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ACIRCUT LIDWTH A THERMOCOUPLE BACKGROUNDCOF THE

I NVENTI ON 1. Technical Field This invention rel ates
w@eoengd2iy to integrated circuits, and nore  PCT/US2007/004540

particularly to integrated circuit thermal managenent

systens. 2. Background Art Many types of

currently-available integrated circuits are nounted on

a substrate, which is in turn affixed to a printed

circuit board or other 't nmount i
Fol | owi ng. ath ST 3D RATHH T HERMREHIOLE & | he
i ntegrated circui VRE i ch prOV|des
not only a protec l%‘?‘é\:/lgcggverl(gl‘-ﬂm&mbﬁg |(¥1\$egrat ed
1. cirdesthmicglifieldny al so facilitate the transfer of heat
f rreRidvbiRioh flag EdlcAlly Glittépdtdd cirtuil18d Mok ipartiéul €1y ©d intgrated circuit thermal
structure or another. In the testing context, a
ma"ag??}eélysﬁa F%ontrol systemor "heater" is usually
2. posiBarkgnewdddtthe |id. The heater is operable to
MMafy 8pes dfh&rehtbn@ellaate trtegrandd cirbrdts 'anatmsgrnal @@ sohistrge) iwhich is in turn affixed
toa aneIl Dil‘claxt §9£@or% eeoqJ m(n?rﬁlg St%llul‘ee FBIH@V] bR Ead &fthe prmted circuit board,
s

circuit 1s su t.0 e ectric ot her .type

the mtﬁ&é*@ﬁdifﬂ*éfﬁ%@vvei‘ty *H@ ighare T AP P%’&eﬁté"ﬁf?‘ﬁ‘f"%%‘gi B Plsroed v
but may hlgo fagitieg tatteusfaiof kst fiont the msemated Figpoit thpne sl Fqolipgructure or another. In
the tesﬁﬂ%@gntt\,@@ Wl ckig c&'ﬁx@p#ﬁ&ﬁ Ble@ledtd?” ﬁﬁiuﬂ@ poGﬂth&H bi the R& I BHle heler is operable to

mainta; ﬂée\?treérﬂéep%nﬁg bfiﬂtée ntegrgtfc{ c:rcuu nt go(x)ne sslyc?etder%gée whlyestﬁe mt%gr?ted circuit is

I'n
subjectghiorelertripg ansinker Up@ﬁﬂpeefawmesem p?“ﬁ"h‘ie?‘m é’equmlda\‘baic@ the mtegrated
circuit kg Y@M ﬁg@&s @énditoes thhaevoH|be efvsudtaeiie admabéircainoperitieg rAat@dingly, the
thermag LJnE’(lilll sg'ste%pg uéeti ?o &‘gfeﬁt%%g ;\q{‘aglge Afldg 1lllt§grét£m&t1?f;um prrgﬂih upward and
ing and manufacturing standpoint. In this
causing ghipyfaghur ﬁfost present day integrated circuits incl ude an
omzoaite kitbwdelee dftiigtthesredl viedromaengioftae impearaged lsnreutmmfmrwgondmg lid is

lmportgxﬁ \f‘xloﬁ%amlyﬁ%yrﬁg;ﬂ@ )ﬁ%ﬂ%&cﬁﬂ@é Stﬂl@ﬁilﬁr fn 1Rk ®Parll Hl@:l,t Hﬁl&nﬂﬁy integrated circuits
1 0

o AP A i HERELT 8O TPRRE G Ty s o iclce
an onbbéyé themray dipdei o Elpositivned gy theppdy a!erfammﬂ the heafer. Qﬁﬁfb‘ﬁﬁdhe difficulty with the
converﬁlﬂoﬁ%ﬁ‘ Set Gpblis tlﬁ?wlhfétﬂ%%ﬁiaﬁdhdab b Ak Intpfa@V cERE pRovided aatlbtively\sood measure of
the teng)eraturen% 2 &er Qecﬁ ctiICl{elthte wh O e ogmggaﬁcp &er&r:'hledatidggg at ﬁate:ggﬂ control system

rcuit an
providesaesirpiferly acseriabl messrassmsns 95 theworapetuze of fgjthegpal W"&S@éﬁ?‘h Bfither provides an
acceptiﬁ%bﬂrﬁéfﬁnﬂz_lsm@ﬁf thhiempeampebfbellid Intrestingly thoaghprtk teperttnelof the lid is often
used b§ ¥l§$u%ms BitukalilersRE Qéﬂegﬁétlﬁf?optﬁg&’egﬁéa%e\‘mﬁ Bme of the electronic system
heasure o he tenperature-of the lid. Interestingly
in quegti®ygh, the tenperature of the lid is often used by
el Gre bonyentiosal rakmidua 6 prespsngdis! tempspexs ityadves psing afsepsing pegbe, such asa
Type.-’f:i ﬁ%ﬂnfo@(%pfehﬁ Emncﬂﬁrvfﬂﬁ fa @ﬂ:@&h—ﬁifand hetee 186 ﬁk&lbb&lpﬁ:)iﬂirﬁi@ht mto contact

with tl-1eilxa. ?h S}echm ue lgg%he acﬂt k roen@mr& c?eg.xhz!l eqyt% ﬂqu d, %&%Hsh%@ not feasible if a

hperaturs 1 nvorves a sensin . suc
heater gith g cqw%e spripqsepRitstis BISPAt AUTHRS H RIPHEde: b e 1o e probe may actally
increadSliheQheRailr@isand di éaher ranithepathlvey bape@n Ple éntdgaatddicizengthand the heater.

