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WO 2007/ 098219PCT/ US2007/ 004540 A CIRCU T LID WTH A
THERMOCOUPLE BACKGROUND OF THE | NVENTI ON 1. Techni cal
Field This invention relates generally to
wotegnabed circuits, and nore particul arly t®r/us2o07/004540
integrated circuit thermal 5nmanagenent 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 boar ure.
Fol | owi ng at a@%@ﬁ?’ei‘gbyﬁgl‘%‘?‘ ﬁwgéﬁ{ CI%)ar d, the
i ntegr at ed Circui baéRcROURD e Bk Avisnetiomhi ch provi des
not (} )X aFPEdOt ective covering for the integrated
circuft I may also facilitate the transfer of heat
f r Shis tpretionTelagreatoaly Eintenict cirsitotig metPprticiarly aNserd cirouit thermal
mana@éiqiClyan@. or anot her. In the testi ng context, a
2. ther gabecand Aal syst emor "heater"” is usually
po%&a%lslr t?ﬁe?dfhcgminl -'walhlb emte-é-tl?xt%? ptrecﬁi;s%re rﬁotcintgtpo%r %.Q)Lt%t \thch is in wimn affixed

nt egr ate
o AP PILSTE S5 OPl PR R TYEH T Folips aH*‘t“E’Q?“é‘f’éH prinied it board,
the irgdgragd kitcuit & covalsjl e lgdwitid pelvidetnpd colxle peorvdtive bévemngtiyy e gntqpfated circuit
but 3@ bEORIIRACBe EASEA P ar FORGIR 1$t@&1tédﬁ@cuft KL ok Yoo g B R GiEeSr another. In

the tetstﬂlg cclnpct(? ? %@Y%lggbogd'o‘ s‘}Hén‘ ort‘ s%s\failgg?yéﬁ%d Qrptpéjﬁdt ll‘gmater 1s operable 1o

e _encount ere clrcuj.t perati o
nmm%@élgrtﬂr?pﬁx@‘uv of ih é’teﬁ_r%fd[fgflﬁta"f“h@ S?chrSSLFCt‘?y%“lg‘éﬁ’? ‘c §hc l’féeéﬁlefl 8rcu1t is
subjeppdip elatiridalrad pherpersaf rerfermerce topfime| freleigitine Bty whises thaigpgrated
circu§ i thicid digd Ghud pudBiicels BdvoGla tSdntrgniedad 0 afvdnl ditdtii€operation. Accordingly, the
themé@goul;(ﬁgﬁte% QQ.‘L\édQ&'&@/eQﬁhe tehﬁer&tm‘@ Bﬂﬁé :nt@ﬁé(édrcgm&t sgglfalu%r&pward and

hgfrgnl circuirt and its corresponding lid
Causm%rpﬂ’ fant fromboth a testing and manufacturi ng
St AR e wicdep ofthyjtgrmabepairamag) of an iesinted pirqyiy yndjith asrgipending lid is
impo@hrit Gorh bsh 4 Beihgiehe mamfacindg andipainto dehit Radrd set Mesnt sy idesrated circuits
inclull SRR AY 'e{fo@e tﬂﬁ ?e%kl{ ds R g:mgtgéﬂzrg %ews%@ Mevﬁz@ MM L6:RRbnal heaters atso include

am onlgoarJ tgcrm la<]10§e th at E]SC o} lilt ogc:d {m g’lﬂ upper :;ur acc, oft the?r qal ﬂcot?rsdcethg cp %ﬁulty with the
'S positioned on T he upperrsurfac

