, ;rse3eol (6THNI2 3 J UL 2002 APPARATUS FOR CONTROLLI NG THE
GAP:D0l STANCE The present invention is generally directed 5&\3 IMEJRﬁﬁaﬁand

. methods for controlling the thickness of the gap between an el ectronic
ci‘trcuit chip and a lid, heat sink or other cooling nmechanism Mre
particularly, the present invention is di rected to a systemin which the

S|zeoftheg|9A .,-.. ,. aa‘“ ; o0 .a‘l_'au

control |l ed and=ev SANJOLN f et—so—tha Y-s—gap made
to be as small as possible vvithout deI eteriously effecting the assenbly
process r chi tegrity. Even nore particularly, the present invention is
di rect w mwﬂ @m m for controlling the th| ckness of thermal paste
mat er i et ween eithgﬁasma% nufti-chip nodule and its
lid or covefﬁooooa&s devi ce i nt egr RAFEErouadat the Vﬁ“HH“l ncreasi ng, the demand
for a nore efficient solution to the cooling of high power electronic
circuit chips becones an even nore inportant ingredient in achieving
requi red syst emeepfescrmimmtioif ﬁmgamsealkyrdittehed mmktnwaxeearmkmgmbdi fmrcool single
chip or mufti-chip mdul e th desi rapl e because af s |C|ty
and hi gh ¢ pRrAlin %@Piﬂb‘F Pﬁ’ﬁﬁweﬁaéflé@CHP’éwﬁF%t ohgp 2 tﬁlyks mal |
particle c P@ag | ean
room envi rgﬂ%ﬁ%@imﬁ eﬁﬁiﬁg&g act ?L‘&}Cﬁ@@%ﬁ‘&t@@ 1?26 ﬁg{e{%r%lgau@ gésenbl y
costs. Fur e whichhke sioepf thapap bedweeh eiegitcufaiipemdahd hdver hdaesinkgs absor b
mechani cal tol erances that are associated with chip hei ght and hardware
vari at i onscongplisdand everamorpenarbenlady cotolled so thabthis gapdmmade & bhes erll as
el ectronic e its

PR b e Rl e Ra e Ry AR BB iR, B0 {2

correspond

and sol der mcge patit@idrly, qhbpiebeﬂthﬂv@ﬂdn @dﬂdlpecsddrtbacsgaemtfshcdnh@umghﬁa the
solder is reflowed, a joint is achieved between the chip and the |id.

Sol der hasthickness of thevmaé pgstg mgtqriap dpposeg beherenitherntingle chiptoy natwhin en
tinmes the h{?ﬁ ndcﬁrl{d C|O\\/,;:[ty of the best thermal paste available; hence
it provides a signi i'nprovenent in thermal performance over thernal
pastes. However, the corrpl i ance advantages of thermal pastes can be

achi eved whil e S|nultaneously i nprovi ng thermal conductive characteristics
t hrough contr ol A@fdeﬁwﬂ@wmtl@k&fé@b keﬁppnencg@a@mgethﬁé@mae%f% agnerelafgeientt j s
known that _jt d or, el ect Lc.device e
tenperaturéOluFlon A ance ffbl o rr‘gl(ré]rcéelgéz}ﬁo e clu?t C%fp S%eggﬁ%saan ?Vgﬁbljzlio(r%g cularly
true for C&tﬁﬁoﬂ;ﬁﬂlufgesdmﬁtaﬁeclﬁexhag%qmu@ystaﬁ pleffoﬁﬁarmer Theltue ¢htheturepaste
approximately a 2% gain in system speed. To a first order of a?prom mat i on,
the tenper &F geldospol viegle ﬁmp qrgmg}]:u;:@pp I@Qd‘ilﬁ@s hlghly desirable because of its

simplicity and high thermal performance. Thermal pastes are also not impacted by small

1

particle contamination; hence, module assembly can be done in non-clean room
environments, which is a factor in helping to reduce module assembly costs.
Furthermore, the compliance of thermal pastes allows them to absorb mechanical

tolerances that are associated with chip height and hardware variations.

An additional method for providing efficient cooling for electronic circuit chips is
the use of solder between the chip and its corresponding module lid. In such cases, the
chip backside is metallized and solder is wetted to both lid and chip surfaces such that

when the solder is reflowed, a joint is achieved between the chip and the lid. Solder has a

A
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, follow ng one-dinensional equation: T ~n~P =T a + P-n~P'R ~# At -
‘~x~‘.'lyn the case bf a single chip nodule, the nodul e power eqzasjumg
. power, and the above equation sinplifies to: Tch~p = Tam+ f ~n~P " (R ~~ +
R ~Xc ) In the above equations, R ~ represents the internal thernal
resi stance of the nodule, that is the resistance fromthe chip up through
t he ther ; e.lid g ept t her mal
resi st ang?h gx e_trcﬁg &tﬂté’g? ﬁwg%fluﬁl&qus Ehﬁa e?@gﬁf%gﬁﬁva{ytog} ‘ii%%tm élleEr‘{Egli rface
pl us the heallaSleNence st prbANELa sipmeicadiimProvemeheaithdtthaPhdresiidnce over- 2 3 J U
L 2002 The internal thermal resistance is conposed of three resistances in
series: ~nthernryipapies: Bpwsver, the RpingligSioa@dvantiages pthegnalypasteatdnbanatieevell a
hi gh thermal. caonduyctivity. material such as alum num. the thernal paste
Feat'st ancehi Saanraskimbaning Borot coltnde FRarAL<t Ruphel sl o ance,
R',. Reductdsennficntdien VP%'ﬁtc i &gt ance is therefore a significant
factor in eSduci ng th% ﬁ(}\%a@ef eviﬁle tenperature. The thermal resistance
of paste is given by the follow ng equation: Rpaste - Lsap ~ (Kpaste X

and nodule |id,

Ach~p where Leap.is thickness of the paste befween the chi
Kpaste is the phdt EIHRHAR S assHaRle o dsrtonRlexicet 19 nerateal lqWdsmppraiiyes

chip. 1t i frehefced paifbiinde SPIASIAN 1He: thRNGHyARer ERPaSEed her mal

resi st ances, aste~ can on?y e acconp via €éit reducti on of
t he paste whgrea W8 Gurdhdion(ihitympataturepredises approkienatdien 28d gaondsystenvi ty of
the ther rraépeggste.

