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2067011 : 1 - FABRICATION OF CIRCUI T PACKAGES This invention relates to

circuit packages enploying macro-conponents such as chip carriers, ‘and tn 5
particular to a nethod of bonding the conmponent to a supporting subst 3" 4
Packaging | arge scale integrated circuits utilizing-‘hernetic ceranic 2%%7911
carriers bonded to filmcircuits and printeg 'circuit wiring boards is

currently 10 gaining increasing attention in the industry. Such packages f“
enj oy many advant ages over the standard dual-in- line (DI P) packages nost )

oftep used for present PEABRICAQIONOIORGIRCBIT! RACKAGES arri er pacgﬁges
canh-be nade snaller N, DI P.Rackages,. and Eﬁe are ?erné c, testable
easily 15. handl ed, @r‘:% ?‘rﬂ?ﬁﬁ%ﬁ?&l Iq‘fﬁﬁﬁl%%g.o ébFFHé %Q%re Is a

sufficient gap empleeingmachbpcompoinentsdsucheasyichd ps caxtridrs, and in

{0 conserv spRar CASWLER cb a"RBURIN HafayHE Bher EontliRn L b 8 0,

to conserv pes o ages a qurre-a t “gap
bet ween 20 t he suRpaertbngosehstxadet.ne underlylng substrate. For exanpl e,

certain packageseﬂsﬁc a%fh?ng% %ng%h (;%ﬁf@kﬁﬁeédn%EW@ui Jormed on a

ceranic substrate ortin strate
i ncl udi ng a t hwtidizingkhernaticr cgnanim remip, canr&amﬁ handed 260 £ilm

packages, a Cercfirf‘éhfi\é paﬁ&p £ihted! %i@éﬁ@%ﬂﬁfnﬁ}%ﬂaﬁ‘%"%é 'ﬁﬂrﬁﬂﬁiikate

including a thin or m circuit assoclated wth suc

packagi ng %9heﬁ&§QQﬂ&ﬂ¥¥%r?ﬂéi#Stm&f%&iiPﬂcﬂ%oﬁHetﬁ&dﬁﬁﬁﬁy-:Mﬁ!&hponent
to the substra cfagbéﬁ%ﬁﬁo?rﬂﬁhycad#%dﬁhéﬁﬁd@ﬁebomﬂebkﬁaﬁﬁﬁr@fdﬁﬂldih-

printing o o B (IR RiakhekaRont Btfanntaba. ok prevant peskaking,
i ncl ude f||n1comnomaumprm,tbne ch1p carrier packages can be made smaller
| than DIP pagkages, and they are hermetic, testable, easily
15 handled, and mechanically strong. Further, when there is
a sufficient gap between the chip carrier and underlying
substrate, interconnection wiring and film components
can be placed under the carrier to conserve space, Other

types of packages also require. a sufficient gap between

20 the macro-component and the underlying substrate., For
example, certain packages employ thin or thick film
resistor networks formed on a ceramic substrate which is
in turn bonded to a supporting substrate including a
thin or thick film e¢ircuit. Further, in many hybrid

25 packages, a ceramic chip capacitor is also bonded to a
supporting substrate including a thin or thick film
circuit. |

One problem associated with such packaging

schemes involves the method used to bond the macro-

30 component to the substrate. The usual practice is to
solder bond by means of solder printing or dipping.
This usually results in a lap joint less than 75 um
thick, This small gap between component and substrate

- makes it difficult to include film components on the

35 area of the substrate underneath the bonded component,
"In particular, difficulties in cleaning and encapsulation
of such areas arise with such a small gap distance,

38 Further, the reliability of such solder joints is



area of the, substrate underneath the bonded component. In particular,
diffikculti'es in cleaning and encapsul ati on ‘'of such areas arise with such a
snall ~gap distance. 38 Further, the reliability of such solder joints is

- 2 - questionable due to |nternetalllc conmpounds which are fornmed as a-
result of the.lowratio of solder tee s@ubte netals in the contact pads.

Fi-irefl 1y, theyléeidh fetaad £9. BR CaTald gﬂté ycé&gé&%nd? which akb 'S

therefore a prinmary object of the inventio CIrCUI? package .
with a stro Eﬁﬁﬂr%$|abresﬁéﬁdOKeﬁW@eﬂQﬁu?atkncP%oﬁ@b@enttand supporti ng

substrate anghMitle amévhisCiant h we opgnt and
substrate to_ include further co%o@ﬁ?%ﬁ%ﬁg 10%%%%%& ?Eermg nder .

Accor di ng tdaHets terd: tonbeneghapdead ks sHiff ded a nethod of

fabricaking a ciTguis eﬁékagaréoapbﬁwaw %ﬁ@psopftmoywéaﬂlaa
el ectrital macro-conponent mhlgé i ncludes a first set of contact B
f

formed on. orfe® BYogige ;2 cifendss pagkage Wit & Fixnng randnsaliabh -
substrate whcht ivetween ©hecmadsoSeomd xﬁaﬁwaﬁid éﬁtm& QﬂbQ@Q‘a%'érface-_'

t hereof corres oqﬂh@g to %2 firihg i of cont a on t

Macr o- conpo w S Jolals! gciﬁﬁ c ?WMF%ﬁBETP8P8°B§nt

sol dering sainll ?éhmtﬁaﬂé eaniﬁoluﬁ&dtuﬁﬁgﬁzhemmpdhd!htchoﬁatliepads i.ncl ude
a layer_of gol.d: the{ and ald sol dering is done by bonding | arge,

| ead-ti A9sol Bﬁ?ﬁ Bhe of said sets of contact pads, bringing

t he ot her set<ﬁAannrdtngpadsthatpresnmacunmdntidnatnermrﬁs pradided

Coran o " AT 8 RERIRIBRTE, saSells SNORRLs PP R pRIE' chi°

mai nt di ni ng sbegesp of providing an electrical macro-component which
includes a first set of contact pads formeq on one

15 surface thereof, providing a'supporting insulating
substrate which includes a sécond_set of contact pads
formed on one surface thereof corresﬁonding to the first
set of contact pads on the macro-component, and bonding
the macro-component to the substrate by soldering said

20 sets of contact pads together, in which said pads
include a layer of gold thereon, and said soldering
is done by Bonding 1arge,'1e5d-tin solder preforms onto
one of said sets of contact pads, bringing the other set

~ of contact pads into contact with the preforms, and

25 bonding the preforms to the said other set of contact
pads so that the weight of the macro-component is
supported by the preforms while maintaining a gap
between the macro-component and the substrate of at
least 0.25 mm. o '

30 The foregoing and other features or the invention
will now be desoribed, reference being made to the
accompanying drawings, in which: |