| %8‘6 pe%te%ggsing techniques, such as infrared sensing, again rely on a clear pathway between the lid

l

and the remote sensor. Attempts to provide access to the lid for either a contact probe or a remote temperature
sensor run the risk of increasing thermal resistance and thus significantly decreasing the ability to control the
heating levels of the integrated circuit.
The present invention is directed to overcoming or reducing the effects of one or more of the foregoing
disadvantages.
DICLOSURE OF INVENTION
In accordance with one aspect of the present invention, an apparatus is provided that includes an

electronic device, a lid for positioning on the electronic device, and a junction of two dissimilar metals associated
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with the lid. This techni que has the drawback of

requiring clear access to the lid, which is usually
wmedao7hes2sd bl e if a heater with a conpl et e surfBCEUS2007/004540

contact is present. Attenpts to provide better access

for the probe may actually increase the thernal

resi stance of the heat transfer pathway between the

integrated circuit and the heater. Mre renote sensing

s R AP Bt e e b P Pl AR S fomer o
the lid. Attenpts to provide access to the |i d for either a
A r&tzd@%nc@ Wah Eno@fer z@p&m&résé}ﬁp@&ﬁbﬁl hfafperasols prosided 4 includes an

mtegratgci cérﬁmf, a hd P ¢ F)oes 1amn on tnee {npgraﬁd §§c%§ taﬁ&&ﬁ‘m@ﬂg of IQ'U %1s51m1|}]ar metals associated

i can ec to control ¢
with thﬂeiafruhwgmqnewewd?ﬁe ﬂteﬁe“wﬂeé@ Pt&t"éaafb‘r“ el e e ghfemperatore o

the lid. | nventl on is directed to overcom ng or reducing the

Uxﬁ:%f\mta Bfoafif T\SﬁRE & o présg'ﬁ invQft188) h E‘;gmﬁ{u§ AGWAHIESYASncludes a lid for

In acc rdance
an mtegéqtedthr@mrﬂn% apn «ftlop ﬁ(f@’ﬁ 8ﬂxlar gﬁ: ﬁﬁsgf%fdu\gm} tge locp gl'\}mle Htgj:on provides a
thermodohpit: toi provide de sutm metiaemme@ntmve @by femperatyre of e fidyr
pﬂlsa'céolrdameQ\ch Qﬁbtﬁep §‘sp§:|t MJ FPEER ifdeMibs, Qn appafid isjpkiviied Gt includes an

aSS t associate
electror}lb?fa(tcf S%d gci)' Bvsu d)mélg gn tt electromc vlllc% a%g X\{L HIOL ggtw'_lqlssnlhﬁ metals ted

ernocou rovi de an out
with theg,lilq\; 851 an@pp e@@ﬁgs&thegxgm@gpleatop%@ F’h‘[“ﬁﬂ“ém@{al rﬁ]ﬂ'ésepﬂwe Pﬁa temperature of
the lid. %Héﬁfsﬂ’ﬁﬁ'i@&u;wzdtb t@mat her aspect of the present
Pn\t/a%pt}r afwe am%rzl.noqg)ep %@ctt Hﬁa& p?l'esgr[t %xqgg tMIOd b%h&%@&er@gramm of an

clrcult OSltlonl 8 ¢ the lid t
icgratREiESH B BErOLHFL 1ahe b PEHELT BB PORs. ) SEF Al gy e 1
providdWthé@hscoasls aietable edprovidern firh eutbit dignal indicptiva of thetympgresyre githe lid. The

Junctloéllstcglﬁiemé)slé&lm% 1559ur95n@%6' r6i8ivalihe AR Giiut §gr@fhi\h generate a second output signal
rep resentat|ve of . a tenperature of the lid. In

mdm“é{f:efd?edgmeeéa“w tiredifot her aspect of the present
i nvention, an dPPEFIESSRIBTIONOT T8E MYV INGER| udes a
| irge i%fzgol@grhnu Bm&gaﬁaaha@las F thé idkdntiai Wil dedoktia @bpateht upbn feuding the following

dc:atalleé:l éescnp on a%[lu re erence Stﬁc(jr%u? IAMNEI .the Hd. The JunCtI on
pro des a goﬁl oupl e to provide an out put si

T @{-ﬁ é Sséﬁtﬁml‘?‘\?‘ép‘étf’“aé VICW ﬁﬁ@’r%ﬁ“ﬁﬁl@y erqt]lgna'l_ﬂrcctrlﬂoungg integrated circuit and
heater,accor dance with another aspect of the present

o ch’e thé aglrthplﬁiegd Blgtggzh @feu'%f énsex%ﬂéﬂl gﬁﬂ)d‘nlﬂﬁt of'aﬂ QﬂpHIQ@@ ord{d system capable

of covegpggn[ c{l%ﬂc{)rgc Qfé’\\‘//":’* %13 proglﬁldng 3 n}ea.vﬂ %ﬂs L 187? LR rata;l-e S(,)S &?nh? in accordance with the
presentiteation; associ ated with the [id. The junction provi des
a ptd 8 LI A cBorkDvid SP¥hedR dagictatih pid. 2 $dkga kection 3-3 in accordance with the
representative of° a tenperature of the Hd. A heat si nk
present Vet ed to the Hd. In accordance with-anath
agHedtis arross pratiprrldenel 2p AkFEIHC BTPIASY RO e i §?Pff@°dé“ FIG. 2in
accordirROREK @t prentGiivetivn] ategr at ed circuit Iid is provided.