°°“"?5’6Eﬂa'ssét b aP‘f"fﬂi“’é’&tl"f‘"f} Sien v EEA e Prﬁﬁdafis 2 gtivefypgogdgneasure of
the tepriparbiughof theinthrgedonbdandividi Ge enbond thirenali dirtde gy the tegmd g elisystem

prow@&s@%hrﬁ@rﬁf a@ceﬁt@ll@ﬁédyﬂnyntgﬂﬁaerﬂ@aﬁw & 1@ khefnRecoh @INBRE A nLIFer provides an

acc&,p(a:{t]ﬂé' apc% atcg*&cgsg;‘e%g‘ &gtu ;!;c(aﬁxyé Jf @ Iﬂg {Y\@[‘e&ﬁ IEJ Glgugg Q&Qéﬁpgmmre of the lid is often

e on f-é nt rof stem
sed By %“Fﬁ?ﬂsif‘a‘é‘éaéﬁﬁfsébi ERET PERE T BF T T T BT 8y Bt s
inqueshien- t hermal control system neither provides an
ac oeploathijonil GRLHi@E Br NMBAsuE B tohpetdie: ibenpokat ufcasigiprobfl@chasa

TypclTl tgerm&glgp%r %%Brljlﬂlgtllo\é wﬁtbpfézg&cchtbhﬁd Le@@p Qﬁxéﬁl%@;oﬁg}c 1§ ﬁ@uglhtl 18’(0 contact
roni.cs, manuf

with the ln? ‘l%has tec! uu%xe szs thc%xiaﬁéaek of reqtrnéuag ct!c:rg]u access1 O Ehe [x¢$ w‘?imiam usuatlgfnot feasible if a

Sspecitica
heateg 'ﬁlél SrRRIEE HRRee cg%t RSP @Ituaggtaltqjﬁowde betgr acceﬁ,f%r thc probe may actually
incregs@ v @tmiaDndkanteat inheguensfeopatmpabawdeme [niegrterinerad ie keater.

I nmlﬂf&&zd&%hﬁg te@hn @I ShdhQs ﬂﬁﬂaﬁocnbﬁlg GRi@@1ydn I MPepalhway between the lid

and the rgnt)oqos(é‘l% lA%%rﬂptsntngrgmic%Qc%gs t@tg%l\m fgxhe tﬁ%r 55&68&%%& (Q‘ a%@te terr]nperamre

roug cont act

sensof fg the gl ofieEsing S| ’E‘ft?é‘“"r?é%" %“ﬁé‘gﬂf‘ﬁ\‘)\ﬁé{f‘f{e‘%’f‘g ‘Pf‘e‘ﬁrﬂi‘}’r‘f’ Frgtrot the
heating] levgls ogbcietsgatedpirtfite |1 id, which is usually not feasible

i f e Qb at@tiont dilcal t@@ﬂmrﬁﬁ@orwmﬁ@m el G of Bore of the foregoing
disadPlnBsgNt . Attenpts to provide better access for the

probe may actual l y | gﬂg {)E\&Mgﬁ resi stance of

the heat transfer @igse i nt egrated

ci Pogtordagsy dnt{a prs aﬂ)écét)félfc present invention, an apparatus is prowded that includes an
electronic device, a lid for positioning on the electronic device, and a junction of two dissimilar metals associared
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More renote sensing techni ques, such as infrared

sensing, again rely on a clear pathway between the lid

and the renote sensor. Attenpts to provide access to

whenobharfoor ei ther a contact probe or a renmaic®/us2007/004540

tenperature sensor run the risk of increasing thermnal

resi stance and thus significantly decreasing the

ability to control the 35heating |evels of the

integrated circuit. The present invention is
with the ltdeelgeetgnctiocn) %Vl thrym%go rperc(;jvl‘J arprgttptu%ng Jp%@cttﬁmg f aqagperaturc of

or d £ oregorn5 I'sadvant ages.
the idt N\VENTI ON I n accordance with one aspect of the present

i nivewtriwre widipnalppapat o $he posepriogitigedn cararpie inep idse Satdgylodes an
integrA QLK ART 4 1QTbGodBMIng & thinkedrkled @EuitPOS b fuh@ini GTGwOHssiil@ metals associated

