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Because the pitch or spacing between centers of adjacent surface mount pins is significantly less

than the conventional 0.10-inch spacing for conventional through-hole components, surface
30 mount chips tend to be considerably smaller than corresponding conventional chips, thus taking
up less space on a printed circuit board. Additionally, as through holes are no longer needed,
surface mount technology lends itself to the mounting of components on both sides of a printed
circuit board. Memory modules utilizing surface-mount packages on both sides have become the
standard. Both the earlier single in-line memory modules (SIMMs) and the currently used dual

35 in-line memory modules (DIMMs) are inserted into sockets on the motherboard.
Packaging density may be increased rather dramatically by fabricating modules in

which a plurality of integrated circuit (IC) chips, such as memory chips. are stacked in a three
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a cutting and ClA?ﬁXAI%QEH%B]% #lal Mked- chip module is disclosed in U.S. Pat. No. 5,869,353
to A. U. Levy, et al. titled MODULAR PANEL STACKING PROCESS. A plurality of panels
are fabricated having apertures therein, an array of chip-mounting pads at the bottom of the
apertures, and interfacing conductive pads. Both the chip-mounting pads and the interfacing

30 conductive pads are coated with solder paste. Plastic-encapsulated surface-mount IC chips are
positioned on the paste-covered mounting pads, multiple panels are stacked in a layered
arrangement and the stack is heated to solder the chip leads to the mounting pads and the
interfacing pads of adjacent panels together. Individual chip package stacks are then separated
from the panel stack by a cutting and cleaving operation.

35 As can be seen by the foregoing examples, increased chip density is achieved
through the use of complicated packaging and stacking arrangements, which must necessarily be

reflected in a higher cost per bit of storage.
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35 center of the carrier. Each IC package includes a dielectric body. an IC chip embedded within
the body, and a plurality of leads, an end of each of which is also embedded within the body and
electrically conductively coupled to a connection terminal on the IC chip. For a preferred

embodiment of the multi-chip module, an upper surface of the body of the lower IC package is
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Figure 6 is an isometric view of an assembled portion of the first embodiment

electronic module;
25 Figure 7 is an isometric view of a second embodiment package carrier;
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35 electronic module.

DETAILED DESCRIPTION OF THE INVENTION

As will be evident from the attached drawing figures. the present invention
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boa for this difference in spacing is that the package carrier 100 may be thought of as a canopy which
overlies and bridges a second integrated circuit package mounted on the printed circuit board.
Thus, the carrier leads must be wider spaced so that they mount outside of the leads of the
30 package so covered. The package carrier 100 also includes a pair of capacitor mounting pads
110 at each end thereof. The pads of each pair are sized and spaced to receive a surface mount
decoupling capacitor 111.
Referring now to Figure 3, the carrier lead set 108 of the first embodiment
package carrier 100 includes a plurality of articulated leads 301, each of which is individually
35 attached to a pad 106 of the second mounting pad array 105. The outer portion of each of the
leads 301 is essentially C-shaped. The carrier lead set 108 also includes a trio of power leads
302, which are interconnected via a first laminar sheet 303, which also serves as a heat sink

layer. Also included in the carrier lead set 108 is a trio of ground leads 304, which are
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chi ps™a h i s surface
appropriate half of pad SOSA An alternative method of routing chip select signals to two
identical chips involves utilizing a pad for an unused lead (of which there are typically several on
30 each package) for one of the chip select signals and then rerouting the signal within the carrier
body 101 to the pad where the chip select lead will be bonded. It will be noted that the printed
circuit board includes a pair of capacitor mounting pads 509 at opposite corners of the third
mounting pad array 504. The pads of each pair are sized and spaced to receive a surface mount
decoupling capacitor 111. The positioning of the decoupling capacitors is generally not a critical
35 issue, and the capacitors might just as easily be mounted on the same side of the carrier 101.
Additionally, more than two capacitors for each chip may be employed. It should be evident that
for a pair of identical memory chips, all connections, other than the chip select input, will be

vertically superimposed. In such a case, the internally-plated apertures 107 will be used to
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30 103.
Referring now to the exploded view of Figure 11, a first integrated circuit

package 501 having a plurality of leads 502 is shown aligned for surface mounting to the first
mounting pad array 103 on the upper major planar surface 102U of the second embodiment
package carrier 700. A printed circuit board 503 includes a third mounting pad array 504 having
35 individual mounting pads 505 arranged in two parallel rows 506L and 506R. A second
integrated circuit package 507 having a plurality of leads 508 is shown aligned for surface
mounting to the third mounting pad array 504. The second embodiment package carrier 700 is

