thernocouple being adjacent to 35 said
thermal interface, said heater being controlled in response to output from
said thernocouple. 3 4 April 2002 The present invention includes an
apparatus for dissipating power froman integrated circuit, conprising: a

B o ~ e oy




spreader including a thermal interface in rel easabl e mechani cal and thermal
contact with the DUT in the socket, wherein said thermal interface
conprises an anount of a |ow melting point metal contained in?A&PFibQ025k; n:
and 10 a heater and a thernocouple, said heater and said thernocoupl e being
adjacent to said thermal interface, said heater being controlled in
response to eytdaithaf properadodls D UDE thdPpederatdCieRErtiniognts @f hbe will @aédsticool

i nventi on, rovi ded a ar.atus, for dj ssi atl f om an

I oorared s et R R Pad e BRRN R by BuRed B PRt e L

supporting aifdethp&atireythipg. the |ntegrated circuit, said socket |nclud|ng

el ectrical |eads for connec to corres | eads. on sajd : heat

sink in thermal cofff%ect™ Wit sty chPFW en%ﬁﬁﬂﬂ]&g“ﬁb V%%F@ﬁd@rcékméﬁg}nal

contact Wit hsmilténddesd removtagain tba iohlosewsﬂts [3¢Theat SRinfl edefr f ssmaead@g wiil udi ng

a thermal interface |n reIeasabg Hﬁﬁg?nlcal and thergal cgp ct with the

20 DUT in t h&aUgiNag the feppegatyie ohpag Frithin ja ppppy desired gapgp- fugbermgrea teunt  of

a |ow nelti ngrewmeatdd‘vf&;wdhoalenlseabmﬂlei 6F @afniiding kheanmewgi\m ﬁal ;desEﬂlbdddS kin
and a heater an

has a perineter that is se d said heat sp

t her mocoupl e, enggraairﬁg\gpéboughgl P@ffd pf‘ﬁ’é?"r?d‘t"b‘ﬂtﬁIOEE‘E‘Eﬁ'ﬂb'"%\VdY%@h?‘O'teé{‘aé‘aﬁ"d
ther mal i nt efdRE Bf madnitddddte®én tlﬂeﬂglhg;oﬂlefmmMu@dgehé}atEQSDQl@Sae 3tvantte bF awt from
sai d ther org 25 A refer rI}t%odl nt of th 1present |nven€)

conpri seé grfﬁ?fﬁ"i“?jis d‘F oF° Eﬂoé‘ ﬁlé? f"cf’IiPBer nttfoh Aeliele GEPEPIP cofi ¢ |
conpri si ng: amﬁma:leatnslya@ﬂﬁbﬂsﬁg%ulﬁﬂemmmghmdo@wp@r iet;tlil@: ﬂlaDu{E mrceybeng the
integrated circ sai d socket includi Bga[tel ectrical PﬁglﬁT nectl ng

to corr espondf el of o ag (ot spfancs i, Byt Beperation epee Bt A8 OB o
cool i ng nedi bainedth simiiGatousIpr Brdesfeird dehiRe BRuldcCdbico hahdldugatidgiieatipssi nk

and with said sai d heat spreader jncl udi hermal int rfaeln
rel easabl e mé"ﬂ'ﬁ |4931ag‘3ﬁdhet“h8'rﬂ%ﬁﬁ’e€’6%t Bee /f ?ﬁgft‘ﬁ'é nj BO%eFe "sbscﬁ' ° and a
heat er and a dkdied fiOpRVIAE & bumsih deViGatharris atimsially Viable D GatPbecose iaber z&dj acent
to said therrra interface, said heater being controlled in response to

out put from $&PBl85 { hernocouple. 4 4 April 2002 A preferred embodi nent

of the present invention furtSeMMARFIOBTHEANVENEION us for dissipating
power froman integrated circuit Sin cket l.e of receiving
Bnd Support ing a Gt ALY PR fRmPebspian deeclites seftboCyBoenRET udi ng
el ectrical | eansvifgoit lasrB0eo0 wags Mjmeﬁtdwnesqabmdmgral BHfﬂs, vahile sampenBltihg f&r a
heat sink_.in thernal ui d-v ste

opreader 2P MR hahPsertol Pimed UR A SRR bRty STt B

heat spr eadelwnhnch udtcrvg dézsn*ednearngal mdlﬁlﬁ@‘ Dalde prcniumeg easembloe nive€ b héat.alheand

t hermal cont act

Lner mocoup! e Pl VAR gy SR TSI ROP RGBSR corRet R Ru AR s o
t her mal i nt emfultipde DEHIsdThepreferred déving @oses aahinithim of dasqpens ehet DUBsIbEs f rom
sai d commercially viable in terms of cost, labor and reliability.
25 The present invention comprises an apparatus for dissipating power from an
integrated circuit, comprising:
a socket capable of receiving and supporting a DUT carrying the integrated circuit,
said socket including electrical leads for connecting to corresponding leads on said DUT;
a heat sink in thermal contact with a cooling medium;
30 a heat spreader in thermal contact with said heat sink and with said DUT, said heat
spreader including a thermal interface in releasable mechanical and thermal contact with the
DUT in the socket, wherein said thermal interface is mechanically adjustable and includes
and outer layer comprising a metal foil; and
a heater and a thermocouple, said heater and said thermocouple being adjacent to

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

thermocouple.



t her nrocoupl e. BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects and

advant ages of the invention will becone apparent upon reading the follow ng
detai l ed description and upon reference to the acconpanyi ng df ARFhY2 15
wherein: Figure 1 is a cross-sectional view through a burn-in or test
socket constructed in accordance with a first enbodi nent of the present

invention; FigureTReipessit RREmiodEidciMdedVar0fappaitatd F&T Bidipaiifig eppeeli fidtanof t he
thermal interface of the present invention; 20 Figure 3Ais a perspective
expl oded vi el fdre W SPTPE® al portion of the socket of Figure |; 4a 4