ligc | J J hut & r&keSRdafle 0B temperature of

with o 87 O Fon B B Bk e S0 SR 003540 ’
“w“%mth the lid. The junction provides a thernocouple t

p r@‘@?“ﬁféaﬂwlé‘lj’f’(ﬁm asS‘?“g‘ﬁﬂF pf"’@ﬂ‘f‘@@@ﬁ’f‘ A ERpa&Fay§ is grovided that mcludes a lid for
an intd@i0g0 €F @l bide jonktich b Erwb Highimilar metals asfoniatad @i ok ilc Ehajprtfipn provides a

them@c@ﬁglz.h@ Eroﬂ@a@%%&tprﬁgtgﬁan@pr&fuﬁ&ﬁmf 1My &itlide Ofthe 1RN appar at us
IP etrcor f:e \%th aptt%her aspcch&%%%{esaegt tnvenl%g raggg%gratﬁé r£ Sryvdéetl % 1chkuges an

i oni ng egr a
IRREA A MR I e
with thd [, Thehjercjianpeividon tereybgiese @ovidser mircotgphlaertesenpiiewf Themperature of

the i@ HRMERYE csbonaluenigpr esent ati ve of a tenperature of

t hIlel accorg:mce w1th %&Q&r 95%&?&' t%]}yc&nﬂmtttﬁgr n?eﬁ’:g@gftseugtl thrﬁpemmre of an

present 1 nvention, paratus IS, provi
i G SR oo o Roer BB Blr e 4 Ao it o i o
provideltiptriooryplo braray ihiresdre prififstautoesiead! indisatiyp ef teetetpeipivte R el The
junctibd iSlcoudiftBo h $eAGH iDBuHOY EEE 1R firdh &RRDEHRh®geb@atddr seashdi@tput signal
mdmﬁ’&k OQIH‘E g,%erﬁﬁrggg;\e juepresentative of a tenperature of

10l n accorgﬁgé 3\:0?[}%:%% ct of the

present i nvent i BHC" at us i s provided that
| 8o Guireginande et ropcE ol ERion iibpegr PR ER°E FHiterly llowing
detail@Niedchi@io®dr@ OpdnoETtrencele icdawingnid whic: unct i on of two
di IS{@I m Jm%&pl&%ﬁ ﬂkt@rt:@%&pgﬂ aﬂgﬁgpi%tcghvénh&:ai didot-mbhted integrated circuit and
Junctron provi des a thernocouple to provide an out put
nal representative of a tenperature of the lid. A
h A6 X HICPRIeIod Biepiabtiow of o REmPplpg oo ingR ObIIFRRIER'S 0 [ fpystom capable
of cogrkatah dectragpécice ofl pohidingy eemmeitpf b teinpraturgoftet il mdeqfdance with the
prese @RSHiAY @ tenperature of an'15integrated circuit lid
I Sr18r3° y!l g'gag Bcc&:n’al%g"to'f nghcptfeptttwm giGS 8 'tamn a?srectt{g?‘g @'tnsdcdoﬁiance with the
formed 1n association wth lid to provid
H&™ it oupl e operabl e to prOV|de a first output signal
C i NABcHt ¢ yessefetioheioveofipreiieras aerpart fbodimept OWé‘deEﬂ“F@g fgihC- 2 in
accordaficeGarbl p: @@sehAn@nt®@NSd Ng i nstrument to receive 'the
- Figsts QM RUb S bxggx@all ViAn6k 10 ARELA L8 mBlnS SHAAGRWE RUbparatus or lid system

capab%ﬁgnal I H%R?C'%}El \'?E‘(ECOE\’—?}#{W r\{é%npér%%sﬁxterlf{ ng?fglge Ot%nﬂ)gra%%gf thcaligiegﬁzcordance

presegt

with BERFHeR AYEE°"of the invention will becone apparent upon

readi ng the fBIODGRIFOG CEARNINEPHEDER MPIETAORNd upon
I efn@f: @ﬁ@@gst Rschihg bgﬁvﬂ\ﬁ&ﬁﬁ@ﬁe uthetB k16 BénedllyGepehted whe@Rtlentical elements

appea? f& ero%q}%g or‘%l f%Erg r h@t&m nloxg‘% tQJ dr@ﬁng@ %6 k)ag{tc)é!aptg e mt}lef%nx@! shown an,

