-1- 2196178 SEM CONDUCTOR CHI P CARRI ER SYSTEM This invention relates to
seni conductor chip carri‘er systems and, in particular, to sem cozgtjgtgll?g
chip carrier systens capable of reliably electrically connecting

sém conductor chips to external ¢ircuittry in shvironnents of variable
tenperature and stress. Due to their small size and fragile nature,

integrated circuit sem conductor | are commnly packaged in integrated
circyft®chip carriers. A chip 1%M$Mﬁmmmt rate of
ceramt=or other rigidg | at. ; ' ving.an.integrated circuit .
chi p mounted t hereon aﬁﬁﬁgiﬁﬁﬁéﬁﬁéggfﬁﬁfﬁEﬁgz%30?3%6%%ﬁ§€8€8rmﬁ5&8 EREEAET
from adj acent the Lhidapded B&{ | fad N ' :
term nated by 15 s_?nyl ar ge co'_nt act™ ar e%%lﬂoa}f,cg?ﬁ%@%%ﬁéﬁ%?éﬁﬁﬁ?%y?&%rler
nul ti-chip carri esysteis abaphbleNCof PFeal b1y t BiRcRrikanl yo! cBAHSLRINng

whi ch protects_and supports the multi-chip carrier substraté and the chips

thereon, and pPoviséad conduutoy @hips e dxtamaly SDFeeLtry 0ihhenvibehmahes
.to a printed circuit board or other external circuitry. Generally, the
frame or housi ng edntaniabdepltempératurfe laavidstr@ss.end of each of the

| eads extends into the housing to be electrically connected to one of the

' contact pads on the suberate, theirhsmaddosstigecnandf Daghld ofatime, eads
- extends out of the housing to be - 2- '

~ integrated circuit seﬁiconductor chips are commonly
packaged in integrated circuit chip carriers. A chip
carrier typically comprises a substrate of ceramic or
other rigid insulating material having an integrated
circuit chip mounted thereon énd containing a plurality of
conductors which extend frbm adjacent the chip to the
periphery of the substrate where they are terminated by

1_5 enlarged contact areas or contact pads.

Frequently, a multi-chip carrier substrate is
incorporated within a frame or housing which protects and
supports the muiti-chip carrier substrate and the chips
thereon, and provides a connector to electrically connect
. . 20 the substi'ate to a printed circuit board or other external

circuitry. Generally, the frame or housing contains a
plurality of leads. One end of each of the leads ._extends
int_o the housing to be ele_ct_rically connected to one of

the contact pads on the substrate, and the opposite end of

25 each of the leads extends out of the housing to be



.connected to contacts on the printed circuit board either.directly or

- through a socket connector. In the past, integrated cirtcuit seniconductor
chip carrier systens have been characterized by including rigid substrates
of ceramic or other such non-flexibl'e mgt%tials on which the sem conduct or
chi ps were nmounted. The rigid ceram c substrates were provided with
conductors enbedded within the substrates (nulti-layer co-fired ceramc¢ _
subst r at es) copnegtied tep doantacts onykhe printedsgizcuitiboard aitherstes:

(thin- or thick-filmceram c substrates). In some instances, the.c nduﬁgﬁrs

ver e i ncor pdxesklvneyr thrnaugh o Hecket FIMNCFLPHN a surface of the =

substrates. Electrical connecti,on fromthe chip,to the conductors.af the
substrate, and fi&m PafbaciBreITR ?&ﬁﬁﬁiﬁtﬁngcﬁ d ﬁg°ﬁoﬁ9ﬁﬁ;

variations PRTEASEnavabehn delle et SRR o] oy BRTRRIACENS o
the vari8us %@%‘}'&% I detanic Aot $udi Harlor FORITS | e PERYBEN

t he seniconéhctor e substrate. Such 20 connections, however,

are expensi g i P HHE  Serfl oSt oPt cRipy tlet@ RBuftkdl el Yheatdigfiart ory.
Prior sem conductor chip carrier systens have al so included substantially

rigid housi geranie idursrited) wvere upeovidedswithl sohdustairshembesiddde
housi ng and the 25 | eads extending therethrough to hernetically seal the
housi ng.  * Sithisysthes sabstratesno(mikei-layery co-f-;t;ed ceramic '
substrates), or built up léyer by layer on a surface of
10 the substrates (thin~ or thick-film ceramic substrates). k;)
In some instances,'the conductors were_incorporated into- |
films deposited uniformly on a surface of the substrates. -
Electrical connection from the chip to the conductors of
the sﬁbéﬁrate,'and'from the conductors of the substrate to
15 the housing iéads, was made by thin goid or aluminum bond
wires to compensate for variations. in thermal expansion
and contraction and physica1 distbrtion of the various
components of the systgm, and to provide connections
between the semiconductor chipé and:the substrate. Such
20 'connections, however, are expensive to fabricate .and have
not proven to be entirely satisfactofy;

Prior sehiconductor chip carrier systems have also
includéd'sgystantially'rigid housing structures which
included'éiiss.seg;s-to seal between the housing and the

25 jeads eXtending“thgxethréuqb.to hermetically seal the

housing. Such systgms have also not been fully



satisfactory due to difficulty in maintaining the hernetic seal as a result
of variations in thermal expansion and contraction of the housing
conponents and ot her external stresses, and al;s0 due to very high cost of
such structures. Many prior sen conductor nultichip carrier systenms were
also limted in size. In particular, prior processes for manufacturing
ceram c substrates were generally unable to produce sufficiently flat
substTdtes in si safisfiaphoryy duentasHifif iond by dire maintadining (the chernetic
the drficul ties of maintaining dinensional stability of the ceramc during
firing. The qual S@plofag R XefRbEcofi Yasiadions dn cthermal sexpangien and

al so such -that high-density, thin-filmipterconnects, were not possible on
15" Che subst r at o COMRFACHAGH 2 thohoelng FARBGRaRta endc qitHer external
sem conductor chip_carrier systemthat is ,jnexpensive to manufacgture, easy
to use, and that SprERSTEY 2rd, qu n?choﬁel’Eﬁn lbfg%ném nB?e such
seniconductor5ch§Q§de%d¥% xternal circuitry in environnments of variable
tenperature and sStress. he systenms of the invention include conductor

means which, except fanyTHtidOrbeRleoh8hBELRAC M thloh iy L2 {OHSkPEtens®
substantially entirely non-rigid and flexible. The preferred enbodi nent of

the 25 inventi okeireclaldrs 1dnived i siR .0 I FRArREBIAUGrior Pirscasses
substrate, and a plurality of flexible - 4- :

for manufacturing ceramic substrates were generally unable
to produce sufficiently flat substrates in sizes larger
than about two inches by two inches due té the
difficulties of maintaining dimensional stability of the
ceramic dufing firing. The quality of the surface finish
on prior ceramic substrates was also such that
high~density, thin-film interconnects were not possible on
-15 the substrate.