AJFRE] gtlé anst;ggdeE P@togél SR/t Lx@zﬁtex‘ﬁﬁg éle%piaﬁ/ dnfdbdBeht | bﬂm apparatus or lid system
assocl atl on

capabl%ﬁépwgﬁp%antebecb?xmegée agd Pforxgtng 8 lrﬁeﬁuliement op t%i: emﬁgili{:gre tof the lid in accordance
with thepretdneinteatiqgper at ure of the Hd. The junction is coupl ed
to a sensing MUBESFGRCARRYVIRGOUETHRENVENSIONUL put

S ihgtr}]]Q lirawi';]lgs cgscng d% {%w rcﬁe%g&rIngrglts Qllétgerﬁl’agp ?{Jpeatcd where identical elements

appear in more than one ﬁgure Turning now to the drawings, and in parncular to FIG. 1, therem is shown an

exploded pictorial view of an exemplary conventional integrated circuit die 10 that direct-mounted on a substrate
12. The substrate 12 includes a plurality of pins 14 which are designed to insert into corresponding sockets on a
printed circuit border or other-structure (not shown). A lid 16 is designed to be seated over and cover the

integrated circuit 10, A thermal interface material 18 is normally positioned between the lid 16 and the integrated
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i ndicative of the tenperature of the Hd. BRI EF

DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her
wa@odoantges of the invention will becone apparPCl/USOTI004540

reading the follow ng detail ed description and upon

reference to the drawings in which: FIG 1 is an

expl oded pictorial view of an exenpl ary conventi onal

di rect-nount ed i nt egrat ed ci rcuit and heater; FIG 2

circuit lé)r%%gllhex p e tg]nsq'%{‘ﬁ)f gt Ci)l‘ nglen ty AL egll'atea c1rcus)§§ grRi t@erl db16 A qurmal control

stem capa
device 20GEsitingedan thellid ds. erﬂenePé anisel e b JESUEPfi}o paintain the integrated crcui

at a selddRA B &ERAwHAE the RfsgfaRAPRAuA O [s@utijécteﬁ levakibwd forms of electrical and performance
testing. aIC (f‘hlS T %:& gle\MeI’r{;El EJ}S’OIQ;' S Pl is !':_algybgé’] f'bgtﬂ rangxlggnd PweSngihe temperature of

X |
e inegrRRAPEAE ISR AP Bt CUFHLERS AT %%%Eﬁﬁ‘.g‘éeg pprovide both 2
coolmglaﬁd/&ﬁﬁxigd‘chnﬁi Gich devices @e BeqpeBly sdfgted tria thendasry@$ “hgpters” or “thermal
control Bhils® Nat e exenpl ary enbodi nent of the |id depicted in

G s SRS e RLTRER f A0S e s
schematoalipnpl FAGY! BrtboeeiidnThoheranl capphmarnd0 ssinigrly providi with  temperature
sensingG8 BA BatQd p&fﬁyfee o he BpeNi@CE oD GerthaVdofEo] ay36hmP00 s Bétein the

backgroé‘&g%ftdogntg'ng‘%cflﬁy a{s?]ocmte(tl gp t%r an%n%ogai detsgg W%ﬁgﬂ: in FIG. 1 is that the thermal

sensing@ARRYS P@@W“#‘HE“‘WWEN’F P@Nhrlﬁ oaef?eled? %fﬁrﬁeg%mﬁé‘gﬁ?ﬁnb%f&‘e temperature at
the top BE26886 JF @e@ifeRifia EontroliERstdl 20 dbpEnogBmeddnl aycuraspeabedofilivdengperature of the

lid 16. Ifll'gg%e Glue ‘T’clr hrﬁal ARREAkiodD2 @B&r& R LRRd bk B i® - The diode 22 is

rning now t draw ng n lar to FIG
simply-got °?H?E‘F &f W°Y‘%“‘%ﬂ‘d\7\ﬁ’1“aéerfmé‘%‘f ?fd‘eede'b‘?eﬁafp? ?ftéli’eclt;’ | gw of an

e R P lissanyexd oled pintoiiad Mgl of ant cagmidire gmlddimesnt of apl prpara(ys ertigtsystem 28 that
mcludeg h ;860 mRiRbRE 2 Qov@nn%L&Q SledtRhB dé@ce 31 BR HoNGh AlaCeutatt measurement of the

tempcr%arﬂrg !8#'1 tge‘sc}]?()o pljéx [1&1 !Sd amalli)l orl]-%xlérél ?ver hle Ie':]lec%rogm Q%?c!ggg ggdegxf%d The

OrreSp SOC S On clrcult
electroljo fiayise 3 maybeagually guy elegropic dpiite V¥RERTY be ttemmte ligglt should be
underst@&‘cﬁthg Elﬁdxdtnﬁy lBea sieadiedatary 6F paitdfanCeaviedurel Methisiltuegatiag @abodiment, the

electror(xjic (rié:v&J 1s an m%tgFanr L dleml'gg 1Eé%%e{ﬁ¥c§"i .‘!’231'% m:\l>§ntéd§o a substrate 34 by direct

oned between
mountpgregien e HEIPE R PRPOFEI PSR TT S Uy, The sbstste 34
may belt8@posBEsfweirknéreplistidsograaiiod dr @har ouietiald @itahrieifot dimuil jublstrd@s. The substrate