I.rect-nmunt rate rcu and
etploded pictorial view of an {»{emp}'wy%onventtona?gntegratec} crrcmt dic 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 posttioned between the 1id 16 and the integrated
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heat er; FIG 2 is an exploded pictorial view
of an exenpl ary enbodi nent of an apparatus or |id

syst em capabl e 250f covering an el ectronic device and
wpo owirdesag a neasurenent of the tenperature ofctdodziotlsw
in accordance with the present invention; FI G

3 is-a cross-sectional view of the lid depicted in

P10. 2 taken at section 3-3 in accordance with the
present invention; FIG 4 is a cross-sectional view of

mromtai% l(@%a&lﬁtglt@ ﬁl‘é Ga&%?ﬂiqﬁfc%c%qpqul&%?&tc1r81f1t 15 E‘rﬁi dl:cl liq Igje}pjhg};n%q:ontrol

devmea%?ds po%mned or}:tiwé}dalécftgzqg gcs? Lrog)aétam g? étr;leesxs ea to va:t’]u\le/ta\%n {] ft m%li;]rated circuit
at a seifetesd feparaure X BiRIeArSErs A bt Wemubw@@rd wayprigys S atigetime! anf gprlormance
testini® ystmmgaapa@dxemmfcomﬁmﬂremmg isafpatlk ettbthoniig adbvvase antmperature of
the mn@ér&\!& di-R0103s K@@%W AERLL o thatnnﬁ cd@BRGNAL Wi LieQfned BGrobiidboth a

oS IBEEE A NS PR RS T PR

contrah @iy, 1 ef erence-nuneral s are generally r epeat ed vvher e
I demtintgaltedelr@mhtendp pdales inpnpdaidihinteometfy guasuesment, represented

schcm-g{-ikranﬂr RGN 1he otal®. HAMRYSontr@ BEten20 F!;alhtﬂa:(i?)l,ﬂrﬁideﬂ it témperature
senqmg ’d1odtb§4 L%t IS Posmo%elzl%m@uc %ger%)ép &600(;@9 tlB&n%‘ (%Eﬂro‘fil Lystgxln %(W 293 notad in the

| circurt die
bk oo U 6 B AU oS5 g b o ol
sensing Aiodqd of the ge@apdogproaé,ygttnyz%fvlupp pesabletal progridecahneaguesmehs of t@ﬁg@eﬁtum at
the 10p QirfaddD6 b thd HrQalCANrBIRFHRAN UFtY nE pokied S a0ilra rf3lishid bREkE temperature of the

lid 16C gfle stlnl? is QQer fgletrlc tgernneﬁ) Eeps@r[g dﬁntlc! %lﬂgﬁd L(l@ﬂlkgrﬁapmw 10AF lleldg)de 22is

o bges'%) Sd VE tu ?dlg €
simply Bt KPR AP Ty 8% “u‘i"fatefﬁawrﬁf’f 1% e’ﬁ% i m 'acé materi al

| SFIGs2 wet sraletiad pistogd! vipvrfed C’B@t"m éﬁbqf'ﬁ'ém'l qf & APBrART@F Ifdfigstom 28 that
mclud’cnet epataed capWl 70D %ing HB2LORECTHEdIES2 ODA DMk 4DaccirnCugaburcment of the

tempc;leurtt & tlfeaaﬁ |3b | 21ig3d par 5&{1@9 sf @iy c@wtcr m@ atactrQ@E WeBM ot @sired. The
electronéc cf gi 6%3 vu%.?gy ang € ec%om% c}ewce W, :c% maez He 1A fe!i &%fgl%l _F should be