The invention provides an integrated circuit
semiconductor chip carrier system that is inexpensive to
manufacture, easy to ﬁse, and that provides reliable
interconnection of one or more semiconductor chips to
external circuitry in environments of variable temperature

-and stress. The systems of ﬁhe invention include
conductor Imeans which, except for small portions
interfacing the system housing, are substantially entirely
non-rigid and flexible. The preferred embodiment of the

25 jnvention includes a housing, one or more semiconductor

chips on a substrate, and a plurality of flexible



conductor neans, including first portions carried by one- .or nore walls of
the housing and having substantially non-rigid and conpliant portions which
"extend inwardly fromthe housing for connection to the substrate and 5
outwardly to external circuitry. The'flexibfe conductor neans may be as

m nor as 1800 in nunber or nore and be spaced or close as .010 inches
apart. Interconnection between the chips on the substrate can be nmade in

t he traditionafondugsorumeans,a ingluding nfinst pertions| garrieds |h}edmamd
pllated conductors. The |nterconnect|on can al so be, nade by new nean

where the ch|hp°F]9|"'&¥ep "&ﬂ'ﬂ'l%g?fnd'-bfﬁat ?‘éshﬁgeaf‘ﬂorﬁ%f’g}'ﬁl E%FEPF&PHYCI
ggﬂéa'cg:sgg ialsnﬂﬂng')“ 107 gt “$onel fait} Rortdons nd aSt?fgg?‘d e "'dn
chreut int hgﬁggﬁertgldennn@q‘s%gaﬁ?t‘&% ?’Z?@oﬁ’egf*? gﬁe%@??'%éteaq‘fte
attached tOSthSuégQ§&i gﬁﬂﬁﬁhgﬁﬁ nlypha 2? ﬂgfé“ékpductor

permitting the su stra e an rcon cting. n 0 expan

contract '”depﬂédﬁgth&‘Egﬁhéfﬂfﬁoﬁsaa @YY ikl ndmseR! fuhérﬁhﬂﬂﬁfbe
according to the respective co-efficient of expansion of each. This

el i mni at es hagpavedi brceliosenas Q0100Upches apaaral |y referred to as a
"bi-nmetagl" effect. The present invention 25 can thus provide electrical

connections that eIIntatbeanechenm:hetﬂannnthblehipsamneﬁhbsSubstratethe

systen1 : -5-can.be made in the traditional means such as a thick £ilm,

10 thin f£ilm, co—firéd and plated conducfors. The ' {L)
interconnection can also be made by new means, where the
chip-to-chip connecting net is made from organic material_
containing thin flexible canducfors disposed in at least
one layer, and in some cases, as many as forty-five

15 jayers, arranged in a "microstrip" or "strip-line"'ﬁanner.

In all cases a window ié'prOVided:fpr-the integrated
" circuit in the interconnecting net. The interconnecting
net is not attached to the substrate over all area, but
only in some-points, permitting the substrate and the

20 jnterconnecting net to expand or conﬁract independent of
each other as a result of.tempefature change accordingjtd
the respective co-efficient of expansion of each. This

---gliminates harmful interference on coupling generally
: referred to.#s a "bi-metal" effect. The present invention
25 can thus provide electricalJCOnnectiqns,that-eliminates

otherwise unavoidable strain and stress of the systen.

K



In"a preferred enbodinent; the semi conductor chip carrier systemincludes a
housi ng of generally .rectangul ar shape having a plurality of |eads
extendi ng through one or nore peripheral walls.. The |eads each include a
central 5 portion enbedded in the housing wal T3] an outer conpliant
porti on extendi ng outside the housing and adapted to be..electrically
connected to external circuigéﬁégand an i nner, conpliant portion which is

adapted to be el ectricaftPy & ?Eﬂe‘?oeﬁ‘begm'péﬂi%nsﬁmiﬁ?BdE‘&FPFthif’
bstrat® 10 i ted within.th i_ng. Th ' [ t rat

T Tormed Trom a r PAFGLRE, BY xR 4 1uadss o) Ropsd par o enatal 1Y, rRFkandiar

e | i ] \ . di ! .

bre ol eotribal 1y nehape BETIRATAEIATTTeRS of T03GR it ehiba] hirclioh (Y or

in the walls of thgobgupeRdpnerad! SN2l PHY ol £odeceabRNiABTRAR @' détibral
preferably conmprising athin, flexible, plastic film contains and supports
a plurality of 3fl psrbien eabdadedr Sn fthie HAMiTE W18 ,NtA CANGE E88pl Hant
plurality of chips, and for connecting 20 the pads positioned around the
periphery of the fpbrtiont extienddng eartside tttee f houminghanti ladapted to be
mechanically retained in sone spots to restrict |ateral novenent of the-
filmrelative to taktectibicrilly bonnectgdntpakekyesanicedecluitayt, hansulest rianer
over substantially its entire area to 25 pernmt the filmand the substrate
to flex and di st or coppidpatdannticy waichndshadapted gto be electrically

connected to a contact pad on a chip carrier substrate

| \,) .10 incorporated within the housing. The chip carrier
substrate is formed from a rigid material such as ceramic
or metal which is adapted to carry a plurality of
semiconductor chips disposed in chip carriers that are
electrically mounﬁed thereon. The chip carrier substrate

; - 15 is nested in the walls of the housing. An electrical

interconnection:member or net, preferably comprising a

thin, flexible, plastic film, contains and supports a

'plurality of flexible conductors for electrically
intérconnecting the plurality of.chips, and for connecting
the pads positioned around the periphery of the film to
the inner leads of the frame. The film is mechanically
retained in some spots to restrict lateral movement of the

i. . . -~ f£ilm relative to the substrate but is generally detached

; from the subst:ate over substantiaily its entire area to

25 permit the film and the substrate to flex and distort

independently of one another.
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Because the | eads are supported by the housing and the conductors of the
chip carrier are substantially non-rigid and conpliant and are capabl e of
accomodat i ng def ormati ons of the system gonponent s caused by 5
tenperature variations and ot her stresses, internediate wire bond
connections between the | eads and the flexible conductors of the film and

bet the subst d d f | ead be.elininafed Ln .
oy enbod mont s oPSERBSRn SR Res 1FY caBPEREeRl By Rtk | PRRRR cret s o

on the chi ps- Ea% Goneiitsks CUEf L Rlp HATHS o PR ditedieidfiy oo

t ape- aut omat edoRepdyid hAANRcHEISartS Afd |afé BhpAbibe oFt Mﬁ%&ﬁﬁndé-

The system provi des an encl osed housing which may be 15 parti ed -
with a protecgegornatliynki kefcothaungyieir ob6apoh8aAtsnt 8aadkad Byr Cui t
fromnoi sture as well as providing other environnental protection of the
chi ps. The’ hotempgraburei vartilaticns and r beherulstiredses,anihtechedtdtby a
cover of netal or other material to provide 20 structural protection. In
the present iwixetbond coansictdonscetivgan cthecleads andbtheorflestildfe t he
. chip carrier substrate can be substantially separate fromthe rigid
substrate. fepdngtaysyof thenfidmuands pekween the isubstrnate, edge ippds
designing the c igrcarrier to maxim ze igﬁ structural and therma],

0

characteristi®® BRE 1egas.s AN (bR 2

the same of the invention, the leads can be directly connected to
10
terminal areas on the chipé can be connected to the film
conductors by more efficient tape-automated bonding
techniques, as well as with the standard wire_bénds.
The system provides an enclosed héﬂsing which may be
15 partially.filled with a protectiyé jelly-like compqund to
protect the integrated circuit-f;om moisture as well as
providing other environmental p:oteéqiqn of the chips.
‘The housing oppdsite the chip carrier substrate can be
closed by a cover of metal or other material to provide
20 gtructural protection.

