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14 APRIL 2005 ELECTRONI C MODULE HAVI NG CANOCPY- TYPE CARRI ERS FI ELD OF THE

| NVENTION 5 This invention relates to the production of nulti-chip

el ectroni c nodul es, and nore particularly to a nmethod and apparatus for
attaching nultiple integrated circuit packages to printed circuit boards.
It also relates to high-density nmenory nodul es having thrqg-gprmegmiosnal
arrangenents of integrated circuit pq(ik_ages. 10 BACKGROUND OF THE | NVENTI ON
Denmand for sem conductor nmenory is highly elastic. On one hand, when such |
menory is relatively inexpensive conpared to the overall cost of a conputer
system an al nost unsati abl e demand results, w ufacturers
tending to i nELEITRONGIMGDUE Mﬁ%%@ﬂwg&@%@gﬁﬁm greatly
exceeds the anmount 15 required for average programuse. On the other hand,
when it is costly, manuf ac%gpiﬁyﬁﬁmwhfﬁhall an anount in each
systemthat only marginally ' T renent of the average

prpgram Al tiiye svehlion S8latss 5 teeprafuctionud trenisi-chimgledifomd rineluies, rrgi ned

at low levels, the end user may soon fi ng that he nusﬁ. up radgc{:i.s .

Comput nore partiauiAdids @ methoc ahd ARParALBJa AflacIBa APl Mg gled Gt

access ' : h ] ' | act
compur GPeRabEo BRRR GRouit SRS r AR HARe TG derslty FiaRbl EionuRar

manuf atiawirey thrée-direchsienalmraasmerds dbintegrated cireiitipackages. only a

gquadrupling of circuit density approxinmately every three years, but to

I ncreasingly efficient techniques for packagi ng and nmounting the circuit.
cfyps. 25 Up until the |ghertSROUND SFTTHENMNVENTIRMOry chips were usually

packaged as dual in-fine pin-packages (DIPPs). e pins of these DI PP
packages werldemanadfat lsgmigendisterdmemernyt isyhighlyhelastier ddgrems head; whehmi n

circuit_bpard (e.q. ot her r.d NS Edit [ ts
whi ch B, ey s releffel PR Compatng B S BB REt dp BIRECT LS
boar d. g\fcn t A€ aftfivstingiitiabi AemandTesiit, et ebpyterananefatives tendirgt ed
t hrough-hol es on printed circuit boards have been reﬁl aced with conductive

mount i g inslak an ameuntolmaindnempasin ¢ashusysirotbatarerdly experds the ampUniSal |
Q| e FRRkRORD LUSERR) prBfem!SRd. "o Ol LR YinaPHEdd BREHCR" i QRihyS Of
manufacturers typically install an amount in each system that enly marginally fulfitls

the requirement of the average program. Alhough the sales prices of computers
may, thus, be maintained at low levels, the end user may scon find that he must

upgrade his computer's main memory.

20 The ever increasing demand for large randem access computer memories,
ang the growing demand for increasingly compact computers, coupled with an
incentive on the part of the semiconductor manufacturers to reduce the cost per bit,
has {ead to not only a quadrupling of circuit density approximately every three years,
but to increasingly efficient technigques for packaging and mounting the circuit chips.

25 Up until the late 198(0's, semiconductor memory chips were usually packaged as
dual in-tine pin packages {DIPPs). The pins of these DIPP packages were generally
soidered directly within through-holes in a main circuit board {e.g., the motherboard),

ar they
were inseried in sockets which were, in turn, soldered within through-holes in the
30 main circuit board. With the advent of surface mount technolegy, conventional

plated through-holes on printed circuit boards have been replaced with conductive
maunting pads. Small Qutline J-lead (S0J) packages have lead to Thin Small
Cutline Packages (F50Ps). Because the pitch or spacing between centers of