”“"‘“ft?f’é‘r‘*i*fﬁflhB ‘edofﬁ*tyrbé P d’é‘y‘%‘if@‘ﬁﬁf 20 P?”%"f MFIQSH@d In thjs Hﬁﬁ“ﬁ‘t"éthbOf*’ﬂ’é“‘ the
electrpritt d@girat2dchndnteecited tircat dia Be lngeked citcainjias mtraree owhpbiertet 34 gy direct
mountifhloR %@%ﬂm@d\% wmqu&,@ormuwbg AGH@ehtddQirdt@ bk ObEstchtON THE sudftrate 34

may b% :%oergg}o%]tﬂld %? weiilqcnow:P p%{sllwg rcggrgigs or %gé“ir{aggdls Ju[gzlbtet}ér?m{) uft g.ﬁghqzcs The substrate

34 is P?’a‘i’%eid ﬁfgh %_Ihlaraﬁx%W;éfnrdhﬁorf)ﬂgétdéxﬁﬁzé?eéx{,w éo LBf‘mergd tnﬁuéespecuve sockets on a
printejl qtcgg batdad othértype pirot@ingdevine eée@;ga:p}ynterﬁpq: rrmlglhm fsipationally positioned on
the infeft@Ed@Bloni COMkKcath th8 VG108 MhcABerhS intbeBdegRedal O mpy @\obiesdd 0f dmetal or

metal?su&pag léﬂﬁ{&&y@'?.@l[ mltlﬁxgnaf ﬂdg&tol" ;Qﬂm éH&'HIaqg%Elpe@ S Bbfnal control system 40

is posmfuhglg 4 on d gflcnons ai tge thennal controi s;ﬁ%em {(}ydtesémt%eg hbe tE Eon un(gxon with
FIG.- 10 nor nal l'y includes an onboard di ode for t enper at ur e

- MeRisdriceltent 42 anepresented whiebat Tigabinyofcenndeli@ betivedgypne of the leads,
in thlstcnﬁnp(ﬂé/l@dd 42.2ind t-ll;pﬁi Ho R (GRAEND kne 881840 48 QwHich functions as a
mcmgc&,ﬁgl% Al YRl Plﬁeqeav;\g thnmtq@rm&gc@etd% £ Q%%Qémﬁgt 481 Bl Sensing

I'S positioned on er si
msuurfnﬁ\é ﬁ%r}pe&agﬁtlor réqewg thg t'oét?ﬁc 6put ﬂgnaﬁ tac Jlu?z]ctxi)rhftg chapé?(vg.\;: éxa)mﬂr output
signalgguelt 4s @ Misuat cp}g)udtﬂﬁtfspxgllg:pttvyofalgag@@qn&pre@rew‘rl@q@exph@mstmmem 48 may bea

" voltagh @RME B idn@RBhstridagt Glicdidd i BSab Rk seddink] aComgutel & tichigé. 1h Reexemplary

embodiR&l:, TR sen%ﬁg &hme%&ﬁ& a%vaék £dA8 2L R OB LmER &BJSQ.Lm YSth BT 48 may
an% e a neasu [