. In the present invention, the electrical .
.interconn_ect.ion.. member or net of the chip carrier
substrate can be éubstantially-seéarate from the rigid
substrate. Accordingly, tremendous flexibility is

25 provided in designing the chip carrier to maximize the
structural and thermal characteristics of the rigid

substrate for particular applications and, at the same

inatede | Ip BABY eMbodiments at -

/)

the contact pads. on the chip carrier substrate; and the \;) i

i
|
i

|



-7- time, to optimze transm ssion I|ne properties of the conductors. For
example, with the present invention, the rigid substrate can be constructed
of netal or other materials havi ng hlgh thermal conductivity when desired 5
for a particular application. In addition, becayse the electrical

i nt er connecti on menber can be separat e fron1the chlp supporting structure

of the Chlp carrler subs rate, non-flat. or war yrfaces ca pbe tol erated
on t he(Tint erconnectimg %P qgﬁfﬁ%ﬁ?sﬁﬁ@??ﬂfﬁsg iﬁ&?tﬁ?qgﬁﬁe*?ﬁle

of ngrcorr;r;g% i 'fnSr n%?ﬁaﬁ%ﬁ%%%ﬁu%?% hg’iﬂ'fq%%i it ﬁéﬁgis%%éaﬁ'ﬁ%?’eﬂ%wb‘he
substrate. Also b4 1§06RBRLLRA. Uity CRRINERAINI ToR BB | Chpner

flexible film a:si i cantly greater conductors can

achi eved than in Hﬁé@érfé(ﬁéeﬂﬁviﬁgpm\g'hd@tﬁé‘ﬁna{l“ébﬂéﬁétivhﬁ{r WhedS Hddired
el ectrical connectlons for the chips. "As many as 600 channels or nore nmay

be required perd SOfer cai pafrtitulbe appliicaition’0 In additboR, ebeedusentthd
the invention, ceramc substrates are manufactured with a plurality of .
cavities within whebéctihicalt intereonnection membenncantbe séppratecfrom the
mount ed. Such a construction pernmts the use of shorter wires or

t ape- aut omat ed borehi sepperting strasturensdcithen«chi warrier csaybstrate,

chips to the conductors on the chip carrier substrate, thus reducin
el ectri cal non-flat or warped surfaces can be tolerated on the

interconnecting net; and the substrate can thus be made in

o 10 much larger sizes, for example, six inches by six inches
or more, and be capable of accommodating many
semiconductor chips on a single chip carrier substrate.
Also, .by incorporating the conductors within a
multi-layer, flexible film, a signifiéantly greater

15 density of conductors can be achieved than in prior
systems to provide' the multiplicity of necessary
electrical connections for the chips. As many as 600
channels or more may be required per square inch of the
substrate.

s 20 In one emhodimént of the invention, ceramic
substrates are manufactured with.a plurality of cavities
within which the integrated circuit semiconductor chips
are mounted. Such a construction permits the use of
shorter wires or tape-automated bonding techniques to .

25 connect the terminal areas of the chips to the conductors



resi stance and inductance and increasing systen1rellab|I|ty The

i nt erconnecting net can be configured so as to provide | eads extending into
the windows at the 5 interconnecting net and permt sending of such |eads )
directly to the ships, elinmnating the need for the internedi ate connection
of TAB (Tape Automated Bonding) or wire bond. In another enbodi ment of the

can be mount eoi' P SBP . Pk {BY. e (b are oA LefhatBe! sl eRknioRIon, ar o
posi tioni ng %1 R S £l t fn&‘ggééﬁ‘?% ﬁg tﬁﬁck@é‘é@.}x on, Iyt%]:emogd;wgrual |

sem conduct or I ps can be nount carrrer bst

vari ety 15 ofr1GGINIIGHSS. MiHe SRAENConidr £AY %ﬁ%ﬁ%@&%fgg&%&héo
we as no

substrate using "flip chip" nounting structure as

Spring- mount iagg t6 I pebvidet QeAdeyidieten@®ing £Ater theerbhddwy b e
carrier design. Such nounting techni ques can be used on ceram c substrates

having a 20 isiterecmmectingt net lmtd/veperﬁiandaﬁndim@ whf Cclsuediveléadiser than
a five-mcroinch surface finish in an "as-fired" condition to support

pl ural | ayer digfectiiyor fanithec osipips Hiemdmaﬁambtheomqadovf@lrng:ndﬁe
necessary interconnecting network between a plurality of chips supported on
the 25 subst Aftermed %QFQHHRRH%ﬁ§ﬂ°Qﬁ°Qrﬂﬁﬁr&kﬁﬂ m#tﬂ% eadipg)reBed

by vay of exqle whid. " oLR SASEnt? LB oAISAT M 0 S s B
chip carrier substrate can be formed of metal. The chips
10 can be ﬁounted on pedestals formed on the metal sﬁbstrate i;).
for more accurate positioning of the chips on the

substrate. _
In the invention, the individual semiconductor chips
can be mounted to the chip cgrriét substrate by a variety.
15 éf téchniques. For example, the chips can be mounted to
the sﬁhstr&te using "flip chip" mounting structure as well
as modular, spring-mounting structure to provide even
greater flexibility in chip carrier design. Such mounting
techniques can be used on ceramic substrates having a ,
20 dielectric constant between 1 and 6 and which have better "
than a five-microinch surface finish in an "as-fired"
conditidn to support plural layers of an organic compound
there@n capable of providing the necessary intetconnecting
network between a plurality of chips supported on the

25 substrate.



Figure 1 is an expl oded perspective vi ew of a sem conductor chip carrier
system of the invention'and a printed circuit board to which the systemis
to be nount ed; F|gure 2 is a cross-sectional view of a portion of the
systemof Figure 1 in assenbled form ,Figure 3 is a cross-sectional view
illustrating alternative enbodi ments of the sem conductor chip carrier
system of the invention;, Figure 4A is an exploded perspective view of the
chip ‘arrfer system of a preferred enbodi nent of the invention; Figure 4B
is a atLy enl arged, cross-sectional view of the flexible film
~interconnéction nenber of Figure 4A; Figure 5A is agcross-sectional view of
a portion of the chip carrier of Figures-4A and 4B in assenbled form and
Figures 5B and 5C are-cross-sectional views illustrating alternative
“enbodi nents of a chip carri- er systemof the invention. Figures 1 and 2

System of the i nvent i orirnaieolidert be” Gf) SAYAELSonl £ T R ke,
numeral 10 and(xw@@$§§eh§duk$|WngPﬁMﬂ%hmpheoanhuesfeaeuMq)tocaheler
substrate 12 havi ngecémpanyifly drawings, in which:

Figure 1 is an exploded perspective view of a
semiconductor chip carrier sYstem of the invention
and a printed circuit board to which the system is to
be mounted; ' '

Figure 2 is a cross-sectional view of a portion
of the system of Figure 1 in assembled form;

Figure 3 is a cross-sectional view illustrating
alternative embodiments of the semiconductor chip
carrier system of the invention;

Figure 4A is an exploded perspective view of the
chip carrier system of a preferred embodiment of the
invention; '

Figure 4B is a greatly enlarged, crose sectional
view of the flexible film interconnection member of
Figure 4A;

Figure 5A is a cross-sectional view of a'portion
_ _ of the chip carrier of Figures 4A and 4B in assembled
L form; and _ _

Figures 5B and 5C are cross-sectional views
illustrating alternative embodiments of a chip carri-
er system of the invention. |
| Figures 1 and 2 illustrate a preferred embodi-
.ment of the semiconductor chip carrier system of the
invention. The system is generally designated by
reference numeral 10 and comprises a housing 11 which
incorporates a chip carrier substrate 12 having a



plurality of integrated circuit,

sem conductor chips 13 nounted thereon.

Housing 11 both protects and supports chip carrier substrate 12 and chips

13 thereon, and electrically connects chips 13 on chip carrier substrate 12

to external circuitry such as a printed circuit board 14. Housing 11

conprises a box-like structure of generally square or
I ncl udes a peripheral frame 15 defining sidewalls 21, 22, 23 and 24; a top
wal | defined by chip carrier substrate 12; and a bottomwall defined b
Wien assenbl ed, the wa bs of the housing define an.en?