also aligned for surface mounting to the third mounting pad array.
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20 carrier may utilize "C'-shaped or "J"-shaped | eads. At the other end,

all conponents will use "S"-shaped |eads. Between those two extrenes, each
of the components may utilize either of the three |eads ¢ n

avai | abl WOrY6%80,r f ace- mount conponents, as well as | eads R/é#irﬂgﬁn}r#%ﬁt be
devel oped. In addition, the surface nounting of conponents typically

i nvol ves a sol der reflow process, GMdMS | eads and/ or mounting pads are
coat edyitidcigdnsglider emul sion. The conponents 25 are then assenbled and the
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4. The package carrier of claim 2, wherein each carrier lead includes a laminar

extension which is parallel to and contiguous with said lower major planar surface.

25
5. The package carrier of claim 2, wherein only those carrier leads which are
designed to be at either ground potential or at supply voltage potential during operation of the
first integrated circuit package have laminar extensions which function as heat sinks.
30 6. The package carrier of claim 1, wherein said dielectric body is formed from

fiberglass-reinforced plastic material.

7. The package carrier of claim 1, which further comprises at least one pair of
capacitor mounting pads on said upper major planar surface, each pair sized and spaced to

35 receive a decoupling capacitor.

8. An electronic circuit module comprising:
a printed circuit board having at least one interconnection pad array affixed

thereto;
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sai d folftingdpddodtrdly saTB 3BSofcabier déhds Rp&ded aint \eopfigired faparfhet @owdtinghtoexit ends
bet ween sai Wer and Iow§r .n%'bor &gna&_ surfaces, and a set of carrier
| eads MEEIWCHEITRAGATAL 98 S RHTE Y& *¥Bfded to a pad of said second

mount i ng phidt and seppnd K gackegespbacharackage Havmgs: diplgeteid raskige bady gentaigingor

sy fage; | i@ B an | cb@ledPtd $ad GhiPranatekebn@ingCui t
o e L B B P ko fe T aB%i clectric
packagewButy fieBnsad hedigthe eada At said 3@%‘ Qﬁéﬁ‘ggi FIRgConH eghan dip spdiffly of
packageuh@adpad Qunl e thet Radaiod saidi fecand! paxitagndbaine condusdvaly yoohdaimts ahid body
the leads of said first package being conductively bonded to said first
nount | eécoﬁﬁla‘:téornrpﬁ,mtaﬁ’ear@eads of sai d second package bei ng conductively
bonded t o shéatlsink meormoaied ut¢ sand pariage ¢aamier. and a heat sink i ncor por at ed
indo said package carrier. 15 9. The electronic circuit nodule of claimS8,

wherein said carrier body is .formned roma sem-rigid pol ri.c ;material .
10. The el 2ct r ohfiC SleFiremif P‘r%ﬂmogﬁlﬁfogc?la’i%%&w ?é%ﬂ qagfﬁr#g?ﬁyéﬁtﬁérﬁée%ons of
sai d fréf acsniiirigid pEgsisris mategians sai d heat sink for a second integrated
circuit package which nounts between said printed circuit board and said
| ower maj or planar surface. 11. The electronic circuit nodule of claimS8,
wher ei n eath cafhd elecirenid cirael weiukylen of (channtr Whste@nleménar ifffeoRions opaeid) | el
t 8y angh ANt GUQUSe Wst RIS BLA JilESr ABEQIndPInddbRdted irb @ PackdBe Whichigbunts
el ect{)onl C %&CUI t . nmodul eag{ cl al 31 8, wherejn onlqi/l t hose carrier |eads
whi chbetypen gatpptedcirguiRoand and;spid PW@%‘B@R&P’&W&H‘{ & or at supply vol tage
potential during operation of the first integrated circuit package have
I am nar ex{gnsi pps el‘é@fr&rﬁc fCH@Lﬁ{ hﬂ)’&ul@soihagitm 3 WRrein each carrier lead includes a

laminar extension which is parallel to and contiguous with said lower major planar surface.

25
12. The electronic circuit module of claim 8, wherein only those carrier leads which
are designed to be at either ground potential or at supply voltage potential during operation of the

first integrated circuit package have laminar extensions which function as heat sinks.
30 13. The electronic circuit module of claim 8, wherein said carrier leads are C-shaped.