advan{ag&oua;@;lp 15({11&1[9 a rezﬁ:rcnf:cH unc&ton 59 Ny r nszlgan cfrCUft gefl]ﬁ re?ereni:e Junction S0 is
ad"a“@é"r?t‘ﬁ%q dl%%*@fé?ﬁf%ﬂ%é& 2 et S'rplr‘aa&s«"uﬂtféﬂraﬁo Bedion Ht dharalsise gmotion 50
may b@eld re kienpersatiurce Tof cotmpresalionchird i 52 Tihventseaemely povitles ugnkoption for
any ditB@nctNE &%Lreﬁ@zﬂ&h@@byﬁh@@&he&gﬁ:r&ﬁe m@ﬂ)ﬂj 5d A& tenpdrRGE @t lan, for
circuit 10. The diode 22 is 15sinply.not capabl e of
provi di ng an accurate neasurg of the tenperature of
the lid 16. P10.2 is an expl oded pictorial view
of an exenpl ary enbodi nrent of an apparatus or |id
system 28 that includes a lid 30 that is capable of
covering an el ectronic device 32 and providing an
accurate nmeasurenent of the tenperature of the [id 30.
The lid 30 may partially or fully cover the electronic



10

15

20

25

25printed circuit board or other type of nounting

device. Athermal interface material 38 is optionally

positioned on the integrated circuit 32 beneath the

wo cboB30us2ibhe thermal interface material 38 maethRz007004540

conposed of a netal or netals such as indium or

wel | - known thermal pastes or plastic materials as

desired. A thermal control system 40 is positioned on

the lid 30 and functions as the thermal control system
3OS TG PRE T RRNE. ST UAAL R A EL Gl sy o
comp@@atiom: hfeulbﬁﬂrm’ PROFideeaoppRE S PO B EhRERA fn i B ErRocetion, e‘&d@’, event, the
sensinigMsinkbicSt 48 Xsapphte: b ead té4oteaindiffchrace|abrdss 8@ leedsttalpidi4s Rbsh provides a
measil &%{er@nlp@rammttt@é bedsmg Ldt0a 6t the WACC h I hnetions as a

t hgtgcqgoxl lS nEJ:o tumeg toeFI8 3 wlrwhe]g] a csma,SOff:ctEoI'r]lzﬁ Vu,w th v %0 %c gctcé In FIG. 2 taken at
ar 8" CERNECT Stru ensi n

secion rdt PupEevafge Frgboé'ﬁ’éwébﬂ e t“ﬁ‘é”“if(ﬁ’["‘t%@"é“’““dedq” @ metallic
mmm@uﬁpnhcaﬁgma#bémmmm%h@hﬁun@kﬁ@ﬁmﬂﬁﬂamﬁcpﬁ@#hd@hanéth@mwm
copp& lﬂh@H t,;olés LIGOE, rhoSibl, RIS, tvdi@ Uath, pRhuad) kol thedeSr the like. The coating
S6 may be {:ompgsc&/ %q‘ ti?f gaéten% %J)quage g%/) ?{ tﬂlt.) Hfh&ratz;l;réglbéiﬁ&ﬁlj vEchore 54 ig composed of

conpet S GHBFR SOGPESELH ) (HEPHD &Fﬁ?%“s"éiefﬁgﬁ st Tl than th ot
56 so geHyUtisimilgmetahwensing fuactioh A6 iaprtablisherst Gy eelivh bt opihg leaditfh and the
coatirg @R STHA @a&ﬁkﬁ&sﬁl%ﬂ&r%}(eab& ifse)AbmEb eisvitDakeica 3¥ductivity and so that it

provdeIl Ls.mﬂﬁxt rﬁ&al nT ce%ﬁtﬂ §1la E@t:dg%%t Ré-mxemamgﬁoﬂ%nals may be used such as, for
vant a f e a ref rencl

exam]&‘f)f’?ﬁ%ﬁﬁé’g‘?"? gcad u'?rgti,l fhtu 1w, almfahnum nigkel. iron, Cplatmum Ql{ors of ggs& orathe like. In

this ilyedivreaeiunst. (e eadftddsioppqsaof B “’J"‘E?hfé’f’ff o Bfer Wﬁ%‘ for the lead
42 mfioRinkyariot HeAistilar £8MSbAigy naterBL 60 ¥ thkGnateTikl gelacef &r dniget 42 is dissimilar to
the cda%%akcgﬁ 55 Qm%y maﬁ'ac'{:] g(l,t\deeﬁlthe RackNDAWEkLL &Re Elabe Bscd QEh@cnsmg junction