FIGS. 1 and 2 are top and bottom perspective
views, respectively, of a ceramic chip carrier with

35 solder spheres applied in accordance with one exemplary
embodiment of the inventiony;

FIG. 3 is a top view of a portion of a supporting

33 substrate with a thin film circuit formed thereon in
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bet ween the macro-conponent and the substrate of at least 0.25 nm 30.
The foregoing and other features ‘of “the invention will now be describeds 4
reference being made to the acconpanyi.ng draw ngs, .in which: FIGS. 1 and 2
are top and bottom perspective views , respectively, of a ceramc chip

carrier with 35 sol der spheres applied™ n2accordance with one exenplary “
“enbodi ment of lglddrudiide Ofl thl Ene3ekempladly \Embvdinen P06t i PHeOf a P
supporting 38 substrate with-a thin filmcircuit forned thereon in - 3 -
accor dance wi t F0YRR | ary ‘enbodi nent of the .invention; ‘FIG 4 is an end

vi ew showi ng the b@Ein g ofstae ehdpvaewr lsearoutimg HEh@LthSMlﬁhg of sheor dance
with the 5 sane enbodi ment; g Gt s,a,crqss-;sectiona res ﬁhlon of

t he approxinat@ a«??ﬁl%; Pd Pesﬁﬂgﬁérgf e}qxﬁﬁﬁ ??F cgb g8 with

one exenpl agy @Mm:ﬁembndtmenhe invention; FIG 6 i's a graph of maxi mum

h bl d f
RIS R - M AT S R T L S U
and FIG 7 is anpnqxinﬁtgﬁﬁhametaﬁce Be&damwsyhylnnththbandiangMrate'

f i dPCERW § q
as a tunction rren " %mf{h Otf)n Se&QE IiPy{ Wc‘hﬁf&?f egh EHV?Q&‘OH'

exenpl ary enbo rnventi on. ppreci a
pur poses of illust FRkGorf iweacgrapbr 95 anaeurmm msrswpqr&amteo scal e.

20 A tyBi caly YA dpRéres hslaskhﬁEQQdﬂ1éf“%he diameter of the
R Spheres-in accordance with one exemplary embodiment of
the invention; and ' :
FIG, 7 is a graph of gap dlstance between the
component and substrate as a function of the diameter of
15 the spheres in accordance w1th -one exemplary embodiment
- of the invention. ' o
It will be appreciated that for purposes of
illustration, these figures are not necessarily drawn to,l
scale, | ' _ _ _ |
20 A typical chip carrier is illustrated in the
views of FIGS. 1 and 2. It will be appreciated that the
chip carrier shown is merely illustrative and any type of -
dielectric chip carrier or other electrical macro-component
such as a film circuit or ceramic capacitor may be |
o5 employed in accordance with the invention.
" The carrier basically comprises a body, 10, which
is a ceramic such as A1203 with a recess formed in the
middle. On the bottom of the recess a layer of metal, 11,
was deposited to serve as the contact pad for the_underside'
30 of a silicon integrated circuit chip 12 (the details of
which are not shown for the sake of simplxcity). Deposited_
on a raised step around the area of the recess were contact
pads 13, to which the contacts on the top surface of the
chip were connected by wires (not shown). Each metal
35 constituting the pad extended down a groove at the edge of
the carrier to the underside of the carrier to form contect
. pads 14 on the bottom surface (see FIG. 2) The metal
38 used to form the pads was a multilayer of tungsten—nickel-
gold, |
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views of FIGS. 1 and 2. It will be appreciated that the chip carrier shown
is’qpnaly iIllustrative and any type of dielectric chip carrier or other
el ectrical macro-conponent such as a filmcircuit or ceram c capacitor nay
be 25 enployed in accordance with the invention. The carrier basically
conprises a body, 10, which is a ceramie sueh as Al 0 with a recess forned
kn_the 2 3 mddle. On the bottomof the recess a'Iayer of netal, 11, was

‘deposited to L€ ; ont ag d for t under e 30 of. a_silicaon
|nfegrated CI??UIt céﬁ%ég(?%e é%? oFu 26T & i %ﬁﬁﬁ%efoﬁafhé sake
of 5|npl|C|tyﬁaﬂaﬂxnitmgkmm.a15aleédostepummaﬂnttdmmm&t&dmterhefrecess-
wer e :cont act g 1 tP t chi R
wer e connect eg %?/J%%rnesﬁ(erl]wo%f #f& GRQE %%rq%éjl @}5 c%ﬁﬁ{’?ﬂ%‘gg?hggﬁ 5Ih
ext ended downh$q$QﬁﬁR3Qﬁpthm°bd§b°bn)bhe carrier to the underside of the
carrier tosform cont act pReiscify o8 Bg sRORYYDH A SEENERBLoRY oF°

netal 38 used tﬂ fornlthe ads was a -nultilayer tungst en- ni ck gold.
Al so incl uded ort%*he upper 16ftf ace BPdt Het@&ﬁh'@smf eﬁ?%ﬁl@*ibﬂtﬁéfal 15,

al so conprising g AWl Iny@rw@iqwnestenemcelt@laolidadiu@fh&ewedca% and
~bonding area f the hernetic, ca

no
carrier typicél ﬁf|ﬁﬁf(ﬂ9ﬁﬁﬁﬁb%§€8¥Y158§1NSy #%ﬁﬂSl%ﬁKP%.Fh?CEHg§S%5§
appr oxi mat el y t¥pd cably Tepyex phvat ol yt3rd ‘gaBrT ¢rmi natiuch ng theckapssndschi p
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apprOX|naterWh@rmgs\NﬁﬁemthMEatadegmaCGdunqhintm&mlmenegnSEdenaﬂldered

‘a’ m Cro- ConpoRgRirotdindh & €27 EhE" cE BNl B 0 19H6h the various
components included thereon constitute a relatively massive
ﬁacro-compoﬁent which, while easier to handle, presents:

15 special problems in bending due to its iarge size and
weight. (It should be understood that in the context of
this application a macro-component is considered to be one
with a size of at least § x Sﬂ_ﬂ. ~ and a wveight of at _
least 100 mg.) ' - ' |

20 FIG. 3 is a plan viev of a portion of a
supporting substrate includinq a typical thin £ilm circuit
to which the carrler may be bonded. Again it vill be
realized that the c1rcu1t shown is illustrative only. The
supporting substrate, 20, was A1203 vith a thickness of

25 approximately O<75#4m. Formed thereon by standard

| techniques were thin film :esistors such as 21,

. interconnecting leads such as 23, and thick film
crossunders such as 24, which components are vell known in.'
the art and therefore will not be described in further