14. The electronic circuit module of claim 8, wherein said package carrier further
comprises at least one pair of capacitor mounting pads on said upper major planar surface, each
pair sized and spaced to receive a decoupling capacitor.

35
15. The electronic circuit module of claim 8, wherein said dielectric carrier body is

formed from fiberglass-reinforced plastic material.

16. The electronic circuit module of claim 8, wherein at least one pad of said
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30 13. The electronic circuit nmodule of claim8, wherein said carrier |eads
are C-shaped. 14. The electronic circuit nodule of claim8, wherein said

package carrier further conprises at |east one pair of i unting
pads on ¥aH%Wher major planar surface, each pair si ze%%ﬁﬁgéoi/g;a% dto

recei ve a decoupling capacitor. 35 15. The electronic circuit nodul e of

cl ai minBerconectainnarsaiid snlutesloethatrqocremmdmérle%ﬂédﬁ spig firptangesgcqnddipckages may

fiber gged plastic material. 16. The electronic circuit nodul e
of clgca%guﬁ%gglgﬁn at | east one pad of said 10 WD 01/69680 PCT/USQO /07926
interconnection array is split so that corresponding | eads of said first
and second]pac kﬁﬂ@%ld&ﬁ:ymc réeait vodiné glecldingfamdiereiry unifjne segretst aronfed toi r cui t

g? g;?‘ﬂ%};}"g | ai nkgd 581 dtllrsacr{gl' s%yondbﬂagfg es bgrr&ltfn%dat st onePhEESpRNdioNg | eads

ages east one of the. si gnal s to
an  unused ldad adsifios bn mrﬁretrpaph@ef tﬂﬁerpef-‘é%ag)é the;sianal pathin be sarichgohie

si gnal BbA tgh&dccg,rtﬁégg Rodyckh&. the appropriate |ead on the second
pack agg%& bflg he el eCtrOI’(l:IOC glrc%blt nodul e of claim8, wherein said first

and second packages 10 are of the sanme size and functionally identical.

19. An el ecg.r onTke elietteati¢ ciradimeduloopriasn Bgwherepr said Stst en¢ sagond beckegeshavi ng
| east nelnterco C ray affixed thereto; 15 nultiple IC

i%ka&rg 6 etsgfneesazgﬁnumI%crnhaegllyﬁg&a&%ackage carrier having a dielectric

carrier body with upper and |l ower parallel major planar surfaces, a first

mount i ng p@% arAﬁBéle%{rBffné%Qéﬁlpm%mecuxﬂpﬂimgraj or planar surface, a secondOI f
mounting pad array i xed to sai u pad o
sai d second muﬁtHrW&%pgﬁc“I%P?aaQﬁFS% %tV\%fl% é&c@ﬁgéﬁw F %;dragiﬁ aafa?g{bdb

meanstetet@n i nter naIIy pl ated aperture which 20 ext ends between sai d upper

aggdl conduot) v FR}I@? Héék%gg dénq;a%hsﬁﬁlt ﬂfavlﬁgré 'pﬁbkaﬁé‘@%rrlere@é\}h@w rier

conducti ve sai d sec i hg arr ay, sald
set oflietentri¢ eqal'lll%ra@§d5§ pa@wrm% %@ﬂwf"?‘ﬁﬁrr &3rq! l?ﬁ) egef a(g%n%aﬁﬁ???gs £ T
inter ﬁRﬂﬁgﬁé' P arlP@PaﬁTxéa){o%@(ljcﬁfapﬁbrmhlajﬁr@bmrrwnﬁatebaamond mmmtlﬂQCbasieggnd
integrated gircuit sai d first r to
sai dgfafr?¥ta REGAE; $7Y H%Ygerdp?la’y pl%réugfégép%é)ﬂggd gt:s:"%& 5 ghétj %ng.‘ﬁﬁg coupl ed
t o saiftay |cbt1preddnraepad ofisaid dirstrareay; byamgaas ipéan 'B'iGHP@Wcﬂ*?ﬁeﬁ@P&aﬁUfe WF"C‘%‘al d
glhe%%{ Ints SRRLEE sa%%ppg?%nell&ﬁéf Rt ﬁérﬁ&@dﬁa@@gt’érﬂi Qfseﬁbﬁd:amélgleau/@er ein

egrated cCircui pa e having a

Wi, thin. a
pI ur aeBely Céf”eéiftii# pandyciiyaly b%ﬁi&déa@omqagg%a'?meﬁw% "%hnﬂpgcﬁ’a%t% at8% i r st
mount 's@gopélélrr@f eats bfaddirah@ 2dafigiredtfor sndfaps matriting tpaark adercoanectimi d

second 8 anpay on said printed circuit board;
first and second integrated circuit chips, said first chip being electrically coupled

25 to said first mounting pad array, said second chip being electrically coupled to said

interconnection pad array; and
a heat sink forming part of said dielectric carrier.