as wcﬁ lrr%ns 1§us£ratwc enfcolom%%tzhcén% (j;?l‘q}/gec eQ%eg ds -J?Xs c%ga%v Tgeel%—ms 42 and 44 arc

advaneaafe?g%:dwb@}edﬁ%&rz h‘b3°tbﬁéVa¥ %ff"’é’r‘*é‘ﬁé’é‘“j‘ FIEEP R 85 Bt the a0 42 s
44 in t@npendthatieé3®t her than, for WO
208¢. JOQ'&,S%JAQ B%@%Q&?é&&é&%b RXAEPee 1o O B1sHORLdi s Adr ki¢tal sensing

Junctxgn é% t[‘ﬁe tﬁ) e%fé\qf ldsry{}g leo%ns I%Qa_l_ﬁxgtlilll cgmlggatlbrgl tge tﬁérmé;m th'e )&%d,:ppromm'lte

enperature, suc conpensatlon circu

mi“%%?eﬁWﬁW?ﬂ@”%ﬁﬂ%@ﬁ@%W?%WFﬁfqﬂﬁht the need for a
reference junction. In any event, the sensing

ThedmddobfIENT  BissitBar 281 @bhMnton S 3nlﬂenfnhhﬁ 1P@p.eNt | alfemperature
dl%gr ence across the | eads 42| and 44, whic Q[iogt\flc‘glﬁ%@zooc

asure}of the tenperature at the senS|ng junction
46 nf thn | I r‘l 30 b.onow.trnad A CL.cAnvYs8eC)

whith is h"®¥ oss-sectional vie of th8 Iid B0 deplcFed
in FILG 2| PerepandpS*aacdbioil 3-3] In this illiistrative
entfodi nen

Chrptagd (PPE-506Grhel udes a cérthal netal | i @028

'—'\Affnnfl oR 1

7

core 54 sunhoedigedibypva-2nebal

c coating 56

The core

54 Tmy be| camposed of a nyriad
mat eri al s| cedehandssyduoisygisanpl

of di4%®erent
P, copper, Si

net al 40838
ver, gold,

chronme, T hoghbdd —al uni num nlc

al | oys of | LAesG Q5sddiGsbdbe.

Kel, 1ioén, pl
The coating 56

At T NUM60.48
may be

nnnnnn A
oS€a J#lathE Sate—tTypes of
enbodlnent the C

illustrat|ve
10copper A & Ly A ek
| edd 44 i Pl@B’H‘Bosed froma dif

coati ng 5p3%a+-ilathodiie di ssinj

ret-et llagcp n
bre 54 1s com

till ) 5.88
posed of
'n r\lza! The

dof
erenﬂiﬁﬁtal 1

ar_netal sens

han thég
51 ng

jungtion AB%PE6ERRdll shed at
t he | ead dhramdostiiediavati ng 56

he it f ace

bet weerf

The materi al

s sel ected

—for—thetead 44175 Sefecredt
conductivity and so that
nmet al
of materials may be used,
silver, gold, chrone,

such

plati num alloys of these or the I|ike.
the |l ead 44 is conposed of a
sel ected for the

illustrati ve enbodi ment,
copper nickel
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An alternate exemplary embodiment of the 1id 30" is illustrated in FIG. 4. In this iliustrative
embodiment, the core 54 and the coating 56 may be configured as generally described above in conjunction with
FIG. 3. However, in this illustrative embodiment, the sensing junction 46 is established by making a physical
connection between the lead 44 and a portion of the core 54, This may be accomplished by removing portions of
the coating 567 in the areas 58 and 60 so as to expose portions of the core 34, Again, the lead 42 may be
compased of copper and the lead 44 composed of a copper-nickel alloy. In this way, the sensing junction 46
consists of an interface between the copper core 54 and the dissimilar copper-nickel lead 44. The lead portions
58 and 60 of the coating 56 may be removed by any number of techniques, such as grinding, electrochemical
machining, chemical etching or other well-known techniques. Optionally, the areas 58 and 60 may be formed
without the need for material removal,