To a first order of approximation, the temperature of the chip is given by the
following one-dimensional equation:

Tchlp: T air + P(:hipx]'{ int +P mod x cht

In the case of a single chip module, the module power equals the chip power, and
the above equation simplifies to:

T

:Talr +P X(Rin+cht)

chip chip

_ In the above equations, R , represents the internal thermal resistance of the
module, that is the resistance from the chip up through the thermal paste to the module
lid, whereas R, represents the thermal resistance external to the module, that is the lid-

to-heat sink interface plus the heat sink resistance, including air heating effects.
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Current designs use the conpliance of the thermal paste to ac gnaiﬁ;
_vartatlons in the thermal paste gap. The tol erances are mainli?0 ri 62302

the tol erances on the chip thickness, tolerances for the chip solder balls
ahd by tol erances on the hardware ans substrate. The statistical variations
of these tolerances are typlcally between 0.003 to 0.004 inches. Since the
thermal paste Tﬂyﬁﬁgxﬁ t%x‘fr?al r& a%cgri)s bt @kdeX ﬁ?ta%&g 6:8?3?&:@ s
squeezed into very sral gaps, I nt o gaps {ind Inches, any
single chip or nultl-chlp nDduIe should be designed to achieve a therma
paste gap of at _l|east 0.007 inches under normal conditions. The statistical
maxi mum past e ggﬂ:iﬂeﬁeﬂ&me+}§becones 0.010 to 0.0l 1 inches. 23J UL
2002 4 If solder is used between the chip and the nodule lid, it is stil

necessary L CoSThY Bl i UR ARy O ABR YRR, PLBARANAT AR iyt T

ther mal peslhaif@ACHe tlietmalameerreﬁs@n@ld tmbfge@t ddhebuased tHahimil fiRimal
controlling the t her nal past e ggp is also enployable to achieve optinmm

sol der fi | resistaphgd.. skedvstionmps alnprmbeasmemﬁfpa@etls drereforedesignidicantifadtot y
during thernal n ccordin via the present invention, thernal
past e cool }nﬁad%%ﬁ%hbeoq/%aﬁ ‘féffcreﬁ%‘ﬂa%ff? WIHd the sol der thermal int erface
beconmes nore reliable. (It is noted that it is the higher thernal
conductivity of solder which tends to reduce design tol erance problens as
conpar ed with t R&e thesmok resisienemd! paartie giveohg Yhe foHlewmgeseation: nvent i on
provides a structure and a nethod for controlling the gap between the chip
and a module lid while still maintaining the chip and its interconnect
structure mnthlpﬁa §@ele@% nwigonment. The seal ed package is desirable to
prevent noi sturefonfont®¢ti ng®the chip, particularly over |ong periods
of tine. Accordlngly t he |nproved use of thernal paste cooling as

enpl oyed in e tlon econe e en sol der
based coollﬂﬁrgﬁsﬂéﬁﬁqﬁﬁ %9@%3 ﬂ%@e%ﬁ@ng 1%E% MS P?“Bf t he

| nventi on di [eS qﬁﬂﬁ ni c
chip assem{:)H%nﬂlzﬂgé &?g(\g/t:mgyd%%&méggﬁﬂtﬂ % gﬁ%ﬁ%%f RFg%%ds}t e t ﬁ)ﬁges% &%ﬁp
particul ar redacismbef lﬂlaq)esthdwmgl xeh1etvah¢ascﬁ11a5[ecmmchmb)sr&comppstwdl \d:eehthanget her
with an electronic §$rCU|t C |g n@ is.affixed face dan to.the Hbstrate
so as to mEIUCEPREt (e PATte &g iAe ARgRt We AR rse i g thermat (P ndnar Ee Rt cal
conduct or s g hhsasgubstrate. A thernmal paste is dlsposed on the non-face

down side of the circuit chip. A substantially flat thermally conductive
lid is disposed over the chip and in thermal contact with the paste. In one

enbodi ment the |id possesses re nt al t nt t han t he chip and
therefore has a le”ﬁ{f%ba‘?sﬂ%ﬁlse\ﬂ} gc‘r?“ﬁ\i‘él%ea(ntab &‘ﬁ tﬁagt 0 a%ogngor{zj tq 2002 -s
The |id hagafad®iiah ehanngpadh sROSERE M@&&b@ammnﬁyemk@w hanorkarteson
sidewal | s and a bottomintegral wth the lid e sealing ring is

seal abl y ditlspdsp thickress, rli@lomgtqs far tgredipt smédqneahlqomerw tol‘eranlqes euthsthagdveare

Seal ant is disposed th nnel so as sea ween
Che of dewn s SRTE e Taaiet s ttrs of MRS Sramep et b wES Ags T hat
extends at th 09k iR@lek| 8lrc¥ tﬂﬁh%ﬂ?aﬁ@aﬂﬂ%ze fbRc@B&YsNY expbhcktiE BB the

descri bed, instead of enploying a
channel i s pdétspospuedad inteeverhemathpaps, d)@hkﬂm@tplg\aes widgr 8:943 ancbes.raas p’@ﬁ&ﬁ ng

mal e ce|I|n ring is .di sposed,on the, subs Thi,s ma gio
Possesses AT AR FEER R RIS MR h s Hrfiset e arer Bt B etprot Pl

ext endi ng 040 BERdsAMdeMibrERl e&m&ﬁom@staﬁgmmakmrﬁg@m B memOr@nd the
sidewal I s of the fenmale channel receptacle in the lid portron. In yet

anot her ar repgepedl1deseOl bedhewhi ch al so enploys a fenmale receiving ~ s
channel in the lid, a T-shaped male sealing ring is enployed. However, in
this arrangenent the nmale sealing ring having a T-shaped cross section is
di sposed al ong the outer periphery of the substrate with the normally
vertical portion of the "T" being disposed in the horizontal position
sealed to the substrate. The normally horizontal cross section of the "T"
extends upwardly into seal ant di sposed between the nale sealing ring 20 and
the lid. This arrangenent is particularly advantageous in those situations
in which it is desirable that the lid extend beyond the substrate. In such
an arrangenent the lid not only overhangs the chip, but also overhangs the
substrate. This arrangenent is particularly useful in situations in which
greater thermal heat sinking and heat spreading capabilities are desired.
25 In yet another arrangenent a femal e channel is provided in the |id and
an internediate male ring is first sealably affixed to the substrate and
then subsequentlally dlsposed mnthln t he fenale channel portion of the lid.