'30 detail. It will be noted, however, for the sake of

| comparison that typical thicknesses of thin film components

~are: resistor = 0. 1um; capacito: - 0. Sum, interconnecting
leads ~ 2um; and crossunder glaze = - “ * ‘50um-s Also
included on the substrate 20 vas a second set of contact

35 pads, 25, corresponding in number and layout to the first
set of tads_dn ;he chir carrier. (It will be realized, of
course,'that tjpically not all pads on the substrate will



. conmponents included thereon constitute a relatively massive macr e-conponent

which, while easier to handle, presents 15 -special problens in bending.due

to its large size and weight. (It should be understood that in the cont ext
of this application a macro-conponent is considered.to be one wi.th a size

of at least. 5 x 5 mm and a weight of at |east 100 ng.) 20 :
FIG 3 is a plan view of a portion of a suﬁpcrtlng substrate. |nclud|ng a &15
typical thin filmcircuit to whichthe carrier. may be bonded. Again it

will be realiz | lplgusdiat i h

supporti-ng subgg %pigﬁé}Eé:Jétﬁﬁioggﬁguﬁiahtﬁ"?Eﬁgégmﬁf&%%a 58%r§??%&5§

0. 75mM Fornedutbeﬁa§1QQAB{ahH%rﬂdﬂééhﬁPqué§\M§199%|MP¢¢$ﬁiF§SF§PGr§~1

such as 21, Inseha%ee%lw difasiSr sLER 88 23bstA ddinK dtimsaassunwes
such as 24, whic

onponents are wel ] known in the d therefore N
not be’ descrlbESnFﬁnﬂbﬂﬂﬂﬁa?&P“Heta&?e CPREREY Hié%mn “SGEVQPS 4&?59&3
sake of conparbfoadﬁaﬁi&ﬂub(Eﬂmﬁntckﬂgaseafo&ﬂwiuldn+parbnwnnuﬁbslarmy

and or ossunder S5pasaed VeentlaueSefpCh kol SHSAKIGHL (9, EPRRoxaReR .

20 was a secong@umet (@Thec@imsnsidsnspafiseadh, pamrmaqzwnwngothaunﬁar and

| t toth t. t _of | | d,
of Sour s, 1 O BAIEINAT nopren PEniacolBtichden Heeal lcoitblhablop g ¢
connected to thbi&ﬁmﬂﬂd kﬂuism4¢Sbéabéedtpohﬂiﬁuﬁﬁﬁ}ﬁnﬁb@sébianﬁilm I n :
addition, 4 g4 18haReqRs So%{yaixhasnaAhle¥n%ag:noar&%q\ §P6Ui 88 s8b194iY ate

be ut|||zed int e cont act_pads,

bon oper at i on) 25
fabricated 5 FByt@ep Gsﬁﬂﬁifﬁi4ﬂﬂtFPa§8PYoPrﬁﬁﬁﬂﬁlﬁﬂiﬁﬁ?hﬁFuﬁfgSFét&}‘

- standard technjfyegmet A 1litsl thi €kpesalohearPrVddBiEnY vas 350 degrees C

for one hour, althouqh qenerally a range of 200-40Q degrees
for 1/2-10 hours would be useful. If desired, another

15 netal system such as titanium-pal1adium-coppe:-nickel-qold _
may be employed in “the thin film circuit, in which case the
heat treatment is not needed, - ' A
S It will be noted that -the interconnecting ,
leads, 23, have a width which is considerably less than ' _
20 that of the pads 25 (in this case, the conductor width Uas-_
approximately O'IBM while the pads measured §:5x.7-3#nt i),

This provides a peenmebriemsoivder stop to prevent £lovw of

solder outside- the area of the pads. If wide conductors

are enployed, it may be desirable to include solder daml
25 around the pads. If the pads uero made of thick £ilm _
natcrials. for exanmple, the solder dams could comprise th.-ﬂi“
sane glaze material used for the crossunder structuges lnd}{~;
therefore be screened on the circuit during the crosaundo::-f?
fabrication. . - - . -

30 It should be appreciated that althouqh thc
' supporting subscrate has been shown as a ceramic thin fila |
circuit, other typaa of substrates can be utilized. For. '

-

J ; ~ example, the suhstrate could be a printed urrinq board or

~ thiek film“ecircuit.
a5 "~ In accordance with a kay ‘feature of tha
invention, bonding of the qarrier to the substrate
ineluding the thin film citcu;t?;s effected by utilizing
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2[err]. , The, di nensions of each pad were approximately 0.5 x 1.3mm Wen.
thig particular nmetal conbination is utilized, it is desirable to heat
treat the thin film10 circuit to obtain an alloy which has a sl ow

di ssol ution rate in-solder and thereby prevent formation of brittle
internetallics. A typical heat treatmeft =was 350 degrees C for one hour,
q‘,hough generally a range of 200-400 degrees for 1/2-10 hours woul d be

?Sfful IfFgeﬁuwﬂ$réﬂuﬁm@ruﬂﬁcnnﬁhatn238@%mﬁ$%&1éﬁe int%he ﬁnap? ff

i tani um pal | adi um copper - ni ckel - 0 n e in fi
circuit, inSeReS®Scas 'I%es%%’fe?rgégn@ﬁt Ftig % r?ée‘ﬂe’be 3pP #?F be ﬁg]teed

t Eat the i Rbehe‘;araﬂteqiadué Jd£aipe aﬁjﬁphaxeraew @tsh slbi’ddwnh o CDﬂStdetablelyl ess
than 20 -that of th ads_ 25 I S, case uct or

appr oxi mat eF§. © % %WRﬁe 9% Pbgﬂscﬁﬁgg&Féd ég? R HLoRy th BRI des
a 5 cafedelr is ptegpenolprevssideired ameyjnkfetmnéldehoﬂémanaa of

t he pads. o] cIude
sol der 'dam;gggw a&&ue%gadt%é Q{é fﬁ?ef?g{:ﬁié%(la gttv{‘enf&/et%dgé*iﬁgﬁﬁg a?:'&
naterials tbnr@xamaeﬂ0t¢mn¢©¢§etsdan$wesmlGhﬁnﬁ#d%e14h@ntanﬁhgbaz§he

mat eri al e nder structures and therefore be screened .on

t he CIrCUIt gu?%n Eﬂﬁbqggﬁggunder fabrication. 30 It should be

appr eci at ed t hat aI t hotRy R EFRESTPESr FL kY SMESIE%AMP IR OHebhesRENF tiSe, OF
ceran cqphi Rhlel liMvdnidd, théf: EYRAdall s:qlasat:nai@,s saﬂobgnubalsuechufor -

exanpl e, the substrate coul rinted wiri thick film
circuit. 35¥as applied tp a@&%rﬂ%ﬁgéeﬁﬁ P45 e\ s eaﬁtﬁ eg%'f’ Xt KBS Rventi on,