April 2002 Fi gur ea38keScapabhesfSPREAMMAd 8XIHoRAEE MUE WarBfingde HidePitdRdilcie
enbodi nent of .the heai{_I r_eml)vaj gorti on of the socket of Figure 1; Figure 4
is a side vi & togketinclidigsleciriqaldeads for gonnestigg fo.comresnonding legdsi ansaid B T:
conponent s i n phaahedikink intheaPentalbrwathad @ofismedi@is Of burn-in boards
seated and unseat e?‘ on corr_esgondl ng heat sinks, .respectively; and Figure 6
is a perspective fReHEPEIdsHindrermal coptart wath saud heatsinkand withspid R Taspidihstte

groups of sogkeddsr iactddinglh ibeidha® ink@fte MirflkSabld edMahicalRAd thedwil SéRdwithade t he
devi ce described in degal | bel ow can be operated . in any 10 qrientation.

Thus, rel ati VE'R Brthe seethwhgein g dhermal ipigifase comprigss g amoury of adey ggltingef er

to the vari oysinCREMIADARIE ffa binskid;ANENt i on as drawn and are used for
illustration and di scussion purposes only. Such terns are naot intended to

requi re these rel A&FFHAEFsthermosgiples sayh bafrs apd gaid theamqeqynls, peing adipgentale ED

DESCRI PTI ON 6¥id TehemmREdrdzREE DaldViReddr | deidgNIsntrblledRaf @6spbrizg 0Ot fringUhid 1,
one feature of the present invention conprises a burn-in or test socket 10

that meets tHE™98MEenenti oned objectives. Specifically, the present

burn-in system compedraiag tethe Qedset idveRdidn) @lettdis Hgovided Q6 keBparRas for Hsipiithga
conpr essi on sto% 16) which is used in conjunction with a socket Iid 20,
heat pad 22, PpY é?ﬂ]@“ﬁ?%’f’@gc%ﬁ,‘t’%"mﬁ‘ﬂﬂ% 26 and heat spreader 30. In Figure

1, a DUT140 is shawbckeeapiblest rbdeiviCdndisufdrtinga INOTRarB/ipOdE Rdpkafed dluit,
pressure plat ea 24 anc? Spri ngs 36. may be omtted, if the socket and lid
are const r uctatsekeineyding elsgfficpldradn for pprwedting & sacrespopdingtsadsonispid I by

ot her nmeans. Socke@thespoiak @t thétmaEcohtdct with @bRigdhédiurg;onst ructed of a suitable
non- conducti ng mat?‘rial such as alre kno in the_‘ﬁ(rt) and has a pl j'rality
of conducting el e@t'F3SBEaqeR RRerpAl coRiel i saidfisplaink andgvita said I paid peat
preferably tepreadenincigdinga tiernll @tdrfac€mlreleatlamechhhical\hd GldrniER Yor@RWith 8RS a

surface 20  DUT in the socket, wherein said thermal interface comprises an amount of a low melting
point metal contained in a foil skin, wherein said foil skin has a perimeter that is sealed to
said heat spreader; and
a heater and thermocouple, said heater and said thermocouple being adjacent to said
thermal interface, said heater being controlled in response to output from said thermocouple.
25 A preferred embodiment of the present invention comprises an apparatus for
dissipating power from an integrated circuit, comprising:
a socket capable of receiving and supporting a DUT carrying the integrated circuit,
said socket including electrical leads for connecting to corresponding leads on said DUT;
a heat sink in thermal contact with a cooling medium;
30 a heat spreader in thermal contact with said heat sink and with said DUT, said heat
spreader including a thermal interface in releasable mechanical and thermal contact with the
DUT in the socket; and
a heater and a thermocouple, said heater and said thermocouple being adjacent to
said thermal interface, said heater being controlled in response to output from said

35  thermocouple.



feature such as a solder bunp on the upper surface 13 (as drawn) of socket
base 12. Leads 14 are noveable into and out of engagenent with the | ower
surface of DUT 40. It is preferred but not necessary that thet&ppk3003yrface
13 of socket base 12 include a beveled lip 17 that serves to gui de the DUT
into position on socket base 12. Lip 17 30 preferably defines an area

correspondi ng to Ahgeféresdteibodiinenf of dhePebsent iiNehitidd Rthdr Sotpride€a dppardtus fhdar e
havi ng an ar%%{that is slightly grgaten t han, t he heat transfer area of the

DUT. For exafipliRAtingpyer fiogendptegrpfed speil BIUKENE by 1ip 17 may be 0.005 to

0. 010 inches | onggsockétaapdbltcorlr&RBidY Al s@pperimb dDWWF cdryglthd ihtegfaiaRiesigi On ~
stop 16 preferabl%%extends farther above surface 13 than |ip

17.
Conpr essi on ¥ibi9ckes sludmg elepirigal desdior eanaecting fqgoresprpdirgspdsoasdd BUd 5 4

April 2002 materi gheat QR inGhkrREl RRta@SyithQ lﬁ@fd@-ﬁﬁo&%olﬁ%’s&ﬁ&&ond to the
perimeter of socket{ base 12. In an alternatjve enbodi nent, ression stop

nat | 2nt, . CO _
16 is integral |y tBaeRIeaPLihtheTmaleanactpyitcaiddeatsinkand withpaiddlfle said heate 12
and stop 16 §féadAaR@udidd 4 thermal Merfakédn Rébdsatld le@EnisAak®therh cobRe Ri@E part
of socket 10 is fornmed by socket |id 20, heat spreader 30, heat pad 22, 5
springs 26 ahlTgpBeserket pidites 24. These conponents are interconnected and

nove toget her intghadist 208t tRSrmBEUIPBE RN heatth bid §AiE theMEIeBiiplaBeing Mfacthdlro
Socket |id 20(£s preferably nade of high tenperature plastic or other