18 as shown in Figure 2.~ Frane 15 is preferably formed: of a

cover plate 17.
cl osed chanber

nol dabl e plastlc that is sturdy but sonmewhat pliant (a |.iquid crystal

m&ﬂiffysart ablealyratdd s;iﬁmﬁﬁg tgeﬂféaﬂ&uegsgagn gl over

polymer is part
recesses. 26 an
cover plate 17

7 %fre for receivi carrrer su

BguY 1eXePnsho Heu P nﬁoﬁ&ihﬂﬁh PratRgts cand

carrlm'substmxupﬁans?fbthIdafrﬂwriQuBStraﬁ@f%w'Hh&hé§W¥%“@H
i ke t carrier  substrate and. cover
Mk £edRE ahas eheididts by BERRSEEEH ‘0B, chip
defining thelmnaxxﬂemjsuhsurateeintatexténﬁdmrnxrpuiuriisuwhwasla Chi p
carrier subst raﬁﬁr}@edvﬂf@uié ggéfal P&)d in

is al so conce
plate 17 wl|

Housing 11 comprlses a box-like structure of
generally square or rectangular shape and_lncludes a
peripheral frame 15 defining sidewalls'21,.22, 23 and
24; a top wall defined by chip carrier substrate 12;
and a bottom wall defined by a cover plate 17. When
assembled, the walls of the houSing_define.an en-
closed chamber 18 es.shown in Figure 2. Frame 15 is
preferably formed of a_moldable plestie that is
sturdy but somewhat pliant (a liquid crystal polymer
is'particularly suitable) and is shaped to define
upper and lower recesses 26 and 27 (Flgure 2) for
receiving chip carrier substrate 12 and cover plate
17, respectively. It should be noted that although
chip carrier substrate 12 is;shown in Figure 2 as

rectangul ar shape and
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P2 and
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detail below, conprises a substrate 30 consisting of a flat, relatively
thin plate of a,rigid material such as, but not linited to, ceranmic. A
plurality of integrated circuit sem conductor chips 13 is nounted to a
surface 35 of substrate 30 in a manner .known to those skilled in the art.
However, other nounting structures nmay be usedlds described below. Chip

' bstr at ' i pel ude: I |J t ' '
for 'cﬁ_r@g& ng t e SFapiPe Pl R R A b SR IR eRte h aRRYy
of contact pads 32¢pggl I:h@?e tagglsié‘fegihf:lkggalé‘ér 1B"enYg Yovied RBIEd £/ will be

substrate I2. As is known to e sk in-the art, conddctors 31 can be
enbedded w t hin supg¥regsed3@s?0shéwh! tiim | P¥Gire C- furienl eaﬁgmé‘aﬁm@érqtze),
or built up layer by layer on surface 35 of substrate 30 (thin- or
thick-filmceran cdefibatingt the bottom wald andasower sphatentucierinlihgs tha
can be connectegl to the conductors 31 by gold wire tape or tapelike bonds
33. 25 - A pl utapi waldf conductive |leads 36 is supported by frane 15.
Leads 36 are substantially uniformy spaced -12- around the perLEPery of
frame 15 and conprise rfBbBncanrdier:rpibstratecd2of whiichexip| dessribed cin
as a copper alloy. _As pany as 1800 or jore | eads can thus be used spaced as
close as .010 i nchdetaplr belops SRRRFisess Jupsubstrate, 39 |epsiRting| 9fed

a gentral portion gfgtsxgggg QgeEQrQHQQ plate of a rigid material such as,

but not limited to, ceramic. A plurality of integrated
10 circuit semiconductor chips 13 is mounted to a surface 35
of substrate 30 in a manner known to those skilled in the
art. However, other mounting structures may be used as
described below.
Chip carrier substrate 12 also includes a plurality
;5 of condudtors 31 (Figure 1) for connecting the plurality
of chips 13 to one another and to a plurality of contact
pads 32 positioned adjacent the periphery of chip carrier
substrate 12. As is known to those skilled in the art,
conductors 31 can be embedded within substrate 30
— 20 (multi-layer, co-fired ceramic substrate), or built up
lajer by'layer on surface 35 of substrate 30 (thin- or
thick-film ceramic substrate). The terminal areas on
semiconductor chips 13 can be connected to the conductors
31 by gold wire tape or tapelike bonds 33.
25 A plurality of conductive leads 36 is supported by

frame 15. Leads 36 are substantially uniformly spaced



_’.\

and supported by franme 15, an inner portion 36b extendlng I nt o housi ng 11,
and an outer portion 36¢c extending outside housing 11. Leads 36 are
preferably secured to frame 15 by nol di ng %rane 15 around the [ ead portions
36a. 10 Inner |ead portions 36b protrude } wardly fromframe 15 for a

di stance and are curved to define conpliant beams which are directly
connected to contact pads 32 on chip carrier substrate 12. The ends of

| ead porti on@rosmdatheypaninheny tof bEranesisnand| conpyhsenaiblion—d ikiges

‘contact 15 the pads 32. Quter_|ead portions 36¢c protrude outwardly from:
frame 15 andBERDEZsnEaFRed Q% BELPHRLS et ATy 2% & FRERET ALLORT

(e, Purs B SRR o ok hoBRiadd a0, B SR Hpklad A0
configuratiopg %8 e‘gﬁ,o!ﬂg has hbhg.%tra ed, SPZ&H‘L fﬁ éﬁm LgﬁFleg%e 3

To assenbke systen1 carrier substra avin ductor

chips 13 noyghed st emsxh&éw QOBEHEi-QlSp%irt%ﬂVB%%d éiﬁrmm | € POSYH | Oned

in recess 26 25 of frane 15 Chip carrier substrate 12 is then secured to
-13- franme 1andy suppoiitied Byt framdicrs v cadSinneri porbeonessbt batehding

- carrier substrate and the | edge 28.

into housing 11, and an outer portion 36c extending

-4

outside housing 11. Leads 36 are preferably secured to

frame 15 by molding frame 15 around the lead portions 36a.

10 Inner lead portions 36b protrude inwardly from frame k;d.
15 for a distance and are curved to define compllant beams
which are directly connected to contect'pads 32 on chip
carrier substrate 12. The ends of'lead'portions.36b are
positioned to be substantially coplanar where they contact

15
: the pads 32. Outer lead portions 36c protrude outwardly

from frame 15 and are configured to be directly connected

to contact pads 37 (see Figure 2) en printed circuit board

14. In the embodiment of Figuree 1 and 2, lead portions

36c have ‘a "J"-leg configuration, although other o
20 configurations can be employed as 'illustrated, - for | &’%

example, in Pigure_s.

To assemble sjstem 10, chip carrier substrate 12,
having semiéehducter' chips 13 mounted thereon. and
conductors 31 provide&'thereon; is positioned in recess 26

.25 | |
' of frame 15. Chip carrier substrate 12 is then secured to




typon mounting of chip carrier substrate 12 to frame 15, contact pads 32
will be aligned with ard in’contact 5 with the copl anar ends of inner
portions 36b of |eads 36. The ends of each of |ead portions 36b are then
attached to aligned contact pads 32 by ther no_ gonpr essi on bondi ng,

sol dering, brazing, or other suitable procedure. A solder connection is
illustrated in Figure 2 at -39. Due to the 10 non-rjgid, conpliant nature of

| ead pgzrt_i ons 36b,fXans k% bihanaRREIBriate Adhpsive off appbied betveenocthe

the d%e of internmediate conpectiqns. Any distqortion_or warpage of chip

carrier- substrate THRC ’Flgs‘%s%%&%&’lfi ﬁ?%r]rﬁﬁg%%nsi on and

contraction or nechani t res.15 .acconnndat ed, by the resiliepce

of |ead portions 36b, gﬁlﬁdﬂi‘%ﬁ?&éa‘?f&?gm gafgﬂrﬁgctsf’aﬁ)éirgtﬁai’%t Hhetrame
bet ween | eads 36 pq%a 349 Pt ialsl : ed housi '

~ then turned over, q;ygfd%%t% ?ra§2b§?'g'%r gealﬁylé&e%zmt%?€ F}%I I%g’é‘%v%ctth

20 a conpound Suchysam fite RoPTarar UndWiot | Thhée pOrLobHE FBLNBEShea%E"Ss.