bondi ng of shandard crcémmébeisubgt aghdliandeidnk tdechhas thosecsoddit is

effected byu%h'ELQ'ggtradeGnames Alpha 100 or Alpha 611 by Alpha

Metals Inc. The flux allows the solder spheres to stick to
15 the contact pads. The épheres'were applied to the pads by
dispensing either through a hopper oOr through a metal
template positioned on the cgrrier. Another.alternative is
to form a photoresist mask on the carri After the
spheres were positioned, the solder wasL ved by heatinq
20 above the melting temperature for a time sufficient to bond
" the solder to the pads. In this case, using a solder
composition of 60 percent by weight tin and 40 perceant by
weight lead, the structure was heated at a temperature of
220-240 degrees C for approximately 10 seconds., It will de
25 noted in FIC. 2 that some solder will flow down the grooves
' ‘on the side of the chip carrier. However, the solder |
should essentially maintain its original shape. Follo#inc
reflow, the flux vas removed from the carrier by applying a
_ standard solvent cleanser such as freon,
‘30 An alternative method of bonding the spheres to
' the carrier or substrate, w&ich appears preferable for a
commercial procass, is to utilize a solid phase bondinq
technique. )

3§

Basically, the proces§ inQolves applying the spheres to the



sol der preforns which'in this exanple are in the shape of spheres. The
spheres(16 of FIG 2) may be applied to the contact pads of the chip* #+ ,
carrier as shown or alternatively to the pads of the filmcircuit.

Application to the chip 5 carrier is presently considered the preferred

enbodi ment since there is o interference g Lh other conponents and there -—
- are no conductors between the pads 14 onto whi ch the sol der can creep. In Ax/
accordance with one exanple of the practice of 10 the invention, after -
standard cl ear¢®Rtagts 83ds- wadde theating BPpRi S4mPertS L rIvet balsv the

Thg fl;»ﬁ Wfts g.eiaﬂdar gloi‘ﬂQmBif @ 1 ijyomarlabheafplpumwtfrmé hesetgel d
unaer e rade nanes or nc

“allows the soI%l%’i‘egﬁﬁerésl'ﬁ;l 45 &Ry i€1¥ hépeﬁﬁf‘&ﬁﬁtﬁgﬁ i 'SI;‘H}%s pﬁﬁ@sl&e‘gx\
appl i ed to?&hespmdseby Gbanaml rigsetﬁéleefbhaosghea:tmloﬂﬂr solidrstghea =
Tetal LeMPISt o PPSLALRRRd 8N LIe SAHILE e pdnehReha] WA MR L sad O ORI

photoreS|st na were
sol der was sI|gh¢nyreéibcumw-byﬂh§§4rﬁPQOnabévéOthéhnﬂ&ﬂmg zeﬁ%ev&narend

for a tine SUféi&iEﬂ?q 8tQ%@ngnﬁ ﬁ@'gfimiﬂaigﬂ pads. In this case, u3|ng a

sol der conposition o weight tin and 40 percent by melg
| ead, the structure was Hé&teéd tdre aSQ’e‘h‘E)’érHEEréO(B#eEZGﬁZZR?“He"g#@é%eElf she

appr oxi mat el y é&fssendas Ibbnwéd te %nehsdttat@ G ¥gdiws &%sﬁﬁl-ds&ed
- will flow down_t grooves Qn e side of the chip carrier.

sol der smﬂﬂcigégﬁn FﬁlP?p%%ﬁﬁ%u?P¥§stbﬁ?gFﬂth§h§&thsﬁI Vfé?lS& the

the flux was rewpyegateom (ha warndetvoyy apphy rfguac Sy dee ohxspij/emto the
. ¢l eanser such as

spheres to the® %Jaé?f"e?n E(P'?ulf?t:rralteer‘?/\h %ﬁeggrﬁg \ép "g’feéerg%g*'%ggg 29 e
conmmer ci al procleessoldero bumps asere sbh i dophase lvdndi mprmesponding3&ontact
Basically, 1he,pRoCgRsend’ Yubat ARRL YARE LRE SRIYRUIP V¥ neated to
- 18 reflow the solder and form the bond. Again, heating vas at -
a temperature of 220 240 deqrees C for approximately
- 10 seconds. FIG. 4 shows an,end view of one- such carrier
bonded to the circuit of FIG. 3., (The components on the
sﬁbstr#te are relatiVély thin and therefore not- illust:ated
20 in.this viev.) It vill be noted that a large gap wvas
formed between the carrier and substrate., In this.
particular example, the gap was typically in excess of
Q- *3mm. s With the dimension depending on the diameter of
. the spheres, the size of the contact pads, and the weiqht
25 of the carrie: as explained in more detail below. In
general, a gap of at least G-25mm is desirable to- insure . '
adequate encapsulaticn and proper cleaninq under the ’
carrier. Again, the S0lid phase bonding technique Qwowcwo%>
described &n-ur—5v—Feeewe-epp&éertton—1ﬂhik~ﬂ+r-&tntetﬁwmty
‘30  be used as an alternative to reflov bonding.
It will be realized that the size of the solder
:phc:os is an important consideration in ensurinq support
-3 4 the macro-component at the appropriate height. The
analysis is mucn more difficult than in the case of donding
35 nmicro-components Such as integrated circuit chips since the
welght of the component must be taken into account in the
present case. Thus, in order to aid the skilled artisan in

- s
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7 contact Pads while heating to a tenperature just below the nelting point
of {he.selder and applying force to the spheres, which is typically
approximately 5 Ibs.[err](2.25 kg) per sphere. Bonding is therefore
effected by solid state 5 interdiffusion of solder and the pad
nmetallization rather than reflomnng +hes~ the need for fluxing, reflow ng
a‘g cl eani ng steps may be el i m nated. After t he sol der was bonded to the

carrier, theFﬁ EE%ﬁQ?ﬁ%E&ﬁl tfn&QE St3§t§§é¥¥§i§' is Su%%&n@@ﬁegflo.