. L g : 3
sinmilar Hatefd |thensﬂcwée{gf$ cpatsiphqater heingr eantrolled, i response dAUENE ifin §818p 16
and i ncl udesthgrmidev@ile.sur face 27 for that purpose. Heat spreader 30 has a
center portion 32 having a_contact surface ich is affixed heat pad

33 wh
22 so as to define a 10 hpa‘ﬁ?@DFﬁg%ﬂ@an%&%wﬁf%rface. Heat

spreader 30 furt hethel bR @vidtRg6f B invektidaNvilaRESNOAppaeRNIpSS $a@ing St OP
16. Addltlonalé¥" heat, spreader, 30 i ncludes _ an internedi ate shoul der 34

t hat support dedellpwing detailed desgrintiongandx RORdIEFREEIEH IS Al asgmpaty g Grvet o one
pref erregs enppgteinent, ei ght springs 26 are affixed to shoul der 34 along two
sides of center portion 32. At | east one 15 pressure-distributing device,
such as pressure E&ga&eels'S?4er°%s-sse%1°m'xv¢é<av fhgoighe s 91 st shckebronsaEtFdsipr i ng
26. Pressur eab@b@s wih adiél ePBo&EMPR AT pfdsemimBRioanot her as shown, or can be

fornmed as a single piece (not .shown) having any desired configuyration. The
system conpri si ngsgﬁrﬁﬁﬂ@g E'B'aréﬁ‘g“m”é’&'&g‘é“?ﬂ%é‘f gibogliment obihg Jhegrat] eEHace e

pur pose of apphypegneineanpa;essi ve force to the DLTT so as to ensure that
good electrical cgntact is maintained between the electrical contacts 20 on
The DLTTnd T eadsess iAr1‘StaW8rSB"(SEK“e‘t'X.PE’ﬂe‘€¥£FW€? Q‘GZ'Fatﬁ@B%VéLP%‘P“ %@r@% SFS ot her
than the spromgs and pl ates descri bed above can be used to apply a
conpressive force_to the DUT. Sone of these alternative systens are
described in detal 8P’ commonly owned ' application Serial No. , filed
concurrently herewith and entitled Burn In Board Havi ng Adapt abl e Heat Si nk
Device, which is incorporated herein by reference. 25 Heat spreader 30 is
preferably constructed of any suitable rigid, highly thermally conducting
material. One preferred naterial is copper, and nore preferably copper
plated with another netal, such as nickel. Springs 26 are preferably
conventional small coil springs, but can be any suitably conpressible

bi asi ng neans. Pressure plate 24 can be any rigid material that can be
provided with a very snooth surface, and is preferably polished stainless
30 steel. It is preferred that the surface 33 of heat spreader 30 be
polished to at | east approximately 8 mcroinches. Thermal Interface
According to the present invention, the interface between the DUT 40 and
heat spreader 30 is designed so as to provide nmaxi nrum heat transfer fxom
the DUT to the heat 6 4 April 2002 spreader. In order to acconplish
maxi num heat transfer, the interface nust acconmpdate the uneven upper
surface of the DUT. Overall) the thermal interface nmust be confornal
thermal |y conducting, durable and reusable. In addition, factors such as

| abor, material costs
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and manufacturing conplexity nmust also be considered. It is to be
understood that the 5 systens descri bed below are nerely illustrative and
not exhaustive of the various systens that neet these objectives. According
to a first preferred enbodi ment, a heat pad 22 is affixed to ng LP b
surface (as drawn) of center portion 32 of heat spreader 30. P”dﬁ@ 22
preferably conprises a material having a high thermal conductivity. Mre .

speci fically, it Figne3Bfies pefpddivé BaflodederidWbe bh alterhitv\eybodithelieat the fekt-22
is formed have a therrra} conductjvity of at least 0.2 BTU ft, and nore

pref erabl y Emevahportion of theepaket offiigseilic t he upper surface of the DUT is
likely to have SpRrd4 isa%HeAfii | b fises BLES 6 t g 0
be somewhat conf ofréﬁral g? resi ‘?keaﬁt&?algﬁgptrl%fs grf(;e?l%‘g?g’g%%mg?& %%tgl:‘% f@ﬁg&lct:s;n
be descri beinphantontr nal |y conductive pol yneric conposite materials. One

G171 cone® el ast onbiEvis Ba-HaRE for VERotfick B bhede el Brsbated f kb Bporfi s,

Conpany of héatsinhyoéspsctivibly; aisil L- PAD 2000 is preferably used in the form of

a sheet having a_t hi ckness bet we bout 4 and 20 t housands, of an.inch and
D of er abl'y. about TGRS AReEP S Hpaf Vigb.at ap PBSre it BTl Sheving mufthis Haues
filled silicbsekes arlmikipletebsinkdder the trade nane T-Flex 200 by

Ther magon, Inc.,_ 32 West 25 Street, evel and, OH 44109, The 20,
resilient heat p d"‘ggeiué‘aﬁt@?‘ig‘éfﬂ&‘? dBY‘&‘?/i%T@’Equdngﬁ@’ggdPﬂr‘ﬁP bg,opeyatgd in any
preferreg tbiiciaRns Thes, rélag¥e eAks sich RETPPerdPREW b)Y’ dhd " BelowMdfér-to the

Because it is,preferreci that the surface t hat cont acts_the upper, surface of
the DUT | eaV¥ioNs cpearrats ofthe ipventign a5 drapg qgdawe pscdfor Ylusiraion pgd fiscpgsions o |

coating 23 eéﬁbséeg 8nFASull Rimé B r{oeﬁlkénh%{lo r%%ﬂnt@htﬁés@ FelhthAbhipOih _rafly beBbdipest 22.