- . I g o,

emal e channel on the substrate, a fenale -



. 30 channel which is disposed within the Iid. The seal ant herei
curabl e pol ymer or sol der, as appropriate. 2 3J UL 2002 éTanﬁéE 2002
anot her arrangenent descrlbed, femal e channel portions and nal e sealing
menbers are not enployed. Instead the sides of the lid are nade
sufficiently short so that seal ant nat riaI may be enployed between the |id

and the substr As us her ej.n the nded erence is
made to porti c}ﬁg&\%ﬁﬁ 18!’1‘3%1 6‘8(88% ebC P’f?&ﬁll%i fdhqus Fltcll p%cgﬁstag I or

vertical cohdidérsthBQARE tyRWIeSign E&&%néé@%%ﬂﬁh%a@?%té gload i %1le|ﬁasﬂe$%§0
essential that these structures actually be oriented in the positiohs shown

inthe f |cgutrrelsfoaau|lden1s pat ad critical tot thexynalmyrf@@lanne/,em eppammmrmmsémm n

directiog gﬁg ? fron1 hat. shown or in fac rot %1 amount from

t hat whi I"ISC Tt F4E Ciogtr% 188 thiohemal 2AYF 828 K SOc‘i”ﬁ1 1‘?: 362‘ Pbssess two

sides On r e |s the
gp d}ﬁ'ﬁf?{} ('sﬁ]l1 V\ﬂﬁll%]t sﬁ% afde tﬁ s38n Bhvd ﬂﬁnﬁﬁbpoﬂqu ri‘@h htg dalﬂlng

face up ctrlca Connect | ors are mad
an obj ectthafnal becljipe Yestordinylentia die present mwmkmmttrmhhmsmmﬁ@aéaimes for
controlling the thickness of conpliant thermally conductive materi al

di sposed %mé%%eat eﬁﬁbe aotdertheimepl Herdaddiecemaey fﬁ@‘leéeb%hlﬁr Jt isragted BRt i
modul e. 1§ Hesm crqgé c %%&cglglrtg{)fefoqﬁ'ﬁ% f&hhsot% %&c‘emg ?olg{lﬁcél ow of

heat avvay an |n egra VI ce 'l ano er obj ect of

t he presqmbbkﬂ%e@hbﬁmaﬁﬂwkmwﬂﬁaﬁeofﬂﬁnﬁﬂ@hﬁkmn@dﬁpeed of el ectronic circuit
chip devices. It is a still further object of the present invention to
provide thermal advant ages both for solder and thermal paste systems.. It
is al so an obj resent . inven iLon t re tistical
effects of varlﬁgﬁ Preﬁentluﬁvet% PR PLgY eeslanStagtéle r}%a elﬁégtf rocrﬁnim@mgcth?tga%hi p
nodul es. betweéh theWhlp 202mbHule3idalSite @il 1BneEHin® thetdheh EBEMterbsMRBE | ON to
reduce the gap between a thermally conductive I1d and an electronic circuit

chi p whi ciirucsire id tys alsealediemsyronment. i tha ssalgd ppdtagnisedasfrable s pretvent
apprOX|nateJ

d bj
ot he. prnSishiee ficta et R St i) thafihut: Wie FfodF 65 hRs  Aesp 2y ©

t hi cknessihefimphfieialse @ﬁﬁkenﬂlqsaefelc@bﬁn%gg PRPRIDa1 e PhesehEfVERIdhbeebmed t
chips and their containing packages scription of the Figures The subject

mat t er whinere ¢ficicagandledEnas enéaaed\sceﬁltlmgﬁ’yswglsw&mmeev«mthyt Ipu¢her: out

reliable.

Summary of the Invention

In a preferred embodiment of the present invention an electronic chip assembly 1s
provided for controlling thermal paste thickness. In particular, a substrate having
electrical conductors is provided together with an electronic circuit-chip which is affixed
face down to the substrate so as to make electrical contact between the circuit chip and
electrical conductors on the substrate. A thermal paste is disposed on the non-face down
side of the circuit chip. A substantially flat thermally conductive lid is disposed over the
chip and in thermal contact with the paste. In one embodiment the lid possesses a greater

horizontal extent than the chip and therefore has a lid portion which overhangs the chip.



‘and distinctly clained in the concluding portion of the specifi i qm
i nvention, however, both as to organization and net hod of practm SULTﬂmZ

together with further objects and advantages thereof, nay best be
understood by reference to the follow ng description taken in connection
wi th the acconpanying draw ngs in which: Fi gure 1 is a side elevation view
i n accordance with one enbodi nent of the present invention which enploys a
separately n . o Fl i .