34 is pév{iaﬁrnm phﬁ’gn)t’ l&fQ:'omﬁngj dnfs 38 gxa{ ae &%ﬁeﬁ't@ﬁ@ﬁge% ihtb Eespekfle sockets on a

pﬂntedrfﬁflﬁttbggrﬁtOE S er tyﬁf gé—?géx%t%g dg%l e %crg? inte a%SI 33§ 1S optionally positioned on
the intdgead @irauit3R Genshth He Titl B T thegrad intsefacsi maeealﬁlt%my jpg composed of a metal or
metals SIeRhEREIBH, dr Qveﬂ-ﬁﬁdvﬁnuﬁenfxﬂ piiSEes of plaliemhtériatsak d@Rell. A thermal control system 40

is positgogec{ t.FalndCﬁ) atm? Isut Q% as h{el tﬁe :ﬁ cdn ?‘g%gg%m 56‘&5%% JEB% in conjunction with

sstem I'S capa ral sing and
FIG. 14 oweri ng the tenperature of the integrated circuit 10
AE1BEIEA LRI 42. and\4 dowaitceh® g3t Thaint ofonsytion betwg@ one of the leads,

in this %xc'émgl%%ag We dnd ﬂe @Vééﬁxsﬁk% Ris@mBR HUeta@nbEl44) Qaich Rigctions as a
memot:%xglgf h‘%ﬁcﬁgg 58 tg%fé g% d%4farre% gc!}édl ?{a ge%];ggr il;xsqrumcxg 4% n'I'he sensing

instrumeént 48 is operable to receive the voltage output signal from the junction 46 and provide another output

B

_"\—

signal, such as a visual output that is indicative of the lid temperature. The sensing instrument 48 may be a
voltage meter, a sensing instrument dedicated to thermocouple sensing, a computer or the like. In an exemplary
embodiment, the sensing instrument-may be a Wavetek mode! 23XT multi-meter. The sensing instrument 48 may
advantageously include a reference junction 50 and a compensation circuit 52. The reference junction 50 is
advantageously a dissimilar metal junction of a type similar to the sensing junction 46. The reference junction S0
may be held at a known temperature. The compensation circuit 52 advantageously provides compensation for

any differences in measurement caused by having the reference junction 50 at a temperature other than, for
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control units." The integrated circuit 10 normally
i ncl udes an onboard di ode for tenperature neasurenent,
wo epresen ed schematically in FIG 1 by the oveCT/BR2007/004540

The thermal control system 20 is simlarly provided

with a tenperature sensing diode 24 that is positioned

on the upper side 26 of the thermal control system 20.

As noted in the background section, the difficulty

associated with the conventional design .represented in
exampl |00 Qptionally b refepeacepretioRen” ceBtbs Al a&?%ﬂé“"‘ bpergperghifgy such as 0°C. The
compersiifdh Bduit 6 Dby prbvisy/@mpensR0n wikkmiut the wpe foa b Feferénge junaioi.dig agy event, the

sensing 1 gﬁxﬁgn?ﬁfig t)pepafble i ?engeetﬂg}%[eﬂﬁa‘ﬂ Ehﬁ'ex@l‘ice Ld¥6ss ttlQﬂeaSMZfaﬂ@ £4, 3Mich provides a
of ermal contro %oes not provide an

meas“raefé{sﬁ‘&f'@f%‘é%‘d‘feée%f"gf‘ﬂé“%%ﬁﬁm? {4 of the lid 16. The
s an@ntibisis howired fo RIF 3, which ivafcrossesaetiond vigof the 59 3Qdepistsd nF1G. 2 taken at

section 1€ Ix'n mk%%@gtleger%oaﬁdéhtt thd-d 30Tih@uddé H&Gtral heiaBic SoraPd Ynrridided by a metallic

coatmgtsgn%g cgfc f az[)gv(f‘cnﬁrg)o%d ap altg acs gfxéxﬁeéé}l? §§t§l:i]1§ gl)Q(%T p guéh as, for example,
copperpuzqrmoldacthrqmeexmmm atmaser Pl For pisteHhelts 8t th%%ﬁ or the like. The coating
56 mayde B&ﬁ@%&asof e selnhedy;fey st iteridB. InhEi illusualivece®odimert,dhe30ret5H dstcomposed of

%6 ‘Ps cogxgélsgcl éf‘?xgzkér’}nTﬁJ l@a@lhﬁ %Q-bﬁpc‘i@d/f*r&@a aa”er@fﬂ Qnetal than the coating

copperandtgea) rate nmeasur enent
56 so Ll@f the gissimjfpr g'letal sH:.Féng| _]l?ndtl%lolG mtalﬂg‘;etd aht'h? Spte&?ce%“@qev t{leuleaed 44 and the
coating 46€ TR i@ érfaBRElectaicun tidedd 24 irseleegl tp prdvideTe ﬂ@ﬁvh@eﬂuﬁm’ﬁ% and so that it

provxdé;g\éhs%iﬁulgf%ue%%tebﬁce%lﬁlttﬂﬁbitﬁﬁg ?QY%g%lneéWah@t@bﬁmﬂ%sGﬁ%\w Jh;éhl, such as, for
r n
examp]F ﬁg)pF alvaa%P?cg éhrgmca |r1§)81l}“ent aelu mu mc&éel nrjon le:{nuxg a‘?l!))%% thL %I’ the like. I

ure
this ilhstmgive smipodimept, the fppd 44 is pq}gppyegpf 3/%9P alloart Thet rﬁaéenal selected for the lead