flux was app he con strat
(Alternativekhe rbdamugnshmmtheeppéneaoﬁderhénﬂﬂnﬁﬂskﬂﬁtfﬂ?%aﬁ#?ér $aPThe

carrier vas RSLLLOACA 0 JJind Mg SPhohaBUBRR YAk Contact i Lh

correspondi ng-contact pads strate and the structure was heated to-
15 reflow the sol der m-foﬁm he eoAss-sagaiionaledtian) afsthe a

tenper at uge Q%p%%Q‘i%Q:éjeéH% &ffersapaee le?! Whld apceelsrrfe6 hdsshows
0

an end vi ew one such carrier bonded circuit of_ FIG iﬁ? The

conponent s oReeRe bomtad £ the §%‘P%?F§eP9 lsﬂlbﬁtéﬁtfecher're‘?%r%i
it1ustrated ZQrdwldH“étdﬁfﬁE)radiuﬂﬂb|wbtthMQiﬁf&ﬂnﬁbﬂéﬂﬂecgnpataSe

f d bet th d trat t hi i cul h
oy Sat Fa Al e B R Rl o b G BT RE sl
di anet-er of hhetSlFﬂ’I&rdEtS artchehsttemo&ft hhec@waqt Eans  consittabnedi it 25
of the Cgérlerf§&8%%|réh#] fndggagtget§u el 1V 6 geggéahsgglgep of at

] east 0O ?% Thslre-ddéquate encapsul ation an oper
cl eani ng undsnwﬂm;sxnn|m§¢taWQheﬁ, ahd §m|&jqﬁﬂ£§ﬁ1ﬁ#ﬁﬁn§a@e9ﬁnlque

previously dgsgen Yx¥ is considkled 3P hda Uses-pe & ahh%eqfdn\ee to
reflom1bond|ngs It vmqﬁ e realized that the size of the solde
area with an equivalent diameter of

P = (-

3.9 4
z )

1/2 | o &P

15 ' The contact areas Qf the- soldertyill be
constrained by the pads as shown as long as the weiqht of
the macro-component is not so great as to cause the
circular arc to become a complete semicircle. This
condition is to be avcided to prevent bridging to nearby

20 conductors, Jumplng solder dams or collapsing of the solder
shape. _ '

A small amount of solder flows awvay from the
solder pad on the supporting substrate and can be ignored
_since it is only 1 percent of the volume of the sphere.
25 The amount of solder which flows into the grooves on the
'~ side of the chip carrier, however, is more significant and
should be taken into account. In this example, the volume
of solder lost to the droove is approximately a half-
cylinder of radius ©@-2ma, thus giving a volume of

30 approximately ﬁ 002 3.

In this analysis. the weight of the carrier is
suppor:ed.by the surface tension, S, of the solder which is .
assumed to be a khown constant for a given soldet'alloy at
its melting point. For the 60 percent tin =u40 percent lead
35 solder used here, the melcinq point is well-defined at



spheres is an inportant consideration in ensuring support of the )
macr o- conponent at the appropriate height. The analysis is nmuch nore. ,. ,
difficult than in the case of bonding.35 mcro-conmponents such as
integrated circuit chips since the weight gof. the conponent -nust be taken
into - ‘account in the present case. Thus, in order to aid the skilled
artisanin . - 8 - the practice of the invention, an analysis is"’ presented'\)w
of the rel ati d8Shidedraegkch solflepnspréde észéllgfa‘ﬁe%l te, fgﬁpvdl%rﬁ,‘@%

wei ght of thet%gi%comppe&e Ft& ah i%detErabnseet vo0ak. Vi @¥ne f ot Sis
approxi mat e shape of a sol der gfgrafter the chip carrier has been bonded

to the suppor 8SRYA& L theh d&S SrETonT &Aool tQ BFeVRAtuSUFR t h
their center egkiQw funszxi®h &£alinehdesurddde (Yen<boh casshniese fvgmadiwun
areas at tpe tog and bottom of the Ilunp are constrained by 10 circular
pads of di Sol der pads-are usually squares or rectangles, and so
a rectangular pad of di nenseqnsl XeiYiug ,cahe doldbwingeralationshdp is
equival ent ar £3 Wlth an equival ent dianmeter of [err] 15 i The -
contact areas oP the. solder lunp will be constrained by the pads as shown
as long as the weight of the nmacro- conponent is not so great as to cause
the circular arc to become a cpnpl eseddenicircle. This conditioRaqys to be
avoi ded to prevent bridging to nearbydﬂo ‘conduct ors, junping solder danms or
-col l apsing of the sol.der shape. A snmall anount of solder fl ows away from

t he sol der padhaaetmewmpétwngbatr TR HAELHMCcHRpbHERE CYeInC Ddrddd,

ly. 1 f th | f th h 25 The £ of solder which, i
'?Fo&s lﬁ? g gﬁogyggvo 3 g tenglgg %%ethe erde:,”R ig ti% f%se 'C -

surface area of the solder and H is the heiqht of the

solder shape (i.e., ‘the gap distance between the bonded

component and the supporting substrate). It can be shown

that the area, A, and volunme, V. of the solder shape of
15 FIG. 5 are given by the follquing expressions.

B, (2o (2. D o
A= 4 G+~ Hz")sin =1 (-5%)1 NETE
: B2 . H_ 2 _ P :
Vel (g -33 %0 -3 Q:z - 5_3)1)
. -
VU | -
+ 2% (5= (p2 L 2 Jsin™' (330 (4)

L3

vhere P is the diameter of the pad and b is the radius of
20 curvature in the plane shown in FIG. 5. Equation 4 is alse
' equal to the volume of the b;iqinal'sphere (nDalé. vhere D
is the dianeter of the sphere). .
- Equation (3) depends oa,ths'assumption that the
radius of curvature, b, in a vertical plane is the same all
~ 25 over the surface of the solder. This assumption is valid
1f the veight of the solder can be ignored. This
approximation seens justified since a Q+5mm diamater
sghere veighs 0.6 mg and a 'nm diameter sphere weighs




v‘—"‘ . .

side of the chip carrier, however, is nore significant and shoul d be taken
into, aegount. In this exanple, the volume of solder lost to the groove is
apprOX|nater a half- cylinder of radius 0.2mm thus giving a volume of 30
approxi mately 0.08/[err]. In this analysis, the weight of the carrier is
supported by the surface fension, S, of 1Phe sol der which is assunmed to be a
krigwn constant for a given solder alloy at its nelting point. For the 60.
‘percent tin s4f narC@mhﬂé%xh§5u§pbﬂerpuse aRerss dyei 0@l t ERgpPeapt Liets -
wel | - defined at 9 - 182 degrees C. If an oxide is.allowed to form
the surface %%ngpoﬁ\qu drop to an indeterm nate value. Hence, it is .
assuned that the flux iy iStiDigg enondellospreveaticiehf oxi tihef #6ARhadl ca)d
t he surface *en5|on assuynes its ximum5 value. At equilibrium the
fol'l owi ng retht FBAsH® S °%WLkPaanq where Wis the weight of the

macr o- conponent being bonded, 10 S is the surface tension of the solder, A

is the frge surfagg¢qrea(ﬂ55 e so ﬁﬂ5 ﬁggﬁg Jﬁ helght of 18§ sol der
k

shape (i.®., the sta petme%h onent and the

supporting. substrate),” It can be shown that the area, A, and volune, V, of
the sol der shage.qfe e e he o Y ey¥prgssi gas: [err]
where P is t%ggdlgneﬁgﬁFof tﬁ?ég fggﬁdgfgﬁFl ?g t epr%d?ug gfg chrvature

in-the planefohd@¥S:n FIG 5. Equatlon 4 is also equal to the volune of
the original sphere [err], where Dis the diameter of the sphere). Equation