(illustrated schematically at” 40 in Figure 2) to provide noisture an

environmental protrad iends Gf widh GFf ricdd Jpbrtibrid) €3 61¢ N "EheR Gt €4ENSd to
Cover 17 of metal or other material is then mounted within recess 25 27 of

frame 15 and securrddgriest econtyctppladsn$2anbuditherme-compiréssicn\deond g,
17 and | edge 29 as shown at 41, or retained nmechanically. Wen assenbl ed,
“housi ng 11 conpri $e3dering,y hnagingd or other suitable procedure. A solder

connection is illustrated in Figure 2 at 39. Due to the

\./'. S 10 non-rigid, compliant nature of lead portions 36b, they can
- be directly attached to contact pads 32 without the use of
intermediate connections. Any distortion or warpage of
chip carrief substrate 12 or housing 11 caused by thermal
expansion and contraction or mechanical stresses are

.15 accommodated by the resilience of lead portions 36D,

consequently, a reliable connection is maintained between
leads 36 and contact pads 32.

The partially assembled housing is then tur ed over,
and chamb_er 18 may be partially or co__mpletelf ;:‘illed with
— 20 g, compoﬁnd suéh as for example but not 1limited 'td
polydimethylsiloxine (illustrated schematically at 40 in
Figure 2) to provide moisture and environmental protection
for chip carrier 12 and the semiconductor chips. Cover 17

of metal or other material is then mounted within recess

25 27 of frame 15 and secured thereto by applying an adhesive



gontainer whi ch can reliably protect chip carrier substrate 12 and

‘environnental |y vul nerabl e sem conductor chips 13 thereon wi thout the need
of a hernetic seal. The pliant nature of |eads 36 permts themto flex and
bend in a limted manner w thout breaking or cracking,
integrity of the housing to be maintai nedl4d0 under thermal and-mechanical
system 10 can be connected to a printed circuit

stress. Fol |l owi ng assenbly, 5 _
bétweenxtoverl 17 andi ledgeo2st ax ishpwit atsell Asos hpeBainedi @r e

board 14 or

2, the external portions 36¢c of the | eads 36 can be positioned on conta

15 pads 37 mechamigallyed circuit board 14 and directly attached thereto

by a conductive solder 43 to electrically connect. the chip carrier

substrate
circuit boa
enbodi nent s

ou | 93fn§"2:r‘p§°¥%+€€? cngo RiRepnert ally yiinerable Remfoonticter cui i
i ehsone%é%“g?é%? e 263 BR.A' PetiAR1E Boa: Tihg ™ O
"S'lfaﬂ@ f%&-ﬂ%i‘ g&&&&eﬁsaﬁﬂi}{ﬂits then o ffﬂai‘:x 'aPh' E:@hdt 4 he

board 14. T
t he housi ng
Figures 1 a
| ead portio
al so be con

12 anmlen h@ssenmgdd ubousingi p3 compmisesna: fully enolosed
rd. Figure 3 illustrates several alternative
‘69“’5%%“¢ﬁvéfh4% .Gy r@)@dﬁﬁlﬂ, PF°FP§Er eChipt (RATEhen 56

ns. strated in dotted lines in Figure 3,
fagwiﬁdted'manner without breaking or cracking, thereby -

" allowing thé'integrity of the h¢using to be maintained

10

under thermal and mechanical stress.
Following assembly, system 10 can be connected to a

printed circuit board 14 or other externdl circuitry for

testing or use. As shown in_Figure 2, the external.

15

20

25.

portions 36c of the leads 36 can be positioned on contact
pads 37 on the printed circuit board 14 and directly
attached thereto by a conductive solder 43 to electrically
connect the chip carrier substrate 12 and the
sémicohdﬁctor'chips 13 thereon to the printed circuit
board. = ~. |

Figure 3'1iiﬁstrat§s'seVeral alternative embodiments
of thelinyention. For example, in Figure 3, the leads 56
include oﬁéér_ portions S56c (shown in solid lines)
cbnfigured into a gull-wing shape fof”@irect connection to
contact pads 37_on'printed circuit board'14; The inner
portions 56b of leads 56 are shaped to extend into'the
housing 11 by'a'soméwhat greater distance than in the
embodiment of Figures 1 and.z to prbvide a greater amount

.‘.v

t hereby allow ng the-

56 can

]



with flat outer |ead portions 56d for socket nounting to the printed
circuit board 14. These exanples are for 5 .illustration purposes only and
are not intended to limt the configuration of the outer portions of |eads
56 to those shown. In the enbodi ment of Fidurel8- protective conpound 40
and cover 17 are replaced by individual caps 61, 10 hernetically sealing
each of sem conduct or chi£§§13 fromoutside enviropnent. Caps_61 can be

foranfBT ceram c. OF Bh§x déitKUFPEGP@lﬁﬁqgigﬁr%}ﬁp%re %ﬁaéé&“ﬁ&rated in
co tety ' t ' 13. 61. -bonded b
L5 e SR e S AR
t hem t i _ \ - .

means | nol ude condiithr Ehar, PUer, 168" BRreTeRelBEY £of adUEE MBGRELAG o
schematical |y at Gge ﬁtéiﬁgbha@i"rcﬁﬁa' %9:&334-.i S'fﬂééftéf& hé€dare for

described in U S. Pate 4,426, 769 I ncorporated by reference herein

and need not. bé desrrhderationeparposEsIBhey 4NdaaFedMdt | iistdridéd €6 limit
expl oded and assenbl ed cross-sectional views, respectively, another chip

carrier substrate tHe ZWbbafigapabtohnodr e iagtént po2biohbe ofhileaty rs€r to
system of the invention. Chip carrier substrate 71 conprises a rigid
substrate 72, suchtlisse shdwn.ceram c or another such material, having a
plurality of sem conductor chips 73 nounted to a surface 74 thereof
In the embodiment of Figure 3, protective compound 40
and cover 17 are replaced by individual caps 61,

W 10 hermetically sealing each of semiconductor chips 13 from
outside environment. Caps 61 can be formed of ceramic or
any other suitable material and are shaped to completely
surround semiconductor chips 13. Caps 61 are bonded to
substrate 30 of chip carrier 12a to surround and contain

| - 15 the chips and protect them from the. environment. When

- such caps are used, the intercohnection means include
conductor portions which extend beneath the caps as shown
schematically at 62. A suitable sealing cap is
illustrated and described in U.S. Patent No. 4,426,769

. incorporated by reference herein and need not be described.
in detail.