42 mayetlr%p h&BE leﬂﬁi\l'dr €RhSdatfirfp nikerihliFt S i@ inetbriel selettéd fokthelead P ds dissimilar to
the coaa.})§ ‘ §6d ﬂ}en gwtgﬁa%%ﬁévéen@ﬂggdﬁﬁ ar'ncpthé‘coi ﬁ%ﬂl@i}@usgé’as%ensmg junction

own technl ques

a5 wellp i |11b‘PFFaﬁ§e amPRRE G PREAL e fr 57 42  HPET pedShaqppnd 44 ar
advantSeidbilylcaiipted 3thaay 3(iy veowpesdite, of vinvetll-kiomo fitingd elei¢hi ol the leads 42 and

44mcg§{)§mﬂ9,§egg3@t her materi al s sw table for circuit

strates. The substrat IS rOVI
p IQE FoHrses ss?ms Ftarlfiaﬂd?f&n&,co g Haglogﬁén g ?oees é\‘lésllm Iﬂxe % &sxfmlar metal sensing

junction H&.eTHeaabld below lise et dl%sem@wktétcsmb‘natﬁmpw ﬁle@wcwlecmet ‘he approximate
mulmhﬁ%n%eﬁfurqu@@rana ﬂﬁﬁmﬁgraﬁlﬁl&%fﬁcﬂ@\t devi ce. A thermal
interface material 38 is optionally positioned on the
integrated circuit 32 beneath the Hd 30 The fhernal
Thermtoeevpic e| nBisEmilar Megl Grmpingsion o rpMesmupy Tempel | Jpmperature
s sugh as indium or well-known {logr mal pateeficient @20°C
plastic nhterials as desi red. A ther mal contrpl SYSE&Po)

Ll 2N

AQ 1 o oo

e A ® A | e ) 'JUQ
thérmal c¢
conjuncti

;uncu o LIIC T OoU d
bt ol éstem 20 descr
Rongfaptan @ ECu-45%M) ot ¢

o 'U”%;d oS a

bed above in
cal |

ar & conne
bet ween o

halugdel ObNI-Zads-2%AD t hi

eads—42 gn
- Eramelg9PHNE-107:§130.  The poi nt378f - con

s exanple | ea

b LT1€ 5145

nd—44
hect | on40 28

H 44, and

thaTird 3
whi ch fung¢

+tbha

L ADS RS sAck AgkRBCoUp!

cembabl i shes a di ssini

['ar nmge@al jun
e. The ot her

Ction 449,28
bnds of

L.oaoda
cIl T CcAaUuo
i nStrunen
{o receiv

C ﬁ!lbu ’-I-’-I- al © CUTITIECL

3C?rl‘ﬂ@n@?)(5|5 %’gl‘—’! F\ﬁ ut _si

sensi n]rg i nst |
B

0t O ghog ENsSi N

ument 48 is o
nnar fromthe

60.48
ber abl e

unetiaon
—HGH+—H

46 Sand pr
output th

hPlat™not her out put si

gnal 17580h as

hDo%R-10Rhattn ve of the |id tenperat

a visu
ire. The

SEmsI Ng |

nBhfinfent 48 may be a
87%Pt-13%Rhodium

1750

5.8

B

94%Pt-6%Rhodium
70%Pt-30%Rhodium

1800




10

15

20

25

30

35

40

- on the fhprma} intgefece metepial s a't“’rfée ‘I'eé'a*tfﬂc

vol tage neter, a sensing instrunent dedicated to
t her nocoupl e sensing, a conputer or the like. In an
wez@mpbary enbodi nent, the sensing instrunment - PEURM0OZ004540
Wavet ek nodel 23XT nulti-nmeter. The sensing instrunment
48 may advant ageously include a reference junction 50
and a conpensation circuit 52. The reference junction
50 i s advant ageously a dissinilar nmetal junction of a

t eS|mIartothesen unction 46, The. ref nce
R e
embodxmernpm:sa&t S4end e peting 565y bd vanigweras aeietplipfeeribgéabove in conjunction with

FIG. 3. (‘{—mmecrﬂsxﬂtlﬁs(musfrﬁlfve &HNodﬁllheﬁlf (5 G@xﬁﬁ@uhcﬁlom edtabiiEhad byCiaakath physical
erence . unc 50 at

aving th Er4
connect&nt?ét?we?rﬁg%leadf rag X%\W é' of &corif) i o axru?y be%%‘%%%g cﬁt{ylllgr%vmg portions of
the coafjrlgrF6tin 6w 58S Band 60 foas feekpbsaportronef U %@é“t drepierthe Igrdgh2 may be

compos%éljgihzo Fer SHdGhe leTaheA [Mefaanl-T L0 éo@Ber—%ickéI Witdy. Schig'B)}dy, [eQbtisTlg junction 46
onpensation w hout t he

consmtﬁ c[f AR tnitcghce bFWe%{h © SRORSK fore ?tﬁ gnedd Lgencp ssxmalar cog?er-mcfc:e? {ead %4 .The lead portions
58 and 6pefitixzoging 66 ey brerehibned prodny mnber oﬂpﬂﬂmlevee,rﬁe@ ag eviRsling. Ql??ﬁochemwal

machmln@ aflsmit4 cRkde &Aothem&plhlo% fb\ﬂhﬁiﬁ% DplBRARY iR afths 48h@d 60 may be formed
sensing junction 46 of the Iid 30.