3) de ends ogat he ass tawn that the - _
(3) dep (2d) UMpts e (0% Hsin~ ! do1 0 (e
ZH 2 2.1/72 2b
(b - HT) .
u
S VPP G| S R R
Ay 2 (b2 - 2172 2»
4
S nPH o
10 ~ gt (7
. | _(DZ - ﬂi)1/2 .
4
(-_b_-!) = .'.‘.2.2.-_ 1!!13 R S—
2H° 4. u (b2 - 212
4
2 2 '
R_P He_ ., =1 _H
( m + 2 51N (Zb)] . (8)
(gg) - 7P b + 3nbH
T (b2 = 2172
4
a2 E
+ n [2Pb + 5 1/2I sin (Zb)' {(9)



-surface of the solder. This assunption is valid if the wei ght of t he

sol der can be ignored. This apprOX|nat|on seens justified since a 0. 5mft" -

‘di anet er sphere weighs 0.6 ng and a nn1€|aneter sphere wei ghs - 10 -

5.0 ng, while the -weight per.pad of typltal chip carriers is 20-50 ng.
Uilizing Muxwell's relations for thernodynamcs, it can be shown that: , -
[err] and- the der| vati vks hlamdeduatd @rsev{8yshnd 1f4xher eedgiitnlddvshe ‘\*-.""

lerr] usl t f conponent is
- SO great that ‘g €a§$ﬂ§°§% E‘ g's)r/vsad[ L?r"lé]ae err?@ ggpr%.gg%lé%ncﬁfz then the
cont act angl esuNatwpepabhes pPEO@ChRE t bothlegokhgpsentactheangle: clb 5
(m ni mum el gl beLhbsCalbNERLD Qﬁ&%&reatgguategon e 2i2d siubsi i tuting

radius of curvature, b, in a vertical plane is the same al. 25 over the g
t
3

therein the dianeter ere-to give err] where [ERR], 10 and
[ERR] The SraxdMAmd mid yhiehAhsh l’é_aﬁaﬂb iupbob e cfioBpda fgiome fditiehen of* 4 and

gi Vent padHI/ ; §x%‘§€':.9¥t§ﬁ§| ‘ﬂﬁ'fe'r@lnecﬂtﬂé 'd).{'émééér( 8) olen thize dpgndrde a6o [ Qiﬁ'b
goes to

172.1/3

H, = = 5% + [F + G1/2]1/3 + [F - e | (10)
Qhére |
F = Q% + 1%; (12 - uz)_ | _' (1)
10 and
¢ =F% + 35.(1 - ¥§>3 . G

, The maximum weight which can be supported by a
qiven sphere on a given pad is found by evaluating
egquations (5)=(9) in the limit as b goes to "2, which

15 gives: ' 2 ol

I . --&
Wc ‘= ZSP (- m PV

| L 2
rry o (F s wer v D

l. (13)
2H P (4P + nH ) -

FIG. 6 is a plot of w as a functlon of D agcording to

- these equations assuming S -o.os mg‘p. Q%ius, since the

20 weight per pad of the macro—component and the pad diamater
are known, the largest diameter sﬁhere which could be
utilized may be found frem the graph of FIG. 6. _

- Values of the diameter below the maximum can be

found by solving equation (4) numerically for b, and

25 fin@inq the derivatives given by equations (6)=(9) which
are then used to solve equation (5). The solution is then
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15 gives: [err] FIG 6 is a plot of W as a function of D at according to

these gguations assunming S = 0.05 ng/ [err](1.3ng/ ml). Thus, since the 20
wei ght per pad of the macro-conmponent and the pad dianeter are known, the

- largest dianmeter sphere which could be utilized may be found fremthe graph

of FIG 6. Values of the ‘di aneter bel ewighe nmaxi mum can be found by solving . -

eqdatlon (4) numerically for [err], and 25 finding the derivatives given
by" equatlons (.9 C e 0 soI e o]

solution is Fﬁl’?ﬁt éuteﬁ {'ng%bgw?@}gﬁ q oté’q Q{eoﬂﬁ'?z% ?o£mdi%} °£ He
function of dm&nﬂiFTofbmllukusatavevoupwmpus%5‘thmectbﬁﬁhﬂhlpnn'ﬂés made
for sel ected val uefsorof Sredténd nggg Bgefl; eq,t:l dma PhiA&deRe sBeWRtisn FIG

7 in the for M helgh 255 5 Tunction o ere diameter, both nornalized
by dividing plattedas dizewn ein Féﬁ-varm@u$hﬁﬂiR£Rﬁ°ﬂVF!ighﬁ F&bRe |

bel ow, speCi fd ﬁ&ﬂwmﬁé@ré?ﬁéeeghisaeft% S Rdrdcpdl opeaf b§‘ am&awantbf

sw t chi ng circult such as shown 1 n part In W |

real i zed 10 ﬁmﬁ:RQQxﬁéﬁﬁﬁbﬁﬁteﬁgraﬂéréﬂﬂﬁﬂﬁﬁ%Fﬁnﬂﬁs“%ﬁ?d not be taken as
I:c][ntl ng thehl nvegtl on.1atrabik lrebeabad tstﬁchim: e;ﬁiecﬁeverlsohuﬁeqa.mi_n
effective sp ere di'angter take intq account the anpu SO i
t he grooves QF %ﬁ§§36+°9h8%cﬁ|ﬁ%ﬂiﬁﬁ%ﬁ“tT%%fgﬁgga gﬁ& @q%B
cont act anglas[gﬂdﬂ shove phspabeedancIQH ateek. IItmuillbbenabadﬁzuﬂ

there is sat Iﬁ%ctwéggggﬁe;ﬁgg rad e gEASYT £8ahEh8AL ol HoltX e Rk drf'€

calculate rier.
as limiting the inventlon. It Wwill be noted that the

. effective volume and effective sphere diameter take into
account the amount of solder lost in the grooves ' ;
(castellations) of the chip carrier. The bulge, B, and the

15 contact angle, ©, have also been calculated. ‘It will be
noted that there is satisfactory agreement between the

| measured height-(H Exp) and the calculated height (H Cale)
of the carrier. ' ' " o
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- 13 - TABLE | Wth Chip Enpty And Lid Sphere Dia.(mm. 0.8

1.0 0.8 1.0 5 Solder Vol. [err] 0.28 0.55 . 028‘,_1
0.55 Castellation Vol.[err] 0.08 - 0. 08 0. 08

0.08 10 Eff. Vol. [err] -~ 0.20 0. 47 - 0.20 0.47 D (Eff.