20.  The electronic circuit module of claim 19, wherein each integrated circuit chip is
30 encapsulated within a package having a plurality of external leads, and said first chip is coupled
to said first mounting pad array via the leads of its encapsulating package, and said second chip

is coupled to said interconnection pad array via the leads of its encapsulating package.

21. The electronic circuit module of claim 19, wherein said carrier body is formed

35 from a semi-rigid polymeric material.

22. The electronic circuit module of claim 191 wherein laminar extensions of said
carrier leads serve as said heat sink for a second integrated circuit package which mounts
between said printed circuit board and said lower major planar surface.
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is coupled to said interconnection pad array via the leads of its

encapsul ating package. 21. The electronic circuit nmodule of claim 19,
wherein ier body is formed 35 froma sem-rlgld

mat eri al %gll Je el ectronic circuit nmodule of claim 191 \M%gé%glmw am nar
extensions of said carrier |leads serve as said heat sink for a second
integrated circuit package which nmounts between said printed circuit board
and sai d | oxer rBjeo¢leqtoaiacircuitr hadde of tlaidd 191 MGRERD e RETEAUSON ]/eﬁtY arRtid28a The
el ectr el 2 8868 370k bEhat dncludes a
| ami na@méﬁ rfaélr(\%ﬁ%%& WHRM far& eé?(la%}dplomgu ?lcon%dlel Uous ﬁ\n&?% sal gﬂf ower naj or
pl anar surface. 5 24. The eI ectronic circuit m)dul e of claim 19, wherein

only those gArrige él&@(@ﬁlcVWCQfﬁ madu: &Qﬁzihﬁlnﬂﬂ whereeomstl tl&is’é fé@ﬂ‘neﬂ [eﬁtmd’hlch
potenti al u vol ta potential duri 0 n. of

i nt egr &t gﬂ“@‘?‘%&ﬁgf Q‘Bﬁ%ﬁ%\%’@” (gE}%t Oﬁ%ttrsu@%?' E?% O?v{?i urfnl?noé)tef gﬂn gthﬁeat
si nks. fidbintéEnmedtisnitipackage biaveclaminaresiighsof wintlafumction asvheer ghks.sai d carrier

| eads are 10 C-shaped. 26. The el ect roni c circuit nodul e of claim19,
wherein said package carrier further rises at |east one pair of

capaci tor mbunt i Hi pkesoHn deid megele Pr"faj imp | $n NS 1581 CABSE HEAGATTF

si 7ed @ndas@aced to receive a decoupli ng capacitor. 15 27. The electronic
circuit nodule of claim19, wherein said dielectric carrier body is forned
fromfiberglass-reinforced plastic material. 28. The electronic circuit
nmodul e of c2@i mTig, eledtionai ¢ircait hedide ocﬁrwupak? otherean daid 2@ckage exarrgmm fether on

array éo?nﬁ'gtsé Lt 198t bR@baifOf é@%&%%&ﬂmh%@g& M sa‘?@hﬁpefr k58 Fchr 38GRReach

packages ‘may receive uni nal s he el ectronic circuit nodul e of
cl ai m RV Sl%ﬂ@@tﬂélspﬁcﬁﬁﬂqﬁ.‘?é‘f%‘r‘ @H%ﬂoélpﬁ?%ceﬂ’éﬂ“{r correspondi ng | eads of said
fitst and second packages by routing at |east one of the signals to an 25

unused | ea 0Si 4, n the fl rst, pac e r.e / al
withint hed%ar r |—§}' et&%cgvmtc o Tt rrlOdl‘lli)er %#(ﬁlgia 1egptlr{%1etr ggalfj h(féag(g%g%%&gggidggg
formed from fiberglass-reinforced plastic materlal

28. The electronic circuit module of claim 19, wherein at least one pad of said
20 interconnection array is split so that corresponding leads of said first and second packages may

receive unique signals.

29.  The electronic circuit module of claim 19, wherein unique signals are fed to
corresponding leads of said first and second packages by routing at least one of the signals to an
25  unused lead position on the first package, and then rerouting the signal within the carrier body to

the appropriate lead on the second package.
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