or a5 sect | Dol 876 HRAERA e ORI Phe i Eibupel Saslidenalls agd 4
present i nvertoomtegralWhiithhtha lid shapede rsea‘laigv'ring is hsaalakly dispgsed\dodenuduslyt he

lid structure; Figure 3 is crosset si de. el nV|ewof an
enbodi ment - 5puad ¥ gr ey Sf fyShETEIE welh! Brfifhoge! Kb Fenalh AL s o
seal i ng ri ngSoiyh séAbBEFech MR ﬁ@éivdll%ldf‘?l@e cHAAAIGATR Vedtidal BRA FottioNBf Gkirflg;
Figure 4 is a cross-sectional side elevation view of an enbodi nent of the

present 3§ nviBpaxgands at it pprtially esetha dhgnedlannel structure is provided in the
lid; 2 3J UL 2002 Figure 5is a cross-sectional side elevation view of
an embodi nent of the present invention simlar to Figure 4 except that the
nmal e sealing ringnshothet arangement dgastied, asteaddf teimlqya’ng’ plfienyle ohartnkkon the
substrate so,as .to provide for the possibili | i tend
beyond bot HIPHEEn A AR elonE ehehgumet i dte ihetinaltdq condiee, B8 & ne
invention Tdereppchgaipt rdafév@éihﬂg)ﬂngrlbai‘%ﬂ&d be th&@ﬁmﬂatdoerrhgr MARCSalhg ring

el ectronic rmdul e packages which are ned for increasingly higher power

| evel s #s aPQS%ERSta arshapRd etgs gecien with ﬁrﬁ e Heali powtions gEdlee Fhd eylending yinto) n
particul ar steQﬁ.H }s HIYEHAE | SR B OYed dﬁg{%ﬁ]% ahd s %ﬂé‘tolfsthé %male

reduci ng the errra paste gap I1h a sea ronic rm ul'e or package.
The advant adpenud] redeptacienn éretlidyportien.t hat it i nproves nodul e t her mal
performance by providing a shorter heat transfer path between the chip
device and the nodule lid by using a direct thermal gap approach. The

?ﬁal ed rmgul e Weelhﬁyea:ahothélodltﬂﬁ%geﬁegf 06TEHDER \fahﬁdh a8l ab;?lbyé 't ﬂe?qw fbeleéieimtgs.
e area et wee I he I P evi ce surr.aces Is als prerera
control Ped §haAng emth?sLJa{ ﬁxﬁgmq%ﬁl SEAlDGS TIRE lﬁe‘E‘HEIIHV‘E‘gI Hewryss fl% thist h

the result ihabehbf tﬂpﬁuleeséaﬁngﬁﬁgmauhgtaeﬂsmﬁea cRos¥ &bk 1% df’g%géat algﬁ%a{he

joint. There IS a decrease in | eve tol erance bui |

chi p devi ceovdgrdperinheryi af $he pulstrater withi the qrorpakl e fvertioat eartisn ﬂ’gﬁrﬁs“Bf beingse
mechani cal ts
are not pro@%@@%ﬂnt%e hbﬂz&@ﬂﬁg@ﬂﬁ% ﬁ(é?to"\ﬁl% ﬁbs\ﬁ%ave ea?&@agp glf) ?ig |t2c1:11a(i%gg

t ol er ances, seékmsn efkthapile exteﬁidﬁ)ﬁﬁwm«immﬁﬁdeailamc Idfsposddldamwm thasmaig s¢ahieg dingect

gap approach he tol erance bet n the chi uced
o appr B rdRs i gt e RRRN S PR RE et el Ba Rt Bivaliths BoBRNRT o

0. 003 to 0.i9@sitant@at fhiedld exteiENdyoHs theesidstratt. In Qloh aah@szembht thed@Pnot
di mensi on and tol erance reductjon translates to significant thernal

i mpr ovenentOnlesQEEIaes ihe ik BE psReresanangs e ppraRanples grangeent is
consi ders &@&arvyhﬁé‘cmhﬁ sitdatibRs O whRGheredidetmehh Ahedi SakiRALAS hEA YPrdalifhe

then with a thernmal past
capablhtles are desired.

25
In yet another arrangement a female channel is provided in the lid and an
intermediate male ring is first sealably affixed to the substrate and then subsequentially
disposed within the female channel portion of the lid. As in appropriate arrangements
above, sealant material in cured form is provided between a male portion and a female
30 channel which is disposed within the lid. The sealant herein may be curable polymer or

solder, as appropriate.



2 33 UL 2002 9 conductivity of ~ watts per neter-Kelvin, curremt
designs (at 0.010 inches) produce a 35 drop in tenperature acroszggthgjB 2002
thermal paste interface, that is, the chip is 35 C hotter than the |id.
However, use of the structure provided in the present invention produces a
maxi mum paste gap of approxi mately 0.004 inches which translates to a
tenperature drop of only 14 C across the paste. That is, the chip

tenmperature is reduced by over 20 C. That .correspongds to an oxi mat el y
4% i ncrease in Hyv¥§taapther ng@megb&éanb%hé%alsrcﬁf‘e@eeeﬁpn%%ﬁ@g[?eﬁf?f‘lénﬁ n the
present i | &17‘% ' 28 b Lthle 3idPHrOMiad€ du Bic AP kharhio thaer mal
interfaceﬂ§ﬁﬂ%hgﬁggéﬂ?ﬁ§§%a' pggggmﬁgﬁ%gentthé éhis devige gﬁd thé)lid

t oget her vdaldnt htateriad mayheamplayed petivesh alrmied ankthe sybstratebl e hei ght seal
joint. In another enbodi nent of the present invention, a netal therma

interface material h as_splder is loyed, and the lid has. a channel
feature vt ch pfouiatbesTaP iRl apdrgrT QUES s @ Bivads o RETode SitHe: a
thermal i nirerdea&itbdids®eid eitHee hrizsntll® Wedrdl. anhiaeRthdwee®at e ughisvi ty.
For exanple, solder has a thermal conductivity of agproxinately 30 watts

per met er - ¥elrolapveoHpgaredessentinl dotrpidsapiruatires peihallyase erieniedin thk pakitiohs onl y
has a thermal_ conductivity l.ess than approximtely, 5 watts per. .
ot er - Kel v By At A rLLE Bt Mo e ot el et BOlsetont th a
hermetic oforxenoob GrdmRhdt sE6@h or fPfacBrRAEdS} by SBAIntifon SaPRERLRL 8ndvh avoi d
use of a variable height seal joint if the tol'erances of the thermal gap
st andof f f Ba$ alsesiotedeheyemlthat dieoswbpstphesesolvdesidesaDedace is hiee fiaitghk side

t ol erance bet ween .t he substrate_and the lid, as shown in a third
embodi nent 8?%39%1%311 e Qigry ee‘é?}ée Breresidedro BH;I% N3 CQMECHP SRt
invention gpgpkoying a single chip nodule (SCM where chip device 16 is
connected to substrate 10 and lid 20 for environnental and handling
protection. The enbodinment in Figure 1 in particular illustrates an SCM
assenbly process, with "chip-up”, man cturing. Heat sink 50 is attached to
7G50 wi Eh conduberoeelaias b abiss! a1t bibHEieHRah P P SBEH iy