-2 adjacent surface nmount pins is significantly |less than the conventi onal
0_10-inch spacing for conventional through-hole conponents, surface nount
chips tend to be considerably smaller than correspondi ng conventi onal
chips, thus taking up less space on a printed circuit board. Additionally,
as through holes are no | onger 5 needed, surface nount techa@may, 3ossds
itself to the nmounting of conponents gn both sides of a printed circuit
board. Menory nodul es utilizing surfae-mount packages on both sides have

b h dard. Both th | |
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47956, 694 to Floyd Eide, titled I\I'I'EGRATEDCIRCUITCHIPSTA NG A
pl ur al both sides mfeg;rmtr@@n cmm@m bealalre WMamesy sacdpiesi Hﬂlﬁm EEFPPALs and
st acked, ne on_t.o t d for
©ha” s mPckagest P iin; o Rgye vaBhme thelpBhhANES Hd b LaPReH ingle e
OnneCﬁ'ﬁéinh?{ Rdduiée! smwm hmd Qb(@rmlrmrmfy umcp mmqk-illng mng)ryemnndulels S.
Pat 28,831 to Fox, 20 et otitl | GH- DENSI TY ELECTRONI C
PAWACEDWIQFEF eeded dntersockets. '—‘Wﬁ%ﬂ ARE ELECTRI CALLY

| i ERCONNEC R, g §| ehis Fh?EEQewlrﬁﬁea% R PamatieaRe By Gfdbrféélmgonded

i ndi vidual ly tes each of which has a single chip
t her et enodiles sulwhictt al plaraibe of nﬁegﬂa@bedcliﬂi dhipsresuchkas gpeoeysehiBdt h t he

b- modul d th h bl 5 h
i or CHmIRORR b SBRe PRl o 8 afhelf el the hrep-oe,
al so i gpHefsibRafstayidn icﬂ’%h%@d Liiré€domnleSd ThDn-sEAsdEipadRigiNg rikthiddaT TACHED
TO AND W RE BONDED W N OVERLYI NG SUBSTRATE, is. anot her exanple. Such

a package i necaempleifpa vesiicah gtack b6 chibsi sepovidest by HdiRicdat Nehe
(e 158861 B e, M NPECRAE TR RS STARKINS Ao
COﬂneCTdf imebeiiae eirchrs are phokayed hﬂhmcwam@gewa‘rﬁaﬁ amgl stdoked, one on top
of the other, on a printed circuit board. Except for the chip select terminal, ali other
like terminals on the chips are connected in paraliel.
Another example of chip stacking is given in U.S. Pat. No. 5,128,831 to Fox,
20 et al. titled HIGH-DENSITY ELECTRONIC PACKAGE COMPRISING STACKED
SUB-MODULES WHICH ARE ELECTRICALLY INTERCONNECTED BY SOLDER-
FILLED VIAS. The package is assembled from individually testable sub-moduies,
each of which has a single chip bonded thereto. The sub-modules are interleaved
with frame-like spacers. Both the sub-modules and the spacers have alignable vias
25 which provide interconnection between the various sub-modules.
U.S. Pat. No. 5,313,086, alsc issued to Floyd Eide and titled 1C CHIP
PACKAGE HAVING CHIP ATTACHED TO AND WIRE BONDED WITHIN AN
OVERLYING SUBSTRATE, is ancther exarmple. Such a package includes a chip
having an upper active surface bonded to the lower surface of a lower substrate
30 layer having conductive traces on its upper surface which terminate in conductive
pads on its periphery. Connection between terminals on the active surface ang the
traces is made with wire bonds through apertures within the lower substrate layer.



traces is nmade with wire bonds through apertures wthin the | ower substrate
| ayer. 14 APRIL 2005 -3 An upper substrate |layer, which is bonded to the

| ower substrate |ayer, has apertures which coincide with those of the

| ower substrate |ayer and provide space in which the wre bondi ng may
occur. After wire bonding has occurred, the apertures are fijiyl{@e Miokh
epoxy to forman individually testabl g sub- nodul e. Mul ti pl e sub-nodul es can
be 5 stacked and interconnected with“netal strips attached to their edges.
A final exanple of a stacked-chip npdule is disclosed in U S. Pat. No
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pads of adjsadeat exampis dfogestaekedichi wicdule ishdisclasedae bBadta@l M@ t hen
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must necessarily be reflected in a higher cost per bit of storage. 20
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desi gned to nount on