Anot her preferred efbodi nent uses a 2 m ick copper foil that is

el ect ropl at @ltheinventipns p layer of gold. Still another preferred enbodi nent
uses a | mil thick nipsiein e bESBRIPTIONCOIESHEGRIBERREN EREGDIVMENIDEr | ess
preferred foils include copper plated with platinum copper plated with
pal | adi ¥m and brReferring newde Figuse biong featireabibaprasent ifveptian ROmMpHEss #ehurn-in or

i nterface I | : | d Wot.ihet al
that melts St P ?égﬁﬁﬁ@n%%ﬁ?%@gn%ﬂ%@% Specfitally (hé Prodie b T 1

Fi gure 2. /sysihogpmpriseeasenkeht intlnding p seakethnspl? auda compuesgion stop 6, volich is

mel ting poi ' .contai ' f 0 ' i abl
conpr i es. el fF bdracfi Wi Yopket R o hipad 2, predsifs 24 Ehfingt o Ehi 201 ¥
di fferent represder 30.cin Eigurgdl a DU 4@ sbopmeeceived itvsogkd d Oc dmrpome embndiments,

pl ated yjt i L adi Jo L kS Dl X ]

2002 pi 2 o TrRsele A 2 i orlnghB6 RS i Timlia, 1 PRENSH i B ConotlobPbih
cont ami nat dhatrsufficient pressusd istahpliqdtr the THST hpothier mkéns. | s preferably cl anped
onto and s to the contact surface 33 of heat spreader 30 by a retainer

39, or seal egﬁwth a sol der bead (not shown). Together, the skin 37 and
retai ner 39, corfogketbasecl 2ivpMiasblyenst¢tedref 4 suitabla namcetiduetinganaterial such as

enbodi nent I Fl.g , LS i i d by
S oacker 5dtt Rl b the Rlechil ol & piclify o ebhleah lRBELA AR Bimbeyts BBl 2
can be 2fadeaoh laardyl4 preferablydernyrindtestin mm electriadl cohiatt 1i5swhisl adaly eomprisea i surfacei ng
a seal at t operatin epperatures of the Jj.nterface., | ch e

fonct oo ORuRRRHR el RRED oh e bndiantene 1 a iiaRif ot sl PRRH 15,50 Fgp B4

a: | owi gg jthﬁsm?i/eablepmam?; 'dmuD?}fmb@ehilohﬂTwmﬁthﬁlldwai@mificed_fDUng 30a can be 2
pl ugged with pl ygs shown. oget her, the i n et ai ner ,
D Re ot b 13 ppetbrrod B pP pespy At 150 ti sirtive 1 0L FoRERS Rl EufiEA | o
The | ow nmelbevéled Dipi 7 thiFeisadves tdighdde R THET ahte Potitionbdre sdckdEiMbass UQh Bip a7 €
known in the.art. LMPMs are sonmetines referred to as_fusible alloys. They

i ncl udeXlal PESFerably dsfines armargp correspending torthe fotnrint of @ (AT i This aweady Gpicallyss um
LMPM s can s&&reﬁawﬂ%%ﬂ A& 3V a@ty E&?@PHEB%%H? I indGSirELOf 18 rwr.atm{]e
gt trofs of these e e

ranges by varyin e 15 propor ) ements. According to t
present i ne&Hnplencach isidelofthe arhaboundediby fihd 7tresr bad.00htocl. §lhcipches donghrthan

spreader 3 6 t I ' e

sol der beaghé?rgh%% a(?%té%ﬁﬁagi (ﬁg&? Pﬁl\gﬁnﬁggéﬁggﬁﬁilg ﬁ’é&gljtaﬁlg%e%gé ?r&eﬁb?rlf arll)éb%oi nt
of the LMPshrface lidsthaur Bp ¢7.alomptassion stap 16 pkéferably comphisead rigdd, lmefi-oompreisthld MPM
is enplaced if the solder approach is used. Once the perineter of skin 37
20 is conpletely sealed to contact surgace 33, the desired vol une of LMPM
can be nelted and poured or injected under the skin. This is preferably
acconpl i shed via an access passage through heat sink, as shown in phantom
at 41 in Figure 2, After the desired volunme of LMPMis in place behind skin
37, access passage is preferably seal ed by any suitabl e neans, such as

sol der, that is capable of remaining sealed at operating tenperatures. This

~ - I Y e o o - PN g——




30 enbodiment relies on the slight conformability of the heat sink materi al
and foil and the relatively good heat transfer that is nade possible by the
elimnation of a conformal nenber to ensure that sufficient heat is

transferred fromthe DUT. Thermal Conpensation System8 4 AQ%:'; %@Pg The
present burn-in systemis adapted to burn in DUTs having a vari rf}

capacities. It is also known thg}l, even within D JTs having the sanme
e

speci fi cat iTggetial go 8 alordeline epeameesnasddp therrspigtetar of sogket bage 12. In an
encount er e_ciﬂtcﬂatiw‘éi?ﬁ&iﬁeﬁﬂ Wmpre&ifont glaﬁ; 78lis mé@lfae%n@grfﬂw Ol the! same i ey

small and it 1s preferred that' burn- be car I N -a nart ow
t enper at ur ase ¥2arikpgethen basexd2apt etop d hifgrnmansphd of the éwe-pamt Jiddealosocket 10hat

burn-in or testi for ihn_the er at,ur ange of fro 0C,

125C. As. 1 ong adip AESLBEF pREREd Jbdh el FUREHE LA, baRPreRter aDaheef pad oF
each sodketspringseXfiemid r?nessm'rerpjatwﬁm gT}iend'cmhi:phnanhts E)ld'ﬁ?tevdohhcctmﬁtmévt tog@@n