Typi cal 1y, a6PiRadeY} st S tRaRHERL s BY cSAbESH thahh sy dhArd SubstLpt e pad
12 to subs??%?é 10. éﬁbst#é%e 10 alsg t?pi%ally incl%des onéﬁg%%ﬁore

di scret e dewipoesd betwsarh cap @ajpald trocither pesight dnsor multichiphesduleevi ces are
secured in the same way as chip device 16 via 2 ~J UL 2002 10 there
own sol der balls ‘14 and substrate pad 12. A device under filmmterial 13
Is applied to sojdel e BlesdiP iHRMEGR i AEREEOMBELLSof faOLARL floth
enhance sol der jégﬁflggkyéhe Tﬁfétgécau§e of é%efficientoo atherga%) o
expansi on (UER)atersomt clipsieofcet he material s during thermal cycling.
Substrate interconnect (pins) 31 are used to directly attach to card
assenbly 30 or to a printed circuit board (PCB). For purposes of

conveni ence, si mplii ityorRPELRASEE (AE pHRERN Si-ANGH RYinBRALe tﬁkgbeéﬁnaaﬁke%rfd

assenbly 30 are not specifically illustrated in Figures 2- nonet hel ess
t hei r incl usedrontiherrenihcliip devises. hel ess readily apparent. .. The invention
shown in Figure 1 illustrates a process for reducing and controlling

thermal gap variation and tolerance in a sealed nodule. Thermal gap 18 is
preferably contralil aediRyuiRGUHQS 8F tHrDredeandobitndd pRatiNeRBdiRvafYice 16
and lid 20. Standoffs 21 are, for exanple, individual disks that are placed
bet ween chipotidui selde6amhtheringl @6tedhystiemg..assenbly or they may in fact be
integral parts of lid 20. In fact, standoffs 21 are of any conveni ent

shape. Wen standoffs 21 are enpl oyed, one achieves direct thermal gap
control based onlyyisQisol VEEL AR iRk anesud oSt AR fadsticall dTreRfdar tO
provi de a seal around the fnodul e however, one enpl oys U shaped channel 40
whi ch i s af Faxastbrison selbsincaireast@nbiliet ielestranic vgycwbtiepinaddudes, This seal i ng
material preferably conprises a material such as Sylguard which is
commercially avail able. Conpliant thermal interface material 17 is applied
to the location on |id 20 where chip device 16 is to be disposed. Lid 20,
with potentially integral standoffs 21, is then placed in position and the
peri pheral mal e edge sealing portion of |lid 44 "floats" inside U shaped
channel 40 which contains a hernetic or non-hernetic sealant. For a sol der
seal ant the assenbly is sent through a furnace refl ow process and sol der 48
hernmetically seals the nodule. This encapsul ates the SCMwhich is either a
hermetically seal ed or non-hernetically sealed nodule. In a non-hernetic
enbodi nent, the nodule is placed in a fixture which applies load 70 and the
nodul e is cured in a box type convection type oven or other heating/cooling
apparatus. In a hernetic nodule, substrate seal area 45 in Figure 2 is 2
3J UL 2002 11 nmetallized for exanple using nickel or gold. U shaped

Y Y Y N T v



- This_ is an alternative assenbly process wherein the single chi 2 %ro\gmﬁ )
~protessed in a chip down orientation during manufacturing. The&a m

«~this nmethod is better control of the netal thermal interface material 19

(*solder) in which it is prevented fromleaving the thermal interface gap 18
bet ween chip device 16 and lid 20 during reflowj oining. Chip device 16 is
j omed by sol def; ;bail : 0 I1{.] onal
di screte devi cegt lggisér%r;%éeégoﬁteﬂpg#c% i&ﬁg{}j gg(?[}l%o%'g %ezgﬁgé%%ﬁ%%‘ ?b%ﬁqg&lw

t echnol ogycdmlustitxskid aidapeldarchc anchitdhiswhighiatapdlatddiey thadidsb deligindgehi p
device 16 i@ preferably nmetallized (16a) for exanple with nickel and gold
for i mprovedlesoihaepmpkimaely 2dp JwilSher netical |y seal ed nodul es seal ring
43 preferably conprises alumnum Seal ring 43 is attached to substrate 10
by neans of substrate sealing material 41 (see Figure 2). Lid 20 has

metal |'i zed ar ealadlpy, Butdot Nindicaheansl isielag objeeofdhé prepddinvedtion R rﬁ)t@h?a has
the sanme image size and location as chip device 16 and is provided for

i nproved sesddes i 10 also caningl the thiskedss pkdrmal paste statesiads dispasedibetwpeessur e
and sent t a f urnace reflo%plr.ocess. so that the nmetal thermal interface
material i SOXIHEE SHCYLCHps ARG qontpinEnagkagss > 3 JuL 2002 12 16. Cap
sealing material 42 is applied and the nodule is cured in a heat process to
provi de a non-hernetic seal. For hernetically seal ed nodul es, seal ring 43
preferably conprises a nateri al Deseription ofctheFigurds i s pl ated with nickel and
gold for better solderability. Seal ring 43 is attached to the substrate at
the sanme tine as chip device 16 and discrete devices 15. If there is a

potential chip (iﬁ)!Eﬁlﬁeét%fekvﬁf&‘@?é“gaﬁﬁﬁiaﬁmhﬁ‘&ltitaﬁ%‘p&ﬁ&ﬂ&r?}npdiﬁéeﬂ gﬁﬁa'