] alpérinted circuit board (ﬁ{%%% on top of aLi@rst

i nt egr A@tegrkads, nulepleRanalyare stacked 1n iy @an%ﬂ?ﬂbaﬁ@?w k
carrieg H%Fm | ﬂ&% hi nd I C
pac kag('as Fggﬁﬁg@nﬁgﬁt eh I%%%@%ﬁdnggngf t eé'?(? ?as{':"t} H-F%H%gﬁga%éﬁ e‘?ﬁe
car ri emdfapenb@anktsutpaicthest tagvidual ehiy packagestanks, arertheo seprarafiedcinomhe
second, |l C pack s mounted. ,The .carrier. has a plurality of |eads by
n]éans_ e ?%'@?g‘ﬁéblﬁérfﬂ%@] ?@dé‘[%ﬂf’ghge“%ﬂh?'éd to 30 the PCB. Each carrier
lead is al sqgelgpt bbCakby HPNRECTEgbitgd exhAPlEs, Piraisedehprdiensity is

achieved through the use of complicated packaging and stacking arrangements,

which must necessarily be reflected in a higher cost per bit of storage.

20 SUMMARY OF THE INVENTION
The present invention provides for increased circuit density on printed circuit

boards. The invention is particularly usefut for increasing the density of memory
chips on memory modules used for computer systems. The invention includes a
package carrier that is designed to mount on a printed circuit board (PCB} on top of
25 a first integrated circuit {IC} package that is also mounted on the PCB. The carrier
has an upper major surface having a pad airay on which a second IC package is
mountable. When mounted on top of the first IC package, the carrier may be thought
of as a canopy or platform, on top of which the second IC package is mounted. The
carrier has a plurality of leads by means of which the carrier is surface mounted to
30 the PCB. Each camier lead is atsc electrically connected to a singie pad of the pad
array oh the upper surface. The invention also includes a multi-chip module

assembled using at least one PCB, at least one package carrier and at least two IC



array on the upper surface. The invention also includes a nulti-chip nodule
assenbl ed using at | east one PCB, at |east one package carrier and at | east
two IC 14 APRIL 2005 -4 packages associated with each carrier (one nounted
on the carrier and the other nounted beneath the carrier on the PCB). For
mul ti-chip nodul es where the 1C package beneath the carriay spgfiesml | or
nost connections in comon with the I%‘ package nounted thereupon, a single
| ead of the carrier and a single |lead of the 5 package beneath the carrier
may share a nounting/connection pad on the PCB. Wen separate connections
nust b&agkagenpssesiales, Wi RRGh cofRen (Pag daoRedRn the, camigs %'?FE “E'?\ﬁ'b%fckage

beneat b e Adredlin the Ty SIRABIREE)PAFLOMUITENBFdliles Wher@lthé 160 that
each | ead has a uni que connection. Alternatively, ad beneath an
el ect r ipmgkaye bensath theacarier shardsosib or paest agansayonseinuseramas with thedbe

ackag@Pkage reontPl Brrepeh Suardle Bt kB berie AR 2, oihaB e AR'T s,
erpodi kaﬁ% Heiafithe %rﬂié?%ﬂ}%hﬁeb?%ghﬁﬂﬁgmomédﬁmt pAE bR PCB.

arrang as"two parallel linear rows of pads, ‘and adhered to an upper najor
sur f ac &heh saparateThenneiios s omush beCastek by esimilarty cpesitienas ieadsy opoliged t o

the pads of the, 15 first pad_argay,. The .bod | ay,
i r ahgariR! AbtE-pankaD BiReRRS IRY coaF RE Ro s oG B PRAC i =
| ongi t @i Gk sedBaseadh tbaridhas adiiigud Benhestiin. ARGaEtISely| 8 padt ek anPads
of the first and second arrays are interconnected with conductively-plated
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TRE”endt SBn2 BAOK bEYerollo 156 Hliel EBRP RSB AR pASRiRe Rl 1o oo™

two  pdewt whishdsoregsponds éo donopgtetlieag. a first | am nar sheet which is
conti nuous w th and xt ends. pet ween thgse two | eads, . and |l ch may extend
Che entire PeEeiPOPoRNSH al eckarman THdss A PORY Qi or 11k PacLa Ak
sheet g, BRASPRIEHarlle FRdhr G ods Af qahg, afdHdhefed @ éﬁ%gbb} ﬁ{aﬁ'ortélﬁfhédeansf er

of heat to"the anbient air. The end | eads on a second 25 side of the
carri ethereef.ndhé lepdainban ¢Gpackage sway be cgnductirehebonded o thenpadsohihect ed