Dia.)” 0.72 0. 96 _ 9.72 - 0.96 (mMmm 15 Pad Size,

(m) 0.5x1.3 - 0.5x1.3 - 0.5x1.3 0.5x1.3 Pad "dia."

0.91 _ 0.91 0.91 .. g 9.91 (mm, PDP ' f”
0. 80 1.06 0.80  1.06 Wi ght/ PRkRgE T 229 22.9

33 33 20 WPS : 0. 495 495 0.713 0.713 - -

Cont act angl e . Terr] _ [errb]rmaq [err] Wﬂﬁﬁwqhﬁnnge (B) (nm) .

0. 96 1.10 0. 97 1.13 H (3ght) (nm) dndg Lid (.55 -

0. 28 0. 54 5 H i ght : 0. 48

55%;“? ng'b?ef(é'g'%‘jgd en%ogn)rrents‘f'ﬂr gener& €& omretcioal

'productlon is expected that the sphere diameter will vary between 0.5

and 1.0nmm "di er" 3@.ga !l var 1. Omm
-and the wei gh:ﬂ@fdﬂ?%e‘?%gf 1‘1"@? per %ng&wl LT egmvvl thin 4tge§range -100 nyg,
"t hereby resultlng |n helghts from[err] 0.25-0.75 nm It should be realized
that not all f@ﬁhl p carrier need be soldered. This will result |

in an 35 |ncrea§ﬂ|(|m wei ght pero®ad. \btoﬁvas f ounl:0f or x| e,

10
© 3) Yy
Eff. Vol. (MM 0-20 o-47? 020 O
D (sff. Dia.) 012 o-9e T2 096
(e - .
15 Pad Size (mm) oS 43 ©Sx2d 0€x13 o8¢
Pad “"dia."™ . o1 ~.an . O-q .
(D , q oﬂl | o9
D/P 0.80 - 1.06  0.80 1.06
Weight/Pad (mg)  22.9  22.9 33 33
20 W/PS 0.495 495  0.713 _ 0.713
Contact angle "68° 51° 65° 4g°
Bulge (B)(n\m) : 0-9% \- {0 047 (a3
H (Heiqht)(mm) . 0-28 oSS 028 oS¢
Calc. o -
25 o (Heiqnt)(mm\ oo 043 - -
EXDe : _

In preferred embodiments for general commercial
production, it is expected that the sphere diameter will
vary between O-S and |.0mm  the effective pad "diameter"

30 will vary from 06 — (-Omm and the weight Of the carrier
per pad will lie within the range 10-100 mg, thereby
resulting’ in heights from CB=E=Fswm, 0:15 - 0% o~

‘It should e realized that not all pads on the
chip carrier need be soldered. Thls will result in an

35 1increase in the weight per pad. It was found, for example.

1?
f
F
é

mEETTITINET S oy



A ol
- 14 - that when solder was applied to only eight of the 24 pads in the
package, the carrier was supported, whereas when only 4 of the pads were
sol dered, the sol der pillars collapsed as predicted by the theory devel oped
above. 5 _ It will also bé realized that in certain packages it is
desitable to bond the macro-conponent an fpth sides of the supporting

ibstrate. When the conponent is suspended upsi de down fromthe underside
of 'the substrate, . it, can_be.caonsidered to have negatiye i ght .ang the 10
anal ysis pr evmﬁ'y ?)?gsﬁﬂigﬁr Wil l?é’pal&p?‘{]c"a‘bl%“ %r%"ﬁng%g%? o RAAer
is not stretched hmqondcnaqyblmdercaanﬁﬁrruxguswgpuetgat whlelr ela@nd Heh
stretch the sq Pilka be de able to increase th a
di st ance by ad%gf dé%t# e %g?éhfﬁn§q e%%.fl%Qeo?oi err@ﬁgﬂgrﬁb whi | e
t he carrieris;¢lﬂemseépeadade$uated Alyt tthg e hser pf davphobieduldiove. .
conposi tiong of sol der. (69.pg n 0 I S cri.bed
It should [)Se under st ood '?ﬁ 'ﬁ% taltrfi\?g-r?:gl or'gequgffn% @ﬁg% %ﬁt eg%%ti% % schacfe%ss
“whi ch may typiialis %%Séﬁbpéye&OZGOmﬁdﬁhﬂaMEﬁﬁﬁﬂ%@nvoneaﬁ ®npdotdntsitdes
and 90 percento# eggle é&)pss&s.@ﬂt; SubstifatdeNertleni tnbScORpbRARILE 0 choose

an active solder with od nechani cal_ properties, requiring no hi
t enperat ure prijtsRendec aHBshHPcﬁ°"§ L Metthd)| W derphde pfothessubstrate,

It should al satecawtpe tbasideradditid Kave nedt vagvaibatdanaarp@d st ance, -

el e PPN S MR R S R C NI VS
phases. 30 long as theisaidaddisi aoxl suxkfdiked i begond! b kyramaeanpar ent
to those skilled in the @ffheoAhl UG U AR i1l tend to stretch the
' solder pillars, it may be desirable to increase the gap
distance by adding additional weight to the carrier or

15 remelting vhile the carrier is in a suspended state.

Although use of a particular composition of
solder (60 percent tin-40 percent lead) has been described,
it should be understood that the invention is not so°
limited. Other solders which may typically be employed

20 include 95 percent lead-5 percent tin and 90 percent lead-
10 percent tin. In general, it is desirable to choose an
active solder with good mechanical proberties, requiring no
high temperature processes, and which is as wettable as

~possible. ' _

25 - . It should also be noted that in addition to
'providinq a large gap distance, the present invention also
results in increased reliability as a result of ‘the high
solder-to-gold ratio which inhibits formation of
intermetallic phases. '

30 Various additional modificat;ons vill become
apparent to those skilled in the art. All such variations
which basically rely on the teachings through which the
invention has advalnced. the art are properly considered
within the spirit and scope of the invention.
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~ macr o- CorrponentoCﬂﬁarﬁestaswm ccahwet:apnderonBthmaamtdmxbmwnitp

whi-eh—bas+eaty—rely—on the t eachi ngs through whi ch the invention has
inv CLAIMS 1. A nethod of fabricating a circuit packéﬁé*g
of providing an electrical macr o- conponent which
includes a first set of contact pads 5 %orned on one surface thereof