t enper at ur es,_anon e DLTTs. .Because t r 0 L on eratures
of a given ngt&ann%f)gt S3ESICRLIAN the Foc ?@Egg‘cta[ﬁﬂﬁs S%‘éﬁeég‘gjg{))lfrm&lﬂ?i’g oft ure
range, it igheapesaiy plasticoridikdr kilila syefigm SekeBI B0 B Mapled o bear on

t enperatures acrqQss a In the present system_this is

f )
acconpl i shEEMPIFSHPILTIPR| fﬁ t@ﬂfﬁ%@e@gsadew sHEfacedyHler that wsa%ttsamsﬁoghas a
suppl yi Ng “TR#er poRtidETH hadving éleun&kﬂéeagtacm - wiYE i afBRE hbdt pal bY so bR depRb kY

system described below is design and operated so as to renove

appr oxilfat dighlyl emeallycondvative intterfaces Hoah spreafersifcuahertindlnddss fange 361 whichy
t he hottesthHJ]naﬁgﬁrgg#é]m?%pdN to Figures 3 15 and 4, each heat spreader 30
I'ncl udes a

preferably ermocoupl e 42 or other suitable . tenperature
sensor enbeddedAidditivhallyh ddst spfeaddr30hncludesiankintermesdiate shoulden 84 dhat suppfaatseat 33.

Th I ' A | . | ched t

Ui tabl o Sigste ToRhRrdedding SIMER"Y0 AN GE MR UBATIE S ) ©

Ther nocouplspring? 26aare laffixadytosshouldér] 34 along twe sidpd ef centasipostiommd2 il least opon i n

th T . ' | | . 42

| adait; ofreeaRE R Gie abiiod Btk 6 e el 26 i HORLAESR Yo RooRE by 6 Sl 100

i ncl uded i sprivg26. Poesewrd platS(P4 chiebe sapardtt frony oteanather asshbwh) & dapbe dormed@s | ong
t ~44 | S.

as it is capable.of ,a fairl rapi d r.esponse. ti , a ref er abl
ol L1 oned piRleRit Bt Bobn sty R ety T58bHom Sombdatt Sl ¥
t hat t her m2é anppresshis plates Q4 ig providedrfoe tled purposatof applyingt compyessieaforédie tRS

sur face of . Heater, 44 .i ls ef.er abl r vabl nd.repl aceabl e
o et conPusapeky ebfifs far a0 sheelicRFoREs S A BHVER e BB RRRREY O
. heat er2d4 oa tllrtlhrBtHTahﬂ Lea?s)m?] lixﬁﬂieadctﬁll. tﬁgmﬁ;&gmahnephm_sy@gne_ thjfomﬂtthé nh.
response to t he out t { r cou e { resent It 1.s ret.er t hat
oop hoat cbrings ot ok dencrined ol ol 1 jioa of bl S35 rkesplre a1 b HOT,

| east 50 aSomeosthepe afternatiey/syslems @ps desbiibadaint detailf inh@atmorttiz dw@ed 4fplication

De b g, S buccs 2L Bef Eineat, il ant s ViRl SOy A > o
spr Fad er ﬁﬂdaﬁtlfﬂl@He#t%‘iﬁlﬂl@h:iéd}wlﬁﬁﬁ Eﬁﬂo&?orh@athe%l;;gk)a @@eret%i@pﬂ h 1f'aat 'S iknléOSO

COOol s ural i (0] SQC . rererre odl, ' e |

i ncl ud&pa |iqﬁ%wa er( Q/)ssara %&P@Fﬁpga@wm@%}m’ %s&f» ?Lenz@‘bz
duct 52 segondtictig mateddld UDAe préferdd aRMérial & E0pREr Ehd Soed prFeriBly cBper plditd ed

to water (l{gquid and vapor). The water circulates through a cl osed | oop
(not shownYith Augthermatelgaich gs pickel Springs 26 @rs Rypierably goayentional small coH gpuings, and

a mechani Celt & \eChhy! didth rdQble Bheify hlefd! m&t@%w&%wb@%@f@&a'

bl
connectors 53 and 51 ‘and rechani cal thernal contact sinultaneously.
Her et of or ematerig]that combe prayidst iwilh acskeey emeoth giréace and is preferablit palished siginlesy n- i n
devi c fo i Of ; Akt QS R I r.eGid fi qggl t he
li ke. e %?Jlﬂncillp g‘ysi@feﬁ%gl ved I'n op%e? ggi%ﬁﬂ%% %gltr%&{@ écfgfilﬁoglgfégfsfdreriﬁt are set
out in U. SppruximestelySonicsoinéhe®03 t o Jones, which is incorporated herein in

its enti rehx I—gixetv%r as di scussed above, the handling, cost, and other
consi der at T oABBIEHALE oy with those devices make previ ously known cQd ing
LV 10 systens ufxebidirgble thed pressnd|invepition)t the imtbfsbe Chetwesnt thelDUT 46 ahd) Helte

resent applicat]on.
P pa};):re er 30 irs] designed so as to provide maximum heat transfer from the DUT to the heat
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Heretofore, it has al ways been necessary to provide a separate controller
for each duct 52, so as to ensure that the cooling of one group of devices
woul d not affect the cooling of another group of devices in the system
According the present invention, significant cost and space sgvin 3 re
realized by providing ducts 52 that are manifol ded together i AﬁFﬁ B of at
15 least two and preferably 4, thereby allowing an entire systemof up to.