Figures 4A and S5SA illustrate, in exploded and

assembled cross-secfional views, respectively, another
_chip carrier substrate 71 which can be incorporated into

25 the chip carrier system of the invention. Chip carrier

substrate 71 comprises a rigid substrate 72, such as




((Figure 5A). An interconnection nenber 76 is provided for chip carrier
substrate 71. Interconnection menber 76 5 provides a plurality of
conductors 77 for electrically connecting t he sem conductor chips 73 to one,
anot her and to contact pads 78 (FigUre il ? positioned adjacent the

peri phery of interconnection nenber Interconnectlon menber 76

Ponposed of GHEABIE of 2Rl ner sﬁéc@a' €5 oREvIDT, Ao BB LHEY ﬁef
surface Oft%Fh%%§ﬁ686%° %gi?ntW%fﬁéﬁﬂégo ég Or J{;éégr?gc% and

the filmlea may exte o the wn exanp |c f|Im

79 can be coppRpgds Sa)l5 mlﬁﬂaf'eoniis&ﬂan femBbRerediigl g,%%' 30 A

mat eri al s having, for exanple, a dielectric constant betwe

preferably cship i sazrieillsubstyfte f T asSTAtdrEdrimd®Eioh Ometbadl £6 1 N
Figure 4B to provide a high conductor density. In Figure 4B,

i nt er conrectpiowv idesdea. plurad iitycl ofieconduntors! ayerfdér | elbetrigalhyee _
dielectric layers 81, 82, -and 83 separated by two, electrically conductive,
foil |ayers c®nneetdey thechenicbnductor| ahdpssT3 & omel 88othetraiand a
plurality of conductors 87, 88, and 89, respectively, therein (shown as

ext endi ng i k% Sontact cpaden T&r pEhawre| 4A) Pastidigned adjsteutetB).

-17- €bnductors 7, 88, and 89 can conprise signal- carr |ng conductors for
{’!Pe‘m;e%ﬁ

LRteySPRBgStian; 075 chi i5§ eZCgRRertdMnchi ps

member 76 preferably comprises a-thln, flexible, plastic

carrying si &fH
73 to -

10 f£ijim or sheet 79 composed of one or more laYers, having - LJ
conductors 77 provided on the surface of the film or
within the film or both on the surface and within the film
leads 77 may.extend:into the window 80. -

Fcr'excmple, plastic”film.79.can be composed of

15 polyimide, Teflon,'or-other dielectriC¢ organic materials
having, for'example; a dielectric constant between 1 and
'3, and preferably comprises a multi-layer film as
illustrated, for example, in Figure 4B to provide a high
condﬁctor'density. In Figure 4B, interconnection ﬁember

20 76 includes a multi-layer film having three dielectric' \

layers 81, 82, and 83 separated by.two, electrically

conductive, foil layers 84 and 86. Each dielectric layer

81, 82, and- 83 contains a plurality -of conductors 87, 88,

~and 89, respectively, therein (shown as extending in a

25 direction perpendicular to the plane of Figure 4B).

..



contact pads 78. Foil layer 84 can conprise a power 5 plane, and foi

| ayer 86 can conprise a ground plane, Milti-layer, conductor-carrying films
and their method of manufacture are known in thk’art and are described, for
exanple, in U S. Patent No. 4,480,288 and need not be described in detai
herein. Basically, the conductors can 10 be formed by printing and etching

techni ques, and the i ndié’c?rf&l?été?yeh?f,Ca%‘aeggsa}n?%én@%?@inh%#{sé0sfi%"dglme

conpl etied film Alternately, sequential ng or
conductng |ayer bycffmiini édnductond demesicareyingd $lasdbs cheltwe@neyhbe
enpl oyed, as well as 15 any conbination of additive and subtracting process
as used in produci aridws csemdcondnctora cleipsonsuamt. fadmr chilp=xi b3 e to

i nt erconnection nenber 76 typically has a thickness of about 6-20 mls, and
each dielectric | ayentactopadsodi.3 nifedl t haykr 8SHhecamndowprisecan peover
for exanple, abqut .0005 to .002 inches thick and .001 to .003 inches w de,
and the foil | a%rspkﬁ@ab%ﬂ@ foidl| layex 8§heanuaeRPrise A cgEoundt pdame.m

and their dinensions can,. of course, be varied as required for_particul ar
appl i cations, 28  Maltizkaver, LorAnctoETeatsying  £1ine andothRax: method of

Floure 48 o o SO QIR St "Bnbin Tl g 4L AR B, oy
O oy o ARRAIUCCIACD Sl FOIPA, 069280 Sddd Thée 4
described in detail herein. Basically, the conductors can
- 10 pe formed by printing and etching techniques, and the
~ individual layers can be laminated together to form the
completed film. Alternately, sequential deposition of
insulating or conducting 1layer by sputtering, vacuum
deposition and plasma etching may be employed, as well as
15 any combination of additive and subtracting process as
, | used in producing interconnection on a semiconductor
. water. _ |
Flexible interconnection member 76 typically has a
thickhess of about s-zo.mils, and each dielectric layer is
- . 20 about 3 mils thick. The conductors can be, for example,
about .0005 to .002 inches thick and .001 to .003 inches
wide, and the foil layers are about 1 mil thick. The
number of layers of the film and their dimensions can, qf
course, be vari_.ed as required for éarticular applications.

25 = Referring now specifically to the embodiment of

Figure 42, interconnection member 76 is formed with a



é surface thereof, is attached to surface 74 of substrate 72 at only a few *
(for exanple, four) locations as indicated at 91°in Figure 4A py an
adhesive or by any suitable nechanical attachnment nmeans. |nterconnection
menber 76 is thus retained but is otherwmijge detached fromsurface 74 of 10
substrate 72 over substantially its entire area, and is sonewhat |oosely

di sposed t her pyk! driive agl (o] V! r negla nber 76
torigid subséti (rua}'#elr% altibo‘r%?,y a versy %W%'a(%g?f‘or%ﬁ%}gt ?glang:%fiﬁo%ra Xy
movenent of rifded ‘hdrf|ménbeér (16 118 SeLBEicN&d ‘on Msefsat§3}5' %
conductors 77 to flex and deformfreely relative to substrate /72 and chips
73. 1 n other wor dInteérdomiedt ivr rmenbex b3t alcompridiiy ffrastide film :
conductor-carrying interconnection nmenber 76 is physically separate from

ri gid substraSe aitl baviingycdnductorsn 76 awd pagetaét’2padsul?st rar et wi | |
not affect conductors 77 and will not interfere with the electrical
reliabilify surfigge dheneof sukstatiached thsurtacei 74 t9f osubstrate 72

i nt erconnecti.gn nenber 76 an(tj conductors 77 allaows sufficient flexing and
bendi ng to mAhCRLY rb| fe¥| ELer cLxAPRPAL  c SONEIt ilAfatdonsigs oindicated

o subat rat o2t Bhuinr EIGARY 4R bY SR GRnAR VA GEcbY; A\ Spigasie S O
i nt ti 7 72 ' .at . _
SUbstant 1l PESHAHARY, Shrhatt ddidfs, " el T A S OaRROSE o765 110,
exanpl e, 1Nt Qe el iHed " HIRE i & SEErWEd i Hdtkd Cerom surface 74 of

10 gubstrate 72 over substantially its entire area, and is U

some_what loosely disposed thereon (not ' ‘pulled taut).
Attachment of interconnection memb'ér 76 to r_igid sﬁbstr'ate |
72 at only a very few locations restrains lateral movement
of member 76 relative to the substrate 72, but permits

15 conductors 77 to. flex and deform freely relative to
subst:;‘ate 72 and chips_ 73. In other words, with c_hip
carrier substrate 71, the flexible, conductor-carrying
interconnection member 76 is physically separate from
rigid substr#te 72; and any distortion or warpage of

20 substrate 72 will not affect conductors 77 and will not \/
interfere with the electrical reliability of chip carrier
substrate 71. The flexibility of interconnection member
76 and conductors 77 allows sufficient -fle_xihg and bending
to maintain reliable electrical coﬁnection on chip

25 carrier substrate -71,. notwithstanding differences in the

coefficients of expansion of substrate 72 and the film.