.adv ﬁmlm ml properly considered within the spirit and scope.of the

‘provi ding a’ supporting insulating substrate Which includes' a second set of
contact pads fornmed on one surfacetﬂﬂ&ﬁ@ﬂ§correspondlng to the first set - =

of contact pads on the rrg‘grgl e olpis'y ri@&‘?iﬂgng' Eﬁrkt} tn?,g onent to

the substrate by 1 ering sald sets nt act , in which
sai d pads |ncl%@mpuiﬁéy6rtbﬁ @dﬁ?ﬁtﬂ#eiﬁpvhﬂﬂnsaﬂﬂ §éﬁ&é¢hﬁ}lsﬁ%ﬁ#ﬂrby

bondi ng | arge, ¢ sagohkh tS Whd®h AMIAIdSs A P1iPEE 8b1Sdicd coNtacH ped act
pads, bringing th ot her set of contact pads into contact with the 15

pref orns, Sand $RFALAgODH NG SRITACY GRNELQR) (PEPNEALRG: B PURIRELIMpads so
that the wei ghingalamngaﬁwsqﬁrmm%mﬁ ﬁuepﬁabedabkemmrﬁprdw whi l e

ac hea

tBUETaFR, Thexend; FalResponding

‘mai ntaining a gg bet wee the nac: dph(ﬁggnent and suhstrate of at. | east
i

e Lher songEnotdiag Y, 'w&%ﬁcsééé‘%ﬁatﬁgt?i%ké‘tf" B e
preforms are ss)tsuaaenwgt baaddusmm @f Womtaétepadst togetthe m,anige whibeh . Omm.
5. The nethod aCer LH% Egdi fgvgﬁ Qrt281d thereon, and said
' soldering is done by bonding large, lead-tin solder
preforms onto one of said sets of contact pads, bring1ng
the other set of contact pads into contact with the
15 preforms, and bonding the prefotms.to the said other set
of contact pads so that the weight of the macro-component
is supported by the preforms while maintaining a gap
- between the macro-componeént and the substrate of at
least 0.25mm. . _ _ '_ _
20 - 2. The method according to claim 1 wherein the
mébro-component comprises a ceramic chip carrier.

3. The.method according to claim-1l wherein the
supporting substrate further includes a film circuit
formed thereon, ' .'

25 - 4. The method according ito claim 1 whereln the
| preforms are spheres with a diameter which lies within
the range 0.5-1,0mm, | '

5. The method according to clalm 4 wherein the
diameter of the spheres is less than or equal to that.

30 value which satisfies the relationships:

| Hé = - E% + [f + Gl/g] 1/3.+ [F; G1/2J.1/3 . and

' - 2w
Wc. = 2SP L=~ < -7 ¢
35 , R |
v (2P + nH) (PP + mt P o+ 28 %)
| 2HF (4P + wH)
38 | . - N

1



di anet er .of t he spheres, is less than or equal to that 30 val ue which
sati sf i'essthe rel ationships: [err] 35 38 - 16 - where [err

the di anmeter of the sphere; P is the equivalent dianmeter. of t
pads; [err] is the weight per pad of the macro-conponent; [er ’"EM’I ’!HHH‘”"I
di st-ance between the nacro-conponentygnd.the substrate; and S Ts “0¢t t

sunLace tenS|on of the solder. 6. The nethod according to claim1 wherein

t he prefor Mhe¥F@ bonded to one st of cpntact pads by applying a flux.to

sai d contact pads, placinggthke efqor. rﬁihe_pﬁ and reflow ng the

sol der by heating to a tenperature 15 east as great as the nelting

poi nt of the solder. 7. The nethod ordlng 20, claim1l wherein the -
preforms are bonded to theGsa &<otsh S ofL p%;act pads by heating at a
tenperature at- | east as great as t he She Itln-1%0|nt of the solder. 20

8. The”nethod according to claim1 wherein the solder conprises a m xture
of 60%tin and BO¥s| thd. dlametea it irk axpleexe ngPt bscthem 1 mherein t he.

iranti um SUrTua EnEoanaRseat BE Ve it SEaghoRC e BenRiE o m 1
wherei n thq)mrpadtopaﬂheomach'oqmp@mimrﬁ tisotipe i gepsddsaanme Iayers
f‘;} t“”95te’be&#&&?'tﬂ@dm%&g-c%pom%ﬁtxn?dtﬁ&Cé’&ﬂ'é’&ﬂai:&? chagmsl gyherein

.© 10 the surface tension of the solder.

6. The method according to claim 1 wherein the
preforms are bonded to one set of contact pads by applying
a flux to said contact pads, placing the preforms on the
pads, and reflowing the solder by heating to a temperature

15 at least as great as the melting point of the solder,

7. The method according to claim 1 wherein the
preforms are bonded to the said other set of contact pads
by heating at a temperature at least as great as the
melting point of the solder.

20 8. The method according to claim 1 wherein the
solder comprises a mixture of 60% tin and 40% lead.

9. The method accdrding to claim 1 wherein the
contact pads on the supporting substrate comprise

' successive layers of titantium, palladium and gold.

25 10, The method according to claim 1 wherein the
contact pads on the macro-component comprise successive
layers of tungsten, nickel and gold,

11, The method according to claim 1 wherein the
macro-component is mounted on the top surface of the

30 substrate so that the weight of the component is
supported by the solder preforms.

12, The method according to claim 1 wherein the
macro-component is mounted on the bottom surface of the
substrate so that the solder preforms are stretched by

35_ - the weight of the component. |
| 13. A method of fabricating a circuit package
substantially as hereinbefore described with reference

38  to the accompanying drawings.
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nacm_cnm,:anem_l_s_nnunt ed on the top surface of the 30 substrate so,that |
he wei Eht of tEﬁ iorrponent i's supported by the solder preforns. 12. - dhe,

uum ut}mu" claim1 wherein the nacro-conponent i's nounted on the
bo

he substrate so that the sol der preforms are stretched
by 35 the weight of the conponent. 13. A nethod of fabricating a circuit:

package substantially as herei nbef or e- dekZrided with reference 38 to the ,_(o

acconpanyi ng dr awi ﬂgfh A gg_r%l tné’ﬁl 30% lfﬂﬁ-icﬂ%haﬁﬁ hleoremrae i n -
0 cl ai

accordance with a

speci ficati on wheh hemathlodpra@dm:létin!gﬂ pm)t%ﬁpyrﬁﬁ I’ré‘gaﬁﬁallt%mt s ori.gi nal

typescri pt. It may contain a few amendments which are dlffICU|‘Eet£
o cted on L SIS o T, R T TR
i nspected oniiy £M Sesayofontalres o AT gmctoﬁ on tne premises of the Patent Office -.

typeacn.pt eanta:‘.ni.ns these ancndnen

v ed

preced |n c; ai m, The text -of: “the