ring 43 after chip dévice 6 joining with a | ower tenperature sol der than

that appl i et distiselycdainisdlin tHedontlnding@ortion ofdes speeifishtion €thednemtidAa coat ed
with nicke] and sel ective gald, plating i he sanme sjze and inmage | ocation
as chip debPW%V%ebothgar%org%wlgatiog a@ﬁﬂl%%ﬁﬂ0¢w?ct10ﬁﬁpg¢}éﬁ‘@§+ g!ahabqgtrwthn%em
area 44 1 S.MatgIPhRlddrandy Bbd LAREGoN birRbAR 0 b rolih Bl (iBn
encapsul at 1 on. e assenbly 1s placed ina pressure applyirng fixture and
met al t her mklen imt@nfeatten with éhd amborhpar(ying drewangpliewhicli: and sol der) is
sinmultaneously nelted to join lid 20 to chip device 16 and to j oin seal
ring 43 to lid seal area 44 during convection or an infrared belt furnace
refl ow operati O!Fi%;\ﬁ@l@é § SR lek¥iforl PleR iU ADRRY RAt ot bABBARGENBE@L Sol der
interface material and hernetically sealing nodule is to performthese

st eps i ndi pragemtlihyention vdudheraplogse sepastely psovaddddivehaped mprerangichense! der to
formthe lid seal after lid 20 is attached to device 16. Figure 3
illustrates yet another preferred enbodi nent of the present invention

enpl oyi ng a her mghicalil ¥ cRRALEG 0RAINGA Lel&iBn WRAHHRsIMIBIp@NBthEt mBSAinend OF ned
to substrate 10 without a seal ring and in which thermal gap size is

cont r ol | ed offtherprasent oivestiamidoftish 2 U-sh@hepredeivingechamel & grovidediinghe §dl der
balls 14 to substrate pads 12 on substrate '10. Additional discrete devices
may al so b&8"BHPi%yed and connected as described above. Cnpliant ther mal
interface material 17, that is, thernmal paste, is applied in gap 18 on the
area on lid 20 where chip device 16 is to be disposed. Lid 20 is then

pl aced on chip duégired ig @ ceoserssuiivnalr adeeletiosiviry af 4n smbademendi of theaprpsane s

| oad 70 of .appr.oxi mately 2 poupds., The fixture assenbly. is then sent to a
furnace reff% tlBPB@E e‘é’?\l&y&ﬂ?lg‘& Ctif’émglsfr Ay G ‘“gz“‘b%ﬁ%i?ﬁ%eéﬂ?ﬁéﬁ c,rglllefsy

seal s the nRAHkEmplighdBREAMRarsf@Y t hermal performance one places a netal
thermal interface material inbetween |id 20 and chip device 16. In such .
case an area of lid 10 and chip device 16 are netallized with nickel and

gold for better solderability. The soqlder,.for ex le, |l.ead tin solder, is
tinned onto chi pﬁ%rea“n‘a aglpssipeitanel %i&‘ege a{ion vigy ng‘r %m?‘ﬁlé’i’i‘e‘bti %fjégedpr(?f‘le"g hi p
16 and Sub%v@r{c]f%n%f?wéq%rﬁa lte'céiRrHif:gechmmﬂmr@uﬁ it pRdidh iRpRNAXxi mtely 2 pounds.
The assenbly then undergoes a furnace reflow process and the sol der
hernmetically seals the nodule. In all of the above enbodi nents, a single
chip nodule is used as an exanple. However, mnufti-chip nodules (MCM wth
nore than one chip also benefit fromthe direct thermal gap control
approach used herein to i nprove nodul e thermal performance. In particular,
one can even enpl oy standoffs |ocated on sone or all of the chips to
provide a controlled thermal gap for either hernetically or

non- hernetically sealed multichip nodules. Wth specific reference being
made to figure 4 it is seen therein that seal ring 52



having a T-shaped cross section is sealably affixed by neans of t
.to substrate 10. As shown, sealing ring 52 possesses an invertezdg"'a%"@ll 2662
< configuration which has a mal.e portion which extends into sealant materi al
42 di sposed wi thin U shaped channel 55 in lid 20. U shaped channel 55
possesses sidewalls 46 and bottom 58. Likewise, in figure S a simlar

structure is shoynexGeRbrdsflalctiDRA! i dikiEValitn 4w Sf RN ED AT t%e?eﬁ'ftt
ly th one

| i kewi se has a T-Shaped cross-section it Is oriented essenti al

arm of t heifvediispeisgathr tomFanraperdtedt ihni thataild ealihpriex stendurtens dispdbsadnel 50 in
lid 20 which n is shown as having a greater horizontal extent than lid 20
in Figure &muinﬁt RHINDSEL of {he subsirate 50 aggblarawg forsthe pp$sERHE) t%@ah%fae@an L
23J UL i | i described in detail herein
in accor da%g%ae\ﬁ%té%o\ﬁgeﬂro%fl%%girﬂ;%/nglﬁeggﬁtje%%al?S%rr%n&fs t hereof, many

n10d1l~1 CaCl0l 1 and changes therein nmay be effected by those skilled in the
art. Accordingly, it is intended by the appended clains to cover all such
nodi fications and changes as fall within the true spirit and scope of the

i nvention. 2 3J UL 2002 -]tg.lvga Cl ad m(mlo.f ?Aen. %I e%troni c chip assenbly in
whi ch control of thernmal pasl?% P 8&%&?&1 I's oW'GaB?e, said assenbl y
conprising: s a substrate having el ectrical conductors thereon; an _

el ectronic circuit chip affixed face down to said substrate so as to make
el ectrical connddeipsesenbingeitipneshances treshermabpenidrmense of decmpicmodulet he

- f d id id.chiip; .a th | duct i lid di d
sai'd oni p. DRGRG FRE SR B e Rr Y rishe R d Y S Ao LR
in therml deoik m&%mﬁ@ﬁ; sp@ddhndaih&ty. Iaipdrticldr BRr&enBindERRInirotided zont al
extent than said chip and said substrate and therefore having an

over hangi ngngbed amshappeestus for redneing tlee thetneahphsse gaminrredealtid shestronictrhedudé or
sai d feml %aglpaag@.n %Jhe g&\\r/e{nrt]%e of this invention is that it improves module thermal performance
by providing a shorter heat transfer path between the chip device and the module lid by
using a direct thermal gap approach. The sealed module meets all product performance

and reliability requirements.