Hece” 10 PRbabandarrey As) Hat areruond BT LY SNBTINGH: SF RBocBrPler | an

end polihé@Prows dhFadiesesiionaiainag thé ieigit@ing) edges cariiadheedan thatbvadr t he

cart! ermajnr surface thereof. Pads of the first and second arrays are interconnected with
conductively-plated vias, or through holes. The carrier leads are conductively
bonded to the pads of the second array. The carner incomporates a heat sink

20 feature. The end leads on a first side of the carmier are both power leads. These two
power leads are interconnected by a first laminar sheet which is continuous with and
extends between those two leads, and which may extend the entire length of the
carrier. An end portion of the first faminar sheet may be exposed at cach end of the
carrier to facilkate the transfer of heat 1o the ambient air. The end leads on a second

25 side of the carrier are both ground leads. These two ground leads are
intercennected by a second laminar sheet which is continuous with and extends
between these two leads, and which may extend the entire length of the carrier. An
end portion of the second laminar sheet may be exposed at each end of the carrier
to facilitate the transfer of heat to the ambient air. Each laminar sheet is spaced

30 apart from the intervening leads of the same row. The first and second laminar
sheets are spaced apart from one another along the center of the carrier. Each IC
package includes a dielectric body, an IC chip embedded within the body, and a



to facilitate the transfer of heat to the anbient air. Each | am nar sheet

I s spaced 30 apart fromthe intervening | eads of the same row. The first
and second | am nar sheets are spaced apart from one another along the
center of the carrier. Each IC package includes a dielectric body, an IC
chi p enbedded wi thin the body, and a 14 APRIL 2005 -5 pl urgliApwref2idogads,
an end of each of which is also enbedded within the body and electrically
conductively coupled to a connection termnal on the IC chip. For a

f d enbodi t of th lti-chip nodul e, _surf ft bod
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nounting to a nounting/connection pad on a PCB. An inner portion of each
| ead efaciitate beatdransferdrerathe paskage body iy thedgminampshaedsr ed  enbodi ment of
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thereby creating a space beneath which the first package nay be nounfed on
t he PCBoupleditharedaivisda thermady-aonductivelepmpound apn IBdigss piexinidy thgrelo tone or

T andl RO R R RS ARF SRR e T, D contTuctes
beneat h t he Acfgurite embalimbhc bf ovee carrier includes only a set of leads. Qriginally
attached to a iead frame for proper positioning during the manufacturing process, the
upper package is electrically and physically attached to the set of leads by, for
example, a solder reflow process. Following solder reflow, the chipfeadframe
20 assemhbly is subjected to a trim and form process to create a carner-mounted
package having leads which exiend both cutwardly and downwardly from the
package, thereby creating a space beneath which the first package may be mounted

on the PCB.
A fifth embodiment of the carner is adapted for mounting of one or more ball-
25 grid array type IC packages. Modules may be constructed having one or more ball-
gnd-array type packages mounted on the PCB beneath the carnier, on which one or

mare other bali-gnd-array type packages are mounted.

DESCRIPTION OF THE DRAWINGS
30 Figure 1 is an isometric view of a first embodiment package carrier showing
the top thereof;
Figure 2 is an isometric view of the first embodiment package carmrier body,




nore other ball-grid-array type packages are nounted. DESCRI PTI ON OF THE
DRAW NGS 30 Figure 1 is an isonetric-view of a first enbodi nent package
carder showing the top thereof; Figure 2 is an isonetric view of the first
enbodi ment package carrier body, -6 14 APRIL 2005 show ng the underside
thereof -6 Figure 3 is an isonetric view of the carrier |ea {

package carrier of Figure 1; Figure_%ijs an isonetric viemﬂg%BPHéaﬁ?%st
and second heat sink sheets, which 5 are connected to the ground | eads and

t he power leads, respectively, Figure 5 is an isonetric view of an expl oded
portio%@%ﬂ%‘i‘?’%@ﬁﬁeﬂ?‘éctroni c modul e shown in relation to the first
and second imgG@ atighif iddhibtlic VERKAORS chirigr I8ads bf 179 'aéﬂaﬁér' il B of
an assenbl edm%ortion of the first enbodi nent 10 el ectrtgjnl o ﬁ?l?relsﬂl gure
7 is afFifgenEtric view of a second enbodi ment package carder; Figure 8 is