The illustrative embodiments of FIGS. 3 and 4 are intended to illustrate that the goal of providing a
thermocouple with the 1id 30 or 30’ is achieved by having a dissimilar metal junction associated with the lid 30 or
30, How that particular dissimilar metal junction is achieved is subject to great variety.

Referring again to FIG. 2, when fully assembled, the thermal interface material 38, the lid 3¢ and the
therma! control system 40 form a stack on top of the integrated circuit 32. With the system assembled, the
integrated circuit 32 may be subjected to electrical and/or other performance testing and the temperature of the lid
30 monitored during that testing using the sensing junction 46 and the sensing instrument 48, [t should 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, | so that the temperatures of the thermal control system 40 and the
integrated circuit 32 may be monitored in conjunction with the monitoring of the temperature of the Iid 30.

In the foregoing illustrative embodiment, the incorporation of a thermal couple into the lid 30 s used ina
testing context where the thermal control system 40 is positioned on the lid 30 and used to maintain the
temperature of the integrated circuit 32 within some selected range. However, the lid 30 with an onboard
thermocouple may be used in other than a testing context.

Attention is now turned to FIG. §, which is an exploded pictorial view like FIG. 2 but in this embodiment
a heat sink 62 is substituted for the thermal control system 40 in the embodiment depicted in FIG. 2. Like the
smbodiment of FIG. 2, the integrated circuit 32 is mounted on the substrate 34 and thermal interface material 38 is.
sandwiched between the lid 30 and the integrated circuit 32, As with the other embodiment, the leads 42 and 44
are coupled to the lid and to the sensing instrument 48. The dissimilar metal sensing junction 46 is provided to

create a voltage signal that is picked up by the sensing instrument 48. When fully assembled, the lid 30 is seated

- on the thermal interface material 38 and the heat sink 62 is seated on the lid 30. This type of arrangement may be

used in, for examyple, a computer or other electronic system where a heat sink may be used to advantage on an
integrated circuit for thermal management. The heat sink 62 may be composed of a variety of materials, such as,
for example, aluminum, copper, silver, gold, chrome, rhodium, nickel, iron, platinum, alloys of these or the like.
The sensing instrument 48 may be provided with a reference junction 50 and a compensation circuit 52 as
described elsewhere herein .

An optional cooling fan 64 may be used to force a gas, such as air, past the heat sink 62. The fan 64 may
be controlled by an optional fan controller 66. The fan controlier 66 can receive an output signal from the sensing

ingtrument 48 indicative of the temperature of the 1id 30. The fan controller 66 can in-turn vary the speed of the

fan 64 as necessary depending on the value of the output signal from the sensing instrument. The sensing
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of the invention as defined by the following appended claims.
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An apparatus, comprising:

a lid for an integrated circuit;

and a junction of two dissimilar metals associated with the lid wherein a portion of the lid
provides one of the two dissimilar metals, the junction providing a thermocouple to

provide an output signal representative of a temperature of the lid.

The apparatus of claim 17, comprising a sensing instrument to receive the output signal

from the thermocouple,
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The apparatus of claim 25, comprising a thermal interface material positioned between

the lid and the electronic device.
The apparatus of claim 25, wherein the lid fully covers the ciectronic device.

The apparatus of claim 25, comprising a cooling fan for forcing a gas past the heat sink.
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The method of claim 33, wherein the forming of the junction comprises coupling a

dissimitar metal lead to the lid.

The method of claim 33, comprising operating the integrated circuit while measuring the

tempetature of the tid.

The method of claim 33, comprising coupling a heat sink to the lid.