The area between the lid and chip device surfaces is also preferably controlled in
the present invention by means of mechanical standoffs with the result that the module is
encapsulated with a variable height seal joint. There is a decrease in the level of
“tolerance buildup” when the chip device and the lid surface are directly referenced by
means of these mechanical standoffs. In module designs where variable height seal joints
are not provided, the chip and the lid gap may have large statistical tolerances, for
example, + 0.003 to 0.004 inches. However, using the direct gap approach herein the
tolerance between the chip and the lid is reduced to approximately + 0.0005 inches. The
nominal gap dimension is reduced to 0.003 to 0.004 inches from a previous level of 0.007
inches. This gap dimension and tolerance reduction translates to significant thermal
improvement, especially for high powered chips. For example, if one considers a chip

which is 12 mm on each side which dissipates 60 watts, then with a thermal paste



sidewal s and a bottomintegral with said Iid; a nale sealing Pi%g]E4al

di sposed continuously around a periphery of said is substrate, said seal ant
-~ material being disposed within said femal e channel between said sidewalls
of said channel and a vertical male portion of said ring which extends at

| east partially into said channel. 2. The chip assenbly of claim11, further

i ncl udi ng cahddcp@nt 099%‘@?’%%8%‘%*’?“5”% @%ﬁﬂ%ﬁé’g‘?ﬁ@}l‘?ﬁ%ﬁ@iﬂob& Aand

t he non-face down side of “sal hi p~asse aim?2Z2in

whi ch sai d5S¢@pen stparetits &£ross tanthema gast imaticepthatsiaj the thig.is 25° @ hokhe chip
assenbly of c a',méi n which material for said spacer structure is selected
fromthe & be Llen QSY§VRE Ust ohthg strpeture e dedindhe Riegght anvegtion poduegss

i sorote SuataiAic ApTiodih R AN Sles WHAGH PFATRAL BRSnRa R Bb Y,

spacer st ofiohlyrila° iCGacgorsitherpases] That stk ohip @mpératube & rethided dywesb2y? @©f claim
1 in which said channel extends in a path around_ 3s said chip. -16 8. The
chi p asserfypycasrespprdsip anjappiaKinediely £ inseaape inavailabdesystem spegdu L 202 9. The
chip assenbly of claim1l in which said channel is a separate structure
seal ably affixed to said substrate. s 10. The chip assenbly of claim1l

further includiT@r@aBeatersl sibddinéhts ik pfeRétitdfentibh. NnSce®mbodiment there

. A5l . AS. AUY. As; . AAE . AFY
is provided a compliant thermal interface which uses thermal paste between the chip
device and the lid together with the use of a U-shaped channel as a variable height seal
joint. In another embodiment of the present invention, a metal thermal interface material
such as solder is employed, and the lid has-a channel feature which provides a variable
height seal joint. With the use of metal thermal interface material there is provided
enhanced thermal conductivity. For example, solder has a thermal conductivity of
apbroximately 30 watts per meter-Kelvin compared to a compliant thermal paste material
which only has a thermal conductivity less than approximately 5 watts per meter-Kelvin.
However, both of thesé embodiments provide a module with a hermetic or non-hermetic
seal. For a hermetic seal it is possible to avoid use of a variable height seal joint if the

tolerances of the thermal gap standoff features are small, because the solder can span the

height tolerance gap between the substrate and the lid, as shown in a third embodiment.

Figure 1 illustrates a preferred embodiment of the present invention employing a
single chip module (SCM) where chip device 16 is connected to substrate 10 and lid 20
for environmental and handling protection. The embodiment in Figure 1 in particular
illustrates an SCM assembly process with “chip-up” manufacturing. Heat sink 50 is
attached to lid 20 with conductive adhesive 31 to further enhance module cooling.
Typically, chip device 16 1s secured by solder balls 14 and substrate pad 12 to substrate
10. Substrate 10 also typically includes one or more discrete devices is such as

capacitors, resistors, etc. These devices are secured in the same way as chip device 16 via
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The invention shown in Figure 1 illustrates a process for reducing and controlling
thermal gap variation and tolerance in a sealed module. Thermal gap 18 is preferably
controlled by incorporating standoffs 21 between chip device 16 and lid 20. Standoffs 21
are, for example, individual disks that are placed between chip device 16 and lid 20
during assembly or they may in fact be integral parts of lid 20. In fact, standoffs 21 are
of any convenient shape. When standoffs 21 are employed, one achieves direct thermal
gap control based only on invention intolerance of standoffs 21. In order to provide a seal
around the module however, one employs U-shaped channel 40 which is affixed to
substrate 10 with sealing material 41. This sealing material preferably comprises a
material such as Sylguard which is commercially available. Compliant thermal interface
material 17 is applied to the location on lid 20 where chip device 16 is to be disposed.
Lid 20, with potentially integral standoffs 21, is then placed in position and the peripheral
male edge sealing portion of lid 44 “floats” inside U-shaped channel 40 which contains a
hermetic or non-hermetic sealant. For a solder sealant the assembly is sent through a
furnace reflow process and solder 48 hermetically seals the module. This encapsulates

the SCM which is either a hermetically sealed or non-hermetically sealed module.

In a non-hermetic embodiment, the module is placed in a fixture which applies
load 70 and the module is cured in a box type convection type oven or other

heating/cooling apparatus. In a hermetic module, substrate seal area 45 in Figure 2 is
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Kovar and is gold plated and attached to substrate seal area 45 with a solder; for
example, a gold tin solder. A lower temperature solder, for example a lead tin solder is
placed in U-shaped channel 40 for later hermetic sealing. Lid seal area 44 is a preferably
metallized with nickel or gold and the lid is placed in U-shaped channel 40 and soldered
in place to form a hermetic seal. A fixture assembly applies load 70 to the module and
the assembly is then heated in a furnace as part of a reflow process to hermetically seal
the module. Higher melting point solders are employed to attach U-shaped channel 40 to
substrate 10 and lower melting point solder is used for finally sealing the unit in order to
reduce the corriplexity of having to develop a module seal on both solder interfaces (U-

shaped channel 40 to substrate 10 and lid 20 to U-shaped channel 40).