5 optimize the transmi ssion line prdperties of chip carrier system71, and

-substrate 72 can be.designed to nmaxi m ze the structural and thernal

characteristics of chip carrier 71. As shown in Figure 5A, the term na

areas on each of 10 sem conductor chi.ps 73 eanw-be el ectrically connected
to conductive paths 77 on interconnection nenber 76 by wire bonds 93; and
contact pads 78 (Figure 4A) .on_ nenber 76, whi ch are forned on jthe surface

film 79 can be direct PFcabescreD SCPERYANG, AteTcannecrian senper 76

i ural 1ty of el ecPHcAUBEIERKS of2’ PREmIBNAAHI LY SOPEERbETy FABstat e
L L2 2em conduc oty ghtasy 14,byE W 1y'808inhg Sl B BaRyAsH .

excepting only thoSe por contal ne

'within the frame phyt Bgalhgys,NdntEreohfectBoAN ey 'ﬁtdagﬂf ;b@'dé‘éﬂ%édf eto

enbodi nents of a chip carrier substrate supporting a flexi

i nt erconnecti od nppbemizenthegtranSRission ddned Propérdiled ©ff dhipeitsier
a 25 ceramc substrate 101 haV|ng a plurality of cavities 102 within which

' the individual sesystemufugr ard pulistrate 72 c@f- bposiesigned tdimaginizge
.can be secured to substrate 101 by for exanple but not limted to, a sol der
applied between chhgsstogchnzalhangathermadagharasteyistins @fpchipr carrier
.cavities 102 is p;gferably slightly nore than the

As shown in Figure 5A, the terminal areas on each of
o 10 semiconductor chips 73 can be electriéally connected to
conductive paths 77 on interconnection member 76 by wire
bonds 93; and contact padé 78 (Figure 4A) on member 76,
- which are formed on the surface film 79, can be directly
attached to the inner portions of leads 36 or 56 as shown
15 in Figures 1-3. Thus, substantially the entire length of
~ the plurality of electrical conductors from printed
circuit board 14 of Figure 1 to semiconductor-chips 73 of
Figure 4A and 5A is flexible and non-rigid, excepting only
those portions 36a, 56a of the ieads 36, 56 contained
within the frame of the housing.

Figures 5B and 5c illustrate altefnatiﬁe embodiments
of a chip carrier Substrate supporﬁing‘ a flexible
interconnection member. o |

In Figure 5B, chip carrier substrate 71b comprises a

25 ceramic substrate 101 having a plﬁrality of cavities 102

‘within which the individual semiconduCtor chips 103 are



5'thi ckness of seniconductor chips 103. In the enbodi nent - of Figure 5B, the
term nal areas on chips 103 can be connected to the conductors pn flexible
menber 106 by | ess expensive and nore religble tape-autonmated bondi ng
techni ques. As known to those skilled in e art, 10 conductive bunps 107
are bonded to conductive areas on interconnection bridges 108 and to chips

103. Bridges I de ; i .
b%'%i%i% F: riszjggfsjr%oagp(;r'nga c |p%§.€iée1%&r£%€ujb%]hdb'

"Eut ectic" bonding, and all can __ j
si mul t aneous| ¥oas eixanpl@Vbitd Ad©SEifiktedeto}Sal BoldRraHppAdE BetRéem <t he
| eads fromthe net 76 extend into wi ndows 80 as shown in Figure 4A and are
directly bondehips A0 amdnthel bakey of taeities ToO2Ner Hse n@sptAned
above. By aligning chips 103 and the conductors on interconnection nenber
106, the | engeavitiese 202 iis epreferabilynssligbthyr myrei rthamwndheor

t ape- autorr%t ed bonding, can be mnimzed to reduce the resistance of the

i nt er connelt | Shdckness: of wremiganductor cehipsndy0dsi va@npdiiegmbodiment

i ndi cated above, when two_dissinmilar materials are 25  bonded together, and
are subj ect ed®fo FigHRR: SBn ,Fgﬁpé'r%lﬂﬁffél cRERABX PR FhiPs|i 103 &an PSunt .

D el S e 1 A
o LS Per! o EaBahssHiaRs CHEPE® 141 bl O'edddRiddnated "Bond iy
' techniques. As known to those skilled in the art,
10 conductive bumps 107 are bonded to conductive areas on \J
interconnection bridges 108 and to chips 103. Bridges 108 -
are bonded by thermo-compression bonding or AuSu |
"Eutectic" bonding, and all bridges 108 on a chip carrier
can be bonded simultaneously as is known to those skilled
15 jin the art. Alternately, the leads from the net 76 extend
into windows 80 as shown in Figure 4A, and are directly
bonded to chip terminals 107 in the same manner as
mentioned above. By aligning chips 103 and the conductors
on .int_ezfconnection member 106, the length of the
20 jinterconnections, whether by wire bonds or tape-automated '
bonding, can be mihiﬁizéd to reduce the resistance of the |
interconnections and provide more efficient conductive
pathways. |
As indicated above, when two dissimilar materials are

- 25 bonded together, and are subjected to change in

temperature, each expands a different amount. This



5 Separation of the substrate and the connecting net permts great
flexibility in designing the chip carrier system For exanple, in Figure
5C, chip carrier 71c conprises a substrate 111 fornmed of netal. Metal
substrates are desirable in applications where enhanced heat transfer is 10
needed. As shown in Figure 5C, when a netal sw@dtrate is used, the

i eor aLad ol roui i EREAYER 3oF, BoHRThGL ot HEE BRNBACK R 1Rh 2aniRa
the substrate by kneydn@pn¢hitor ?Gc&“?h”'ﬁ§§§1 grd @ﬁfﬂprééféé%%%eoéh >

substantially the sane size as the chips to be nounted ereon. stal's

112 permit the chi pgenfcbAdaeesirydt Yeslasing 0N dchBnkRe cibstE aparifdrhance,
sinpl e manner. Specifically, a solder preformis positioned onto the upper

surface of the pedesugh; asndhiamgectiirp gainast t1 Dnedr 26y . ONThGE, Sehdephysikal
sol der is then Qfated in the presence of hydrogen, causing the solder to

nelt. The chip wl | sepazmationt bé thef substtatkcandl the, cantectihgcaetepeirmits
automatically centers the chip on the pedestal such that when the sol der
hardens, the chi p wireabefpexnibidivy2in gesignéngdthedcbipdeartier siystem. .
pedestal. A plurality of chips can be sinultaneously positioned and .

sol dered on -22- thei Foresyampilee pRJIEigUKS BF. t FhdPt caKEAgYe71CucPAPEises

tension will also prevept .th sol der from,spilling qQff the pedestals.
The seni conductor cfif ff§4i%1*k?e %E??éc&ﬁl%?tal' Metal substrates are

. desirable in applications where enhanced heat transfer is
ng 10 peeded. As shown in Figure 5C, when a metal substrate is
used, the substrate may be formed with a plurality of
pedestals 112 upon which the integrated circuit chips 113
are mounted. The pedestals can be formed in the substrate
by known punch~forming techniques, and are preferably of
15 gubstantially the same size as the chips to be mounted.
i thereoh. Pedestals 112 permit the chips to be accurately
positioned on the substrate in a simple mnmanner.
Specifically, a solder preform is positionéd onto the
upper surface of the pedestal; and the chip is positioned
- ' 20 on the solder. The solder is then heéted'in the presence
of hydrogen, éausing the solder to melt. The chip will
float on the surface of the solder, and surface tension
automatically centers the chip on the pedestal such that
.when the solder hardens, the chip will be precisely

25 positioned and soldered on the pedestal. A plurality of

chips can.be simultanécusly positioned and soldered on




connected to conductive paths on the flexible film 116 by wi re bonds 117 or
by other connecting struc- ture, such as TAB or TAB-like neans. It is.