72 sockets pmeddBe! B 6rdét thacRompIid! iaxiReR MR thahsf WS intéPide ﬁ%{(ﬁ&binﬁ{mte
Referring ngw to Figure 6, it will be understood that the socket an eat

si nk conbi n8eiWBAVENPDSE syidase of die DETer Qrerall, rthe thermalj interfacse mystcbeneanformal,
100. ' ¥ i q
system g@%mk%ﬁ&cﬁn rﬂ&;]ere@ﬂcrgdrgmg&el' g%ﬁhluoh,\fptggﬁtsﬁctﬁgs Bbdt ﬁaﬁﬁgfc%sé”

mani f ol ded together so 't fat opera on a si ngle system and
control |l ed &nd mamifacthring complexityemustl Alsodbe censii2redanit be tgrbeuprdrstoodtthatt thal |

ducts from - | 00 are.coptrolled.together, or.can be grouped in
subgr oupég cgﬁ{eglis rﬂéﬁ%ﬁég’g]o#hgﬁ marely & us‘?ﬁtéved‘ﬁ’ét”é’? CRIABRYS tﬁﬁg%?‘ggsé(ﬁtf&s
system i s othstanédpdise objestives of the preferred LV cooling system it will be
under stood that an t her cooling system.can be used w thoyt departing from
the 25 scope of ‘?‘f‘?)é“ﬁ?%é‘bﬁt tri?f@fgf’?‘gﬁ‘.ng%ﬂe’étxé piopady2. is E%?‘_P‘fé‘g_%!%‘?“
(such as i ngupfacd-{ds™drawd) oFtdefter pOrPloh M2 bf Hbdl Sspreader D30, Pl A Pad 220 hiefSGibIPT
indirect thermal contact w th heat spreader 30, so_as to,carry away_the
desi red ano¥mPrises :Ewicriabhaing 3 Bigh el eonductiyity Mare seecHficallprifispreferred | n
operati gf), @atlthdmAHariaSrrdth IHRA Hem pa@ Qb?stfoﬁﬁ'&ﬁm?ﬁa &%ﬁmg{a?&hcﬁhey 6;’11" a?ﬁea?@!ﬁ‘ded

by lip 17 so that the electrical contacts on e gn w't e

appr opr i at BT g8d snore penferably: releash AL BTU/R. Beeause the uppertistepe of therddUT He
component s flely &6 idvd Qe RlieRich 1) oI A0t Yad b 2REBE sob g bdforkl

comes to rest on conpression stop Referring now to Fltgures 1 and
a heat si nkorgesilients ahdwefetred casegone of matrsialsrcanhecdeperibed asfiherpiolly canduséinet s

10 and the . F i h C ~
April 2002 ‘Ic"g’frlr'gfperq‘é’s"s"?‘g’%k %ﬁ‘é@’ﬁ%l%\ { “%%%%@%Fﬁ?“?%ﬁﬁ&ﬁ’%&&‘f%’%t hi n
each solketnitridé taadecdsiliborsielastomer sobdnuder the, tradémark SHePAD 2Kk chysthe Bsrgquist

W t hdrawn f ' t ol @, ' . t ened
nd 't he. DUTTIHE o Sisoblsbls S, 58 BED 00 SHAB B0 6 Rl O QB ot
when t he f davingf@ thickaesp beteten about 4 layd 20 thoasands eflan5och aubprefsmably2about SfPessed
I nto good t.her i th. f 39S 26
are slight |‘§8‘c o@bﬁ%%}%%?ﬁ%%t%gggﬁa@hg 0 rr{:)e]l;'lg{sig% %%%@(dﬁ%ﬁ% and
heat spreademe3DFlek200ity Tetmagonpines $856 West 2h Siredtt Clevelands OH 44109. The

Cnenr - cmprredioty bl B50'235s ok b3y e B lopf Wb RSP lchcns 8 el

f orce frompad2a2 beipg epprexiniately totSmilOUT vi a pressure plates 24. Hence, 10
the applicationgof force to.th i s .controlle i thi iy e
and any excess FGrHEe ?%‘%R%%%ﬁf%%%ﬁf"e"em‘@} Cf’gta?qﬂiﬁcs%é?m g%§e° f\?? %b%ﬁg
conpr essi oreave np résfilue Ah the PUT pitis préfemed to ipeovidenpthingoil dodting 23 ((BiguR B A)aves a
good t her cant act bet we he .DUT heat. spreader 30).. al | ow ng, heat
spreader 3 eaﬁﬁ‘ﬂﬁ%acton&ﬁtﬁ%é%t{) sm{g}el&%eﬁg’vggﬁ °ngq()dﬁe@t nggtaq% gﬁfi

watts @5 nakich coEpReIToil akhtiis elebeopRittd @ithi 180 hulaperi of. gold. LStitleariokier ppgftiral]

f the t t f each eci sel trol i thi
br edet or i EHSUGISACHHET 8. LIRS AR fol s SHHPRINGO R Eoldn Do puctomed
above, thi $oﬂs$nﬁﬁd%ﬂﬁk:bﬁh&dd%ﬂ&%ﬁﬂicgﬂae%ﬁ%a%ﬁ ladiin @AdPB@sd, Y and t hen

provi di ng make-up heat as needed to individual JIs. ~ The LV systemis set
to remove from Aaseond praferradpembadimentfar ther thermah interfsesasinsisen A qoafnrmal

gener at ed RysHERY t %ﬁg}o | TH@&E pl e
42 senses :e%{s te%pﬂgg%tg%raelwl %@?ﬁ%?ﬂg?ﬁ%a%ﬁ g“’;‘%@ﬁ%& ropsrsggﬁw
t he sp@Oi f isystenpasrillustratedrip Figuwrei2.c Asashgen, thethesha) interfanecowsisrs abody Faefse

Cenper at ur 5% RePba iR AR SRRl R o Aap 0 99057 pris B Bilbs 0 o

this cont rnﬁlﬂidmbfoihnlfhhsiﬂpthlaﬁghm chycmmﬁssuidiﬁnémmem,taudh haﬁgold-iptatddudi ng
' I, ' t | L 25
s"ar o KnofPERh of RN Hp Fotptst s e Diefed el RRnE ebfd S ptalite histibeRes e

and operational details of one enbodiment of a burn-in system60 in
accordance with the present invention are as follows: 30 - Power handli ng:
Each LVIJ can handl e 2,500 watts of devifce di ssipation. The standard test
systemwi th 8 LVL1's can dissipate 20,000 watts. Each LCU can. handl e 5000
watts of device dissipation The standard LCU test systemwth 8 LCU s can '
di ssi pate 40,000 watt's.