Figure 2 illustrates a particularly preferred embodiment of the present invention in
which metal thermal interface material 19 is used between chip device 16 and lid 20.
This is an alternative assembly process wherein the single chip module is processed in a
chip down orientation during manufacturing. The advantage of this method is better
control of the metal thermal interface material 19 (solder) in which it is prevented from
leaving the thermal interface gap 18 between chip device 16 and lid 20 during reflow
joining. Chip device 16 is joined by solder balls 14 to substrate pads 12 on substrate 10.
Additional discrete devices 15 may also be affixed using the same solder ball technology
to substrate pads 12 and to substrate 10. The backside of chip device 16 is preferably

metallized (16a) for example with nickel and gold for improved solderability.

For non-hermetically sealed modules seal ring 43 preferably comprises atuminum.
Seal ring 43 is attached to substrate 10 by means of substrate sealing material 41 (see
Figure 2). Lid 20 has metallized area 20a with nickel and selective gold plating. This
area has the same image size and location as chip device 16 and 1s provided for improved
solderability. Lid 20 is affixed to substrate 10 under pressure and sent to a furnace reflow

process so that the metal thermal interface material is adhered to lid 20 and chip device
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For hermetically sealed modules, seal ring 43 preferably comprises a material
such as Kovar and is plated with nickel and gold for better solderability. Seal ring 43 is
attached to the substrate at the same time as chip device 16 and discrete devices 15. If
there is a potential chip device rework process anticipated then one can join seal ring 43
after chip device 16 joining with a lower temperature solder than that applied to solder
ball 14. Lid 20 includes metallized area 22a coated with nickel and selective gold plating
in the same size and image location as chip device 16. Again this is employed for
improved solderability. Seal area 44 is also metallized and tinned with solder for later
module encapsulation. The assembly is placed in a pressure applying fixture and metal
thermal interface material 19 (for example lid and solder) is simultaneously melted to join
lid 20 to chip device 16 and to join seal ring 43 to lid seal area 44 during convection or an

infrared belt furnace reflow operation.

An alternative to simultaneously attaching metal solder interface material and
hermetically sealing module is to perform these steps individually. In such a case one

uses a lower temperature solder to form the lid seal after lid 20 is attached to device 16.

Figure 3 illustrates yet another preferred embodiment of the present invention
employing a hermetically sealed single chip module wherein lid 20 is joined to substrate
10 without a seal ring and in which thermal gap size is controlled by means of standoffs
21. Chip device 16 is joined by solder balls 14 to substrate pads 12 on substrate 10.
Additional discrete devices may also be employed and connected as described above.
Cmpliant thermal interface material 17, thatis, thermal paste, is applied in gap 18 on the
area on lid 20 where chip device 16 is to be disposed. Lid 20 1s then placed on chip
device 16 and substrate 10 using a fixture which applies load 70 of approximately 2

pounds. The fixture assembly is then sent to a furnace reflow process and solder 48
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To improve SCM thermal performance one places a metal thermal interface
material inbetween lid 20 and chip device 16. In such case an area of lid 10 and chip
device 16 are metallized with nickel and gold for better solderability. The solder, for
example, lead tin solder, is tinned onto chip 16 and substrates area 45. Lid 20 is then
placed on chip 16 and substrate 10 in a fixture applying a load of approximately 2
pounds. The assembly then undergoes a furnace reflow process and the solder

hermetically seals the module.

In all of the above embodiments, a single chip module is used as an example,
However, multi-chip modules (MCM) with more than one chip also benefit from the
direct thermal gap control approach used herein to improve module thermal performance.
In particular, one can even employ standoffs located on some or all of the chips to

provide a controlled thermal gap for either hermetically or non-hermetically sealed

multichip modules.

With specific reference being made to figure 4 it is seen therein that seal ring 52
having a T-shaped cross section is sealably affixed by means of sealant 53 to substrate
10. As shown, sealing ring 52 possesses an inverted “T” configuration which has a male
portion which extends into sealant material 42 disposed within U-shaped channel 55 in
lid 20. U-shaped channel 55 possesses sidewalls 46 and bottom 50. Likewise, in figure 5
a similar structure is shown except that sealing ring 47 is employed and while it likewise
has a T-shaped cross-section it is oriented essentially with one arm of the T disposed in
an upward orientation to extend into channel 50 in lid 20 which now is shown as having a

greater horizontal extent than lid 20 in Figure 4. In such instances lid 20 operates as a

thermal spreader.
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such modifications and changes as fall within the true spirit and scope of the invention.
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We Claim:

1. An electronic chip assembly in which control of thermal paste thickness is
providable, said assembly comprising:

a substrate having electrical conductors thereon;

an electronic circuit chip affixed face down to said substrate so as to make
electrical connection to said conductors;

thermal paste disposed on the non-face down side of said chip;

a thermally conductive lid disposed over said chip and having a substantially flat
surface facing said chip and in thermal contact with said paste, said lid having a greater
horizontal extent than said chip and said substrate and therefore having an overhanging
portion, said lid having a female channel disposed therein, said female channel having
sidewalls and a bottom integral with said lid,

a male sealing ring sealably disposed continuously around a periphery of said
substrate, said sealant material being disposed within said female channel between said
sidewalls of said channel and a vertical male portion of said ring which extends at least

partially into said channel.

2. The chip assembly of claim 1, further including at least one spacer structure

disposed between said lid and the non-face down side of said chip.

3. The chip assembly of claim 2 in which said spacer structure is an integral part of
said lid.
4, The chip assembly of claim 2 in which material for said spacer structure is

selected from the group consisting of plastic, metal and ceramic.

5. The chip assembly of claim 2 in which said spacer structure comprises a plurality

of discrete spacer elements.

6. The chip assembly of claim 2 in which said spacer structure is customized to said
chip.
7. The chip assembly of claim 1 in which said channel extends in a path around

said chip.
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