usual ly desirable to apply a non- conductive insul ating coatlng 118 to the
.surface of the .conductive nmetal subStrate to electrically iso- late the *
conductors and chips fromthe substrate. Such a coating can be conposed of
Tefl on or other materials which can be applied. by well-known sputter- ing
techniques. Coating 118 may be a thin layer of dianmond deposited by 4

net hane- hydrogen met hod using m crowaygs or the acetone method or -0t h& s,

D anmond is an ideal heat conductor. N- conductive spacers illustrated at
119 may be provided to space the interconnection nmenber 116 fromthe

UL AR PRI d Yo B, AL} EgBup SCurt

carrier systeﬁvrﬁa§§n§9ﬁ§l°n<ﬁil&t&iﬁ?rﬂ#@??ﬂ% thep caspeildersom ate, the

Substrate havgﬁglgiﬁgugfggtﬁg ggaggghhg rectangular shape having a first
maj or surface, a se nmgj or surface, wal | s connectlng t he surfaces

the first major su?gﬁcé W&ﬁﬂﬂ?QFQRHEEW%R% }% eFARnhepiactricall
sem conduct or cohnpotad ito cqnﬂamﬂi@m@machetwdlékmné film

116 by wire bonds 117 or by other connecting struc-

ture, such as TAB or TAB-like means. _
It is usually desirable to apply a non-

conductive_insulating coating 118 to the surface of

the conductive metal substrate to electrically iso- xJ

late the conductors and chips from the substrate.

Such a coating can be composed of Teflon or other

materials which can be applied,by well-known sputter-

ing techniques. Coating 118 may be a thin layer of

diamond deposited by méthaneéhYdrogen method using

microwaves or the acetone method or others. Diamond

is an ideal heat conductor. Non-conductive spacers

illustrated at 119 may be provided to space the

interconnection member 116 from the substrate to

approximately the :level of pedestals 112 to permit a

reduction in the length of the bonds 117.



the substrate is positioned in the substrate receiving area and is secured
therein, the substrate having a plurality of sem conductor chi ps nounted
thereon; a plurality of electrical termnals extend through one or mor
wal | s of the housing, the terninals including a central po,u“numl

the wall or walls, an outer conpliant portion extending ou mﬂm’mﬂ
in

and adapted to be electrically connected to external circuitry¢ andwans '«
i nner conmpli- ant portion which is adapted to be electrically connected to
a con%H&t pad- in electrical engagenment with a sem conductor chip of the
multiple chip carri- er substrate; cover @3S is provided to protect the
sem con- ductor chips fromenvironnental harm and the i nner conpliant
portions of the term nals are connected to the contact pads

t whereby as the substrate expands and contracts according to

' tenperature variation, the inner conpliant p@ﬂﬂ#mﬁ of the termnals
nove accordingly, thereby elimnating the Ul stresses that wll

ot herwi se occur between the substrate and the term nal s- 2. A

pter st (et u I septmaise g e el v s
receiving area in gig&%ﬂtﬁgﬁ@%ﬁ?iaié (ﬁ%%i_gaﬁa}gmgsubstrate, the

substrate having a housing of generally rectangular
shape having a first major surface, a second major
surfacé, and walls connecting'the surfaces, the first
o major surface having a substrate receiving area, the
semiconductor chip carrier system beihg characterized
in that: |
~ the substrate is positioned in the substrate
receiving area and is secured therein, the substrate
having a plurality of semiconductor chips mounted
thereon;

a plurality of electrical terminals extend
through one or more walls of the housing, the
terminals including a central portion embedded in the
wall or walls, an outer compliant portion extending
outside the housing and adapted to be electrically
connected to external circuitry, and an inner compli-
U/ ant portion which is édapted to be electrically

connected to a contact pad in electrical engagement
with a semiconductor chip of the multiple chip carri-
er substrate, _

cover means is provided to protect the semicon-
ductor chips from environmental harm; and



3. A systemas recited in claim2 characterized in that a cavity

"provi ded between the substrate an he covilmmﬂﬂmn ullll“w provi ded
with a protective sealing 15 nateri al to pr duct or

chi ps from envi ronnental harm and, nnlsture *4. °A-Syster ag recited
in claim1l characterized in that the cover neans conprises a plurality of

i ndi vi dual cover nemdeinsner compliientarpoytioes and herofetthval tgrid@nagsal ed

over each respective seniconductor chip. 5. A systemas recited in claidj1l
characterized in tdme cotmnectedntibsthe contact giadst!|y atvhehelyt ast hFe”

contact pads on the substrate. 6. A systemas recited in claim1l -
characteri zecsubstaatehat a f lex¥pands ciang,i qontracts aggardinmdkr ors
is mechanically fastened to the substrate (12) at a_plurality 25. of -

sites to resttSRReTaERrQ| Vasiakdipn, othe e (FPRPLIRNE PRETi®NSHe

fgbggrghgfzct qowﬁé%géfern]tttﬁgl;P?oﬁggéﬁég{%ﬁ??ﬁ???ggﬁﬂep Ubﬁﬁﬁgtgf one

oo 7o A OGRS LEF SR AR R U StRetTpel Bocur

adapt od o comHien othe 2iBELFARE 23”5%%““ B T Connecting |

the conductors 2. 10 AheyLealSas recited in claim 1 characterized in
that the cover nmeans comprises a covex_plate

__10 which is inserted and secured in a cover receiving area

in a second major surface of said housing. ~
3. A system as recited in claim 2 characterized in
that a cavity provided between the substrate and
the cover plate is provided with a protéctive seéling
15 npaterial to protect the semiconductor chips from
environmental harm and moisture.

4. A-system as recited in claim 1 characterized in
that the cover means comprises a plurality of individual
cover - members which are placed and hermetically
20 gealed oﬁer each respective semiconductor chip- ot

5. A system as recited in claim 1 characterized in
that the terminals are directly attached to the
contact.pads" on the substrate. |

6. A system as recited in claim 1 characterlzed in

25 that a flexible circuitry having conductors is

- mechanically fastened to the substrate (12) at a plurality



8." Aisysten1as recited in claim®6 characterized in that thesubstrate———

conprises a netal substrate which includes a plurality of

for 15 supporting respective sem conduct Bchi ps ﬁ&@ mual Ul! " ,
systen1as recited in claim8 characteri,zed'in that a non-co

I's provided on the surface of the netal substrate 10. A systemas recited

in claim9 charactggl 8! g:elé“ €8 rbBerikhe ﬂ@é&taﬁ em&béﬁé'h{r)bf the cikBuitry
provi dedson the non-conductive coati ng, he flexible circuitry having

non- contiuct i ve spacer. ngaative to tie §ﬁB§tﬁetbhe fl exinille ppéebit€ing the
fromthe netal substrate. 11. A sem conductor-chip carrier system
subst ant_- 25 ial byreaideycribed andhthef substrate t he draw bgs.subject to
| temperature variations Substantially independently of one
another. |
7. A system as recited in claim 6 characterized in
that the contact pads are provided at ends of the
conductors of the flexible circuitry the inner
portions; of.the leads being adapted to contact.
K_; 10 the contact pads, | electrically connecting the
conductors | to the leads:
8. A system as recited in claim 6 cﬁaractérized in
that the substrate comprises a metal substrate
which includes a plurality of pedestals for
15 supporting respective semiconduétor chips thereon.
9. A system as recited in claim 8 characterized in
that a non-conductive coatihq is provided on the
surface of the metal substrate
’ ' © 10. A system as recited in claim 9 characterized in.
that the flexible circuitry is provided on the
non;conductive coating, -the flexible circuitry .
having non-conductive spacer means for spacing the
flexible circuitry 'from the metal substrate.

~11. A semiconductor chip carrier system substant-

! : 25 ially as described with reference to the drawings.