4 April 2002 In its highest power handling configuration with 4 DUTs per
performance board, each DUT can dissipate up to 100 watts average power.
Maxi mum devi ce density per test systemis 576 devices (12 devices per
performance board, 6 perfornmance boards per LW and 8 LW per test ¥ tem
fox a total of 48 boards containing 576 DUTs per 5 test systeréb"?p"llﬁﬁ ystem

can be depopul ated. to_ allow for higher device power dissipation. The power
suppl i es caﬁ%d@ls&%m@& mgtal that dogsnoh deqys paresidie on contaminpte dhe surdece 1of they can

handl e 30 demi, Chife HétASkinab praferably gﬁﬁ%@a 66 And sealddab Bl @HtaSyRt AR §PoGIhY At

75 watts per device is 240 device or the LW Preferred systemdensity at
75 watts péreades 3¢y p totainry 3carisealed with agaldexhead {pot shawn)a T ogether, theisiin 37

or cased Paiples 4, o (O PUPEL 54 Shbti il nd Biipfalfd BkbokiER B in
per boafd Rigie 3B, heslaMBMIfirib eontainedbynskin B sind bym gasketcd8dbat i@ ClabpAdbgiweent est
system Thg. se ste Suppl.i e e ca le of s i ng 75
watts of  DERALER best SRR GRRATE IR oy SPORY Gofe et ol
dev}ces incdpgivkbg ﬁﬁuwaimﬂnd ni éawﬁttheqpeﬁﬁﬁgh tﬂsmi:@ﬂag.irés/of tﬁsiun%-fatc@:.oneehoabeseeala:t
erformancg boar ensity varies,w th expect aver age, devi awar. For
8evi ces di ?gqtd‘gﬁi‘ﬂ‘ga‘lfﬁmté’r%%%éﬁ &m%@gﬁbg rs,l?refgg‘p%or ?%r %&”P‘B%\A%P@Pﬁlance
board are &ph@i@fbftﬁamwjxq;dsﬁh@ajzﬂmbwcﬁ% gied With pHigh B0Mak kfowrd parts
per performance board are all owed. 20 r2 4 April 2002 GJ~lt'(tS 1. An

appar alis for dragsthenithegkin etnds retines 3% QF s i §7c Basket 88 apd rplaings 3% a
socket capgpln e IS Wiel S Ik, SHRAGK heRthePp i AL MPIY Jaﬁ%eiatﬂ% &idfaBleed

circuit, sald socket 1ncluding electrical I['eads for connectin

cor r espondiMBM, suelsasoie kaaven ipUire ae. FMRME #iR spmetimes eferred ihendisiblg alleys,
cool i ng Tholdad iftlys SPHEAIA with 16t Rha SR, Al LRI/SR IddE L BN and

wth said , said spreader including a thermal interface in
rel easabl ecandwhdasigned tahavethelting poisinvwithin desired tampepiure rangen by Sooreg the

wher ei yx sai Ly ' ' =Tl ' an
outer. #ay@r%%&nﬁs@i%éapgﬁ%@%l A? é:)blr&ﬁ;ﬁggbfﬁ E?ﬁé‘ﬁt’@f&gﬁ%%& t eirwrrtoﬂégup e,ﬁés aid
heat er andhegmialiintdrfcerwith bedt eprbedendo awlts between 205Caad @5%Cher nul i nterf ace,

saig heater Delgd, GoNS Qllf pofht ' FIROEIGer tRad bR hAMSAL LA ARG BUP! ©-
. An apparatus Tor dissipatifng power troman integrated circuit,
conpri si Ndhigher kbt nsltirpopaintoéf the dMPMndt mrutefornplectotdttach skib3V todbeadi3fAg t he

o cor r eorhsiiap P TMERE SrRBE Gt g ordts hBo R K hidd: Ynes M Rrinir SEBRESY, "2
cool i nzp ndslicotapletely sealed to contact surface 33, the desired volume of LMPM can be melted and
poured or injected under the skin. This is preferably accomplished via an access passage
through heat sink, as shown in phantom at 41 in Figure 2. After the desired volume of
LMPM is in place behind skin 37, access passage is preferably sealed by any suitable means,
such as solder, that is capable of remaining sealed at operating temperatures. This
25 embodiment provides excellent heat conduction away from the DUT, as LMPMs typically
have thermal conductivities of at least 100 BTU/ft, and often at least 200 BTU/At.
Still another embodiment of the thermal interface can be constructed without using a
conformal member at the interface. In this embodiment (not shown), the lower surface of

heat spreader 30 is preferably covered directly with a metal foil as described above. This

30 embodiment relies on the slight conformability of the heat sink material and foil and the
relatively good heat transfer that is made possible by the elimination of a conformal member
to ensure that sufficient heat is transferred from the DUT.

Thermal Compensation System



a heat spreader in thermal contact with said heat sink and with said DUT,
sai d heat spreader including a thermal interface in rel easabl e nmechani cal
and thermal contact with the DUT in the socket, wherein said thernal

i nterface conprises an anount of a |ow nelting point netal con#g ed0 Ln a
foil skin; and a heater and a thernocouple, said heater and sa pril 2002

t hernocoupl e being adj scent to said thernmal interface, said heater being

B BRSSPl S SRR S 5 BRA R gD RORSARI,

2002 a socKittis slap&howen dfat, rese;ewmngnanrd hawilg Belsafi@ spedilibations, 'aytaffe b &ctual

I nt egrated CI reuit, said so I ncl ug gg el ectrical |eads for connecting
h

to correspd® ﬂ@é?i’&r%‘ﬁ“@ ?jeftsebrntefa the spmg time, the thexmpl tolorange of RPTR 4
cool i ng nedj wramwﬁﬁdu SAER PRéferrdd M@Juﬂﬁin &%h%touwﬁééh&z&w r‘féiamfe and

wi th said DUT, said heat spréader including a thermal interface |
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suitable thermocouple, such as are well known in the art. Thermocouple 42 is preferably held
20 inplace by a set screw 42a.