' tric.yi f th d_embogdi k i er bod howi
the under si daSbih & ah SpRERRL VieW 8P e ish ABATee8hu el s dhedts, MBI cads
of5 t he Facsaaccedtsites gRiundidals anbend hoﬁc?ﬁqéﬁjsl%éﬁec@ivéﬁp plan view of a

carrier body of either the first or second enbodi nent package carder;
Figure 11 i Figwrei Soifetan dsemeticofviean @fx ginoguplogedt porione dinstd embledirnesit

por 1 ot o8dyie] ST efaiod, &Y BNF:T b bR, fGbedlEd Bl

i sonet packagesy of a | eadframe segnent used in the manufacture of a
lgure 14 is an expl oded isonetric view of the

Ibodyl ess. C?ﬁh@été:aréi giar; Flﬁg ; C A
eadfrane s B ar-ispinedric Mew of anpssempled gortian atthe feshambagiment
RN Rl RBdule;
Figure 7 is an isometric view of a second embodiment package carrier;
Figure 8 is an isometric view of the second embodiment package carrier body,
showing the underside thereof;
Figure 9 is an isormelric view of the carrier leads of the package camier of
15 Figure 7:
Figure 10 is a top plan view of a casrier body of either the first or second
embodiment package carrier;
Figure 11 is an isometric view of an exploded porion second embodiment
electronic module;
20 Figure 12 is an isometric view of an assembled portion of the second
embodiment alectronic module;
Figure 13 is an isomebic view of a leadframe segment used in the
manufacture of & bodyless canopy carrier,;
Figure 14 is an exploded isometric view of the leadframe segment of Figure
25 13 and a dual-guliwing IC package for mounting thereon;
Figure 15 is an isometric view of the assembled leadframe segment and IC
package of Figure 14,
Figure 16 is an isometric view of the assernbled leadframe segment and iC
package of Figure 15 following a irim and form operation, but prior to the attachment
30 of an adhesive film patch on the lower surfaces of the leads:

Figure 17 is an isometric view of the fully-assembled leads, IC package and
film patch of Figure 16;




R R

Figure 15 is an isonetric view of the assenbl ed | eadfranme segnent and IC
package of Figure 14; Figure 16 is an isonetric view of the assenbl ed

| eadf rane segnent and I C package of Fig u re 15 following a trimand form
operation, but prior to the attachnent 30 of an adhesive film patch on the
| ower surfaces of the |eads~ Figure 17 is an isonetric viewsipkite2005
fully-assenbl ed | eads, | C package and 7 filmpatch of Figure 16; 14 APR 2005
-7 Figure 18 is an expl oded isonetric ‘view of the assenbly of Figure 17 and
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r epr esent atimgu,@aig Ok gsgernblediewadhlage;, Figure 22 is an expl oded
I sometric view of four ball-grid-array |IC packages and a dual - package

carri erctementmehpwinin B@eryd8. 1 [1 bali-grid-array IC packages, ready for
moynt ing on @qfitd 54/l aRIBEAetE GekFor’d DIRM e EohfsfisicHulliphs g el Snent s
sh e , Flgure

wn in Figu IS an isonetric view of an assenbl ed D MV
nodul e ppepibliesng nultiple Figure 23 assenblies; and Figure 25 is an
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bl 1ot 1 0 aryrd 21 e RgReslan Yt aseharsb NI R BREg I backdaer o
printed cirotihlrbefidan BepdueERdRSER aWON OF THE | NVENTION As wi || be

evident fromthe attached drawing figures, the present inye i

ntion 20
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density. . The inveption ma for .. r : plications. One very
obli ousb%kﬁ%afr@ﬁﬁ R%agﬁéh%%gg?ﬁr U@Pt'ﬁ%}flfgrdy&%ﬁ °£B‘ As menory nodul es
typical ly incigurop3isan asbémblebviewrofahe elmmentsishawrginrfrigid 32:pr escri bed

di mensi ons, nore effjcient use of the_ board rﬁg B?the v& III result in a
modul e havi ngggre@dels aBtiEPMEHiR VP 2H A asemRed module comphsing

muttiple Figure 23 assemblies; and
Figure 25 is an isometric view of a single-package carrier designed to receve

15 ball-grid-array 1C packages and two such packages mounted on a portion of a
printed circuit board.