w“h°“54{“{1;gﬁ‘{ g’bﬁatf‘%a?ﬁegwgur ned to FIG 3, which is a -
c Tosiusrativeicmhedimeptsof FISHS. 3 #nd 4 arainigpiediwpiiustrat thatthergpgd, of providing a
thermo&ﬁlﬂ@ it the 31880 bnom Ea&levédrbymhhﬁg d didsinsilar dtil e cwediismedyith the lid 30 or

. ude ent r talli
30 e FpiGRERY AT Fpen e BE o udbeaRhSatly

b Befewinp aspido BIG. 3, whyn fubly ass¢migeds ﬁl@ﬁlelmal inistiage prjaterial 38, the'lid 30 and the
thennamh%l kyaleth 4050610 sBSk orf ©OF ofeNAPirited GOREPEY Wisi thasgstem goémhled, the

mtegrate? rnrcq}:f‘ 32 fnafﬁe sﬁﬂcte%l té’lﬂkcﬁﬁgﬂkanﬁ%rccﬁ&l' perfol:ngagce tpéuﬁé én@ ltﬁgtemperature of the lid

coatl n

30 mor@gm 6@'@@ thet testtﬁé ugrgﬁlép st:rg,sﬂgéun&donﬁglméq. tPFasregs ng lﬁstl'tlrﬁ%/lg 9? It should be
understobd tH& icalicrvigl coniobastens #Q anditivantegystel dduif rgaydhe ot esijvithfonboard thermal

sensin Ccﬂcﬁi@?&f t}@}gp c@ﬁct&piﬁii’id‘ q s5§mt| t§e tmﬁéd)f Bk tHeinGk &ntrol FAem 40 and the
5 ead 44 IS co

mtegratgs aquuﬁ 62 Bgy geom rhtgrlegj tnﬁ:gnjmcg%q t ei,m mt r}g o?lhe tte:mr;fcratulrﬂle of the lid 30.
j bt focgoidGillngratiwteabpdiménsdhedpcotreetipefe rﬂfeaeaé cmle\mi%ﬁe lid 30 is used in &
testing E&ﬁexk @ﬁ&'e tﬁéhh@t%l Joh@ol SR 40Gs febitionbl 6n (KBLI@S0 b Gised & Rdiitaifl the

ted t
tempergtgﬁ 8%1 Ex? fntelg{ated cxrcaut%Z W, i§ %omee sele&edqg %e Isﬁgwe &\1& [1(!1 f(ﬂlmh an onboard

pr ovi | §sim
mennomw’almawmeqeﬁa’c@ewhfwtemgwﬁffr ng 56. Again, a variety

OfatBmiof? isindvSurfidilio FIE. 5|@ith issinekplaisd pitiorial eveumpdc BIGcdpp ér this embodiment

a heat s‘? éé%r Subgimttgl fo&ﬁU tgémal cEm%ﬁk@Pn 48 lnl-m@ e@x{ﬂ)mhm@ﬁt Qg;ﬁ(lted ih FI@N2. Like the
at1 num | oys of e or

embod}nrepug’tl:}%tzr '\l}%m?ﬁﬁﬁa f"fﬁ?ﬁ 1stxr}?gntf<1;051d}1ezf&bstrgte 24 an RS éraal u}terface material 38 is-
sandwicl@p petproeni tikles] 30ahd by intoFiated pipis B2 abs with thateed erplginiop the leads 42 and 44
are codpféa% tﬂglﬂm tPthe $Bnp Ik uREnt 88, SHe Misdi@Nar rRtal fRAsiGGActidNG is provided to

create :il \éotlta%e s ﬁ“ Qli)at is p{ckcz, h 8 bgﬁite ggnk%ém&ﬂn@ﬁ 4%d\)\;h91[ ﬁﬁlﬂgsénﬁﬁ’eq tﬂghd 30 is seated

lséﬁi&edt% éheéls 39 I ’H@ té'?)el,ﬂ% arrzﬁléement may be
used ml,JﬁEéxaﬁlﬁleﬁh @BPBteNG ofheHlEbr@it sp8em\@hdre a Heat sidkingy be used to advantage on an
inte grared cngcﬁﬁt rf&ttllxe\ﬁgal %{XR&%SH‘? Mhe nbd %nlgﬁlt rﬁa{yl e |cor§;§)|sc%%tf 8 GarfeTof materials, such as,

for exag»a{;aﬂ‘ugx@lgg,lfgl?%;r (?bvﬁb g@g luamf H%Odr% mglﬁal brf/)n \Rg‘tm““? alloys of these or the like.
The sexsrigdisirgmeny#8 mepbagedvidef wisimreferantd jprpgordf aof 2 PRS‘I'PG“SE“P@ circuit 52 as
desmgegalgesvhé,@ hagg 44 in contact with the lid 30. O course,

e &n gg}x?ngﬂco?]rﬁig f: mig4 mal)ﬁ%i: use? [Tt}'l?rg?a ! %a(s) rglsxchr%yu', I’Bgst HR?! ﬁglt L& 62. The fan 64 may

diss| unction
be contrélied by eptiprel Bacomireles 6¢- h’é“‘ fapsortioder |6ﬁ1°1‘“af Foetys ppputput S‘g“al from the sensing
instrunGeA (AR ifAdati QIS theltéifpetatudy aTtedid pb.eTHe\@enttdiler GEET iptirmedrthe speed of the
fan 64 %M dBIRG Rk Hie CathAdTgR m‘m@ﬁ%g‘uﬁ EroQkHAeHsdh ifsument. The sensing
coefficient. An alternate exenplary enbodi nent of the
lid 30" is illustrated in FIG® 4. In this illustrative