In addition, a small resistance heater or other type of heater 44 is also mcluded in heat
spreader 30, Heater 44 may be any suitable heater, so long as it is capable of a fau'ly rapid
response time. Heater 44 is preferably positioned behind thermocouple 42 with respect to
contact surface 33, so that thermocouple 42 senses the temperature at a point very near the

25  surface of the DUT. Heater 44 is also preferably removable and replaceable and is connected
to a power source by heater leads 45. The power applied to heater 44 is preferably controlled
by the signal processing equipment in response to the output of thermocouple 42, At present,
it is preferred that each heater 44 be capable of generating at least 30, more preferably at least
50 and most preferably at least 55 watts of heat, Heater 44 is preferably held in place by a set

30 screw 44a.

Liquid Vapor Cooling System

Referring now to Figures 5A-B, heat is conducted away from DUT by heat spreader

30, 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 liquid-vapor (LV) duct 52 therethrough, LV
q
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"109B& () - ! #10%ehig) néw to Figure 6, it will be understood that the socket and heat sink
combination can be repeated several times within a single burn-in system 100. According a
preferred embodiment, LV ducts 52 are grouped and manifolded together so that they can be
20 operated on a single system and controlled by a single controller. LV ducts 52 can be
grouped so 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,
it will be understood that any other cooling system can be used without departing from the
25 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
When it is desired to perform a burn-in operation, a DUT 40 is placed on socket base
30 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 5A-B, a heat sink 50 is sandwiched between one or more

pairs of opposed sockets 10 and the force F applied on the opposed sockets serves as the
10
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9| 10  the application of force to the DUT is controlled w1thm a desu'cd range and any excess force

is transmitted directly to the socket base via compression stop 16. At the same time, the

compressed heat pad 22 forms a good thermal contact between the DUT and heat spreader

30, allowing heat spreader 30 and heat sink 50 to effectively remove all of the heat (30 watts

or more) geilerated in the DUT during burn-in.

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

20 thermocouple 42 senses its temperature. If the temperature of a given DUT drops below the
specified burn-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
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

25  as are known in the art.

Example 1
Thermal Specs.
Thermal specifications and operational details of one embodiment of a butn-in system
60 in accordance with the present invention ate as follows:
30 - 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. Each LCU can handle
5000 watts of device dissipation The standard LCU test system with 8 LCU’s can

dissipate 40,000 waits.

u
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101 11109%& () - F! dyabéfn 1s)576 AN 10 )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

5 test system). The system can be depopulated to allow for higher device power
dissipation. The power supplies can deliver up to 75 watts of power to each device,
and the LVU can handle 30 devices dissipating 75 watts each.

- Preferred system density at 75 watts per device is 240 devices, for the LVU.
Preferred system density at 75 watts per device is 480 devices for an LCU.

10 - In an LVU, if the average DUT power is less than 27 watts, then device density can
be increased to 15 DUTs on each performance board. At this load, 15 devices per
board with the same number of board positions yields 720 DUTs per test system.

- The present system DUT power supplies are capable of supplying 75 watts of DC
power to each DUT in high power mode, or to each pair of devices in lower power

15 mode.

- Board density: As mentioned above, performance board density varies with expected
average device power. For devices dissipating up to 34 watts average power, 12 parts
per performance board are allowed. For devices dissipating between 35 and 52 watts,
8 parts per performance board are allowed. ’

20
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outer layer comprising a metal foil; and

a heater and a thermocouple, said heater and said thermocouple being adjacent to said

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

2.

An apparatus for dissipating power from an integrated circuit, comprising;

a socket capable of receiving and supporting a DUT carrying the integrated circuit, said

socket including electrical leads for connecting to corresponding leads on said DUT;

a heat sink in thermal contact with a cooling medium,;

a heat spreader in thermal contact with said heat sink and with said DUT, said heat

spreader including a thermal interface in releasable mechanical and thermal contact with the

DUT in the socket, wherein said thermal interface comprises an amount of a low melting point

metal contained in a foil skin; and

a heater and a thermocouple, said heater and said thermocouple being adjacent to said
|

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

3.

An apparatus for dissipating power from an integrated circuit, comprising:

13
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>?@\NDC shteh@8f#clidingd L inderface in releasable mechanical and thermal contact with the

DUT in the socket, wherein said thermal intetrface comprises an amount of a low melting point
metal contained in a foil skin, wherein said foil skin has a perimeter that is sealed to said heat
spreader; and

a heater and a thermocouple, said heater and said thermocouple being adjacent to said
thermal interface, said heater being controlled in response to output from said thermocouple.

4, An apparatus for dissipating power from an integrated circuit, comprising:

a socket capable of receiving and supporting a DUT carrying the integrated circuit, said

socket including electrical leads for connecting to corresponding leads on said DUT;
. a heat sink in thermal contact with a cooling medium;

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

a heater and a thermocouple, said heater and said thermocouple being adjacent to said
thermal interface, said heater being controlled in response to output from said thermocouple.
5. An apparatus for dissipating power from an integrated circuit, comprising:

a socket capable of receiving and supporting a DUT carrying the integrated circuit, said

socket including electrical leads for connecting to corresponding leads on said DUT;

a heat sink in thermal contact with a liquid-vapor cooling system;
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