DETAILED DESCRIPTION OF THE INVENTION

As will be evident from the atiached drawing figures, the present invention
2 permits the manufacture of electronic modules having increased circuit density. The
invention may be used for a variety of applications. One very obvious usage is in the
manufacture of memory modules. As memory modules typically incorporate a
printed circuit board having rigidly prescribed dimensions, more efficient use of the
board real estate will result in & module having greater total memory capacity. The
25 invention may also be utilized to ciosely couple related, but dissimilar, IC packages.
For example, it may be desirable to mount an IC package containing high-speed
cache memory on top of an IC package containing a microprocessor chip. The
various embodiments of the improved elsctronic module will now be described in

detail with reference to the accompanying drawings.
30 Referring now to Figures 1 and 2, a first emboediment package carrier 100 has
a dielectric body 101 having upper and lower parailel major planar surfaces 102U
and 102L, respectivety. For a preferred embodiment of the inventicn, the body is
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25 invention may also be utilized to closely couple rel ated, but
dissimlar, |1C packages. For exanple, it may be desirable to nount an IC
package cont ai ni ng hi gh-speed cache nenory on top of an | C package
containing a m croprocessor chip. The various enbodi nents of the inproved
el ectronic nmodule will now be described in detail wth refgsgpRa. beod he
acconpanyi ng drawi ngs. 30 Referring n to Figures 1 and 2, a first

enbodi ment package carrier 100 has a ‘dielectric body 101 having upper and

| ower parallel major planar surfaces 102U and 102L, res tively. For a
pr ef er rradde fioodithe fibetriagsshesinforesst plgatic matepalgem@oeny ﬂ?&fﬁ“ Eéﬁﬂé*d%“ de
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difference 1n "spactn e package carrier 100 may be thought of as
a canopye aotad thiaf henbbodyh @ has er dutest HiRlabeaciyesd theyeobnd i nt egr at ed
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the packad@oS@wsoMesafs 104 ef RCHROBragM036E nbPdvwalrtRan ithe kpgdeing depwben of
capaci tor nounting pads 110 at each end thereof. The pads of ,
the two rows of pads 106 of the second array. The reason for this difference in
spacing is that the package carrier 100 may be thought of as a canopy or platform
_ which overlies and bridges a second integrated circuit package mounted on the

20 printed circuit board. Thus, carrier leads 108 must be wider spaced so that they
mount outside of the leads of the package so covered. The package carrier 100 also
includes a pair of capacitor mounting pads 110 at each end thereof. The pads of
gach pair are sized and spaced fo receive a surface mount decoupling capacitor
111.

25 Referring now to Figure 3, the camier lead set 108 of the first embodiment
nackage camier 100 includes a plurality of articulated leads 301, each of which is
individually attached to a pad 106 of the second mounting pad array 105. The cuter
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

30 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 interconnected via a second laminar
sheet 305, which also serves as a heat sink tayer. Both the first and second laminar




e A

each pair are sized and spaced to receive a surface nount decoupling
capacitor 111- 25 Referring nowto Figure 3, the carrier |ead set 108 of
the first enbodi ment package carrier 100 includes a plurality of

articul ated | eads 301, each of which is individually attached to a pad 106
of the second nounting pad array 105. The outer portion ofjsgeaphiiofothe

| eads 301 is essentially Cshaped. Theg,carrier |lead set 108 also includes
a trio of power |eads 302, which are i'nterconnected via a first lamnar 30
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504. ckage carrier Ts designed so that its two rows of |eads [109110
8L and ACsondoinbigrated wiecuit packags 6P7| haning @ phedity f ispde SPBSdehowhan

L e 9 oo PR SO e S SRR RS,
508 t o gdiAer 160G s aligHedt foR Suifade pRduNting to the third mounting pad array 504.
The package carrier is designed so that its two rows of leads [109] 108L and 108R
constituting its carrier lead set 108 are spaced wider than the rows of leads 508 on
the second integrated circuit package 507. Such an arrangement permits one carrier
20 lead 109 and cne second package lead 508 t¢ share a common mounting pad 506
on the printed circuit board 503. Where the signals andfor power inputs are
common, the pad 505 need not be spiit. However, where the signals are different
{(e.g., chip select signals), then the pad 505 may be split so that a different signal or