-»(D




enbodi nent, the core 54 and the coating 56 may be
configured as generally described above in conjunction
wowa/opd2@ 3. However, in this illustrative enboOOURBNT/)04540

the sensing junction 46 is established by making a

physi cal connection between the |ead 44 and a portion

of the core 54'. This nmay be acconplished by renoving

portions of the coating 56' in the areas 58 and 60 so
s oy B AR S oo i R BB B e
composhits ar ipegped intmiaclogle datitey intdgrated hF@“\ﬂH‘}PSlfqdh e sensing

] yAsL {hQﬂxvéﬁiox@91E‘)Slbcsstlﬁelﬁfblea@valneﬁs@ﬁ(fdﬂﬁﬂlobﬁfnﬂﬁmdﬂlahhﬁoms specific

embodxg&gtg %Yg gc?eé gh&wnlb?' oft ex e mgh ? lw‘rilr{gs &%QB\% begﬂ &&%Eeci iff @ga:l herein.

e coatin
Howevbreit slnid be emdesstoaﬁsbatnlmm\@pnws nogiatspded R imifgl ‘%wa“w“‘af){bm disclosed.
Rather,gﬁé 1H&¥hﬂﬁms ©eet AIDGSIRIGa Gk, efiE citinBiantpltemhbrs 2Bibg itiginiha gpirit and scope

tionally, the area
of the ‘g\:f“““‘c? ® g%%n"@ci ‘%}’ ‘EJR%J%%B &d&ﬁ%ﬁt toﬁ eI need ?‘/o r materi af

removal . The illustrative enbodi nents of FIGS. 3 and 4
are intended to illustrate that the goal of providing
a thernocouple with the lid 30 or 30" is achieved by
having a dissimlar nmetal junction associated with the
lid 30 or 30'. How that particular dissimlar netal
junction is achieved is subject to great variety.
Referring again to FIG 2, when fully assenbl ed, the
thermal interface material 38, the lid 30 and the
thermal control system 40 forma stack on top of the
integrated circuit 32. Wth the system assenbl ed, the
integrated circuit 32 nay be subjected to electrica
and/ or other performance testing and the tenperature
of the Ilid 30 nonitored during that testing using the
sensing junction 46 and the sensing instrument 48. It
shoul d be understood that the thermal control system
40 and the integrated circuit may be outfitted with
onboard thermal sensing diodes of the type depicted in
FIG 1 so that the tenperatures of the thermal contro
system 40 and the integrated circuit 32 may be
nmonitored in conjunction with the nonitoring of the
tenperature of the lid 30. In the foregoing
illustrative enbodi ment, the incorporation of a
thermal couple into the |lid 30 is used in a testing
context where the thermal control system40 is
positioned on the Iid 30 and used to maintain the
tenperature of the integrated circuit 32 within sone
sel ected range. However, the Iid 30 with an onboard

t hernocoupl e may be used in other than a testing
context. Attention is nowturned to FIG 5, which is
an exploded pictorial viewlike FIG 2 but in this
enbodi nent a heat sink 62 is substituted for the
thermal control system 40 in the enbodi nent depicted
in FIG 2. Like the enbodinent of FIG 2,-the
integrated circuit 32 is nounted on the substrate 34
and thermal interface material 38 is sandw ched
between the lid 30 and the integrated circuit 32. As
with the other enbodi ment, the |leads 42 and 44 are
coupled to the lid and to the sensing instrunment 48.
The dissimlar netal sensing junction 46 is provided
to
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create a voltage signal that is picked up by the
sensing instrunent 48. Wen fully assenbled, the lid

waweIeeat ed on the thermal interface materi abCB8SzNT004540

the heat sink 62 is seated on the Iid 30. This type of
arrangement may be used in, for exanple, a conputer or
ot her el ectronic systemwhere a heat sink may be used
to advantage on an integrated circuit for thermal
managenent. The heat sink 62 may be conposed of a
variety of materials, suchC&#IMPor exanple, al umi num
copper, silver, gold, chrone, rhodium nickel, iron,

What iptlginedigim al | oys of these or the like. The sensing

1.

| nsfruaEnt éﬁnﬂ?@ﬁ .be provided with a reference
junct| gg { ation circuit 52 as descri bed

el s"e‘%é‘?)é"rﬁél‘”éﬁgf?teﬂﬁ"%‘ﬁ?? gﬁ‘&? cooling fan 64 may be

us edjutiction @6)ox tvep djmBnilasmetls asocited with s did (3@ and@srvidiiegjthermocouple to
62. They,§adt oR dutPR Yigh® repREniaid o2 6 teéiperaiire@piht BM@b). f an

controller 66. The fan controller 66 can receive an

out put signal fromthe sensing instrument 48

i ndAreppirglas. fmari§iest enperature of the lid 30. The fan
CONdnrePchrdiic BGicc@m); i N-turn vary the speed of the fan 64

as nn‘?{&@ E&ﬂ%‘%ﬂkﬂ&la%uk‘h@wé’eﬁkbé&ean@f the out put

si gha e sensing Instr

sensiUpRgPR @P} ‘Efr%?]‘t“ss&@ ar F‘Fféls i‘sé‘?céal’eé'ﬁ‘e% Jﬂﬁﬁ gt@% AP viding g thermocouple to
conpens@biidranohtpesighal F@resanthtivand 2 temperaretof e Lid (3 056 may

all be discrete conponents or integrated into a single

devjce or rated, circui.t L d 1
i nvE‘fﬁaP’baﬁa“f?é’ygg’ éﬁrszcé" BB IS ‘@330\/ a‘flormcr)l Lsfssarro\/\%h*cl%%ra?jﬁ hyrg metallic
andcoatntgdﬁﬁawqwed"ﬁa)thmcta‘bw ®He enbodi nents have been
shown by way of exan‘pl e in the draw ngs and have been

de S‘I“ﬁ | b;gaq%itllsnoﬁ q? g‘}% or 51 Q’Jhgljeig 'theH(a\’eﬁ)\f @(;mpn'sés a%&HJCQmQ ?54) and metallic

undef’s vention i s not Intended Lic coating and a
| i nbeetep (PQ) syrrRanging ‘P? 'BEIF“a‘f corefthe drgiiqnddd a°m1ﬁé?5ﬁ‘éer‘“e‘ﬁ‘ ffesoating

I NV @issirhitin mets1lit Gad @¢stoudd to the dhefallic agatiogn&6). equi val ent s

and alternatives falling within the spirit and scope

O ey St s A SRRESR s i

C OMpatifty (6)) surokridihe (13 @etaflio kora k54 phddye Mbhaidn GIY quptlseé @poyrtion of the

an dm"é]v.ailnl‘,I Qééé én(arl di séimlarQltetatllY@eaq &5 b(ﬂ;bie@{o tff@;oﬁioﬁ of the metallic core.
assoclated wth the

I'id (30) and providing a
t her mocoupl e to prOV|de an out put signa
re pﬂ‘&@app:trats of elaigpfs 1ar 2,@mpmsajg @rsesipg inpthpaeht (48) (tqg:@’elvezhe opjput signal from

apP gk dlethfocodp®IPr i Sing: an el ectronic device (32); a Hd
(30) for positioning on the electronic deV|ce (30);

and a junction (46) of two dissimlar netal :
ass Bkt wpERrsArehimsor Picgmpr3ie 2ditem P FEYPHHE (g0 posidionabie on the 1id (30

t he kdve&mulihgtht @mpéonnedethalid.out put si gnal

representative of a terrperature of the lid (30). 3.

The apparatus of clains é_ 1 \[thr A %’H@" compg_lsmg
conmpreied obseptiRe tPReratisy o o eﬁf)g S G
- forming a junction (46) of two dissimilar metals associated with the lid (30) to provide a
thermocouple operable to provide a first output signal indicative of the temperature of the lid;
and
- coupling the junction (46) to a sensing instrument (48) to receive the first output signal and generate a

second output signal indicative of the temperature of the lid.

The method of claim 8, wherein the forming of the junction comprises coupling a dissimilar metal

lead (44) to the lid.
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11.

coating (56) surrounding the nmetallic core (54). 4.
The apparatus of clainms 1 or 2, wherein the lid (30)

waeoopniees a netallic core (54) and netal | ic CRPEX/URIP07/004540

(56) surrounding the netallic core and the junction
(46) conprises the netallic coating and a dissimlar
nmetallic lead (44) coupled to the netallic coating
(56). 5. The apparatus of clainms 1 or 2, wherein the
lid (30") conprises a netallic core (54') and netallic
coating (56') surrounding the netallic core (54') and

t hernf mdhibd dalald§ LoBsising opsesing the drtdgrated cipfuitt(Pd wirid m¢abripg the

cor N Aordeggi Ml ar nmetallic lead (44) coupled to
thégﬂ%rg?on of the metallic core. 6. ' The appar at us

of clainms 1 or 2, conprising a sensing instrunent (48)
t 0 The eeihwdofichin digopprisingicoppting 4 heatpink @) tortes liddéQupl e. 7.
The apparatus of clains 1 or 2, conprising a thernal
control system (40) positionable on the Iid (30) for
controlling the tenperature of the Iid. 8. A nmethod of
sensing a tenperature of an integrated circuit (32)
lid (30), conprising: formng a junction (46) of two
dissimlar nmetals associated with the Iid (30) to
provi de a thernocoupl e operable to provide a first

out put signal indicative of the tenperature of the
lid; and coupling the junction (46) to a sensing
instrument (48) to receive the first output signal and
generate a second out put signal indicative of the
tenperature of the lid. 9. The nethod of claim8,
wherein the form ng of the junction conprises coupling
a dissimlar nmetal lead (44) to the |lid.10. The nethod
of claim@8, conprising operating the integrated
circuit (32) while neasuring the tenperature of the
lid. 11. The nmethod of claim8, conprising coupling a
heat sink (62) to the lid (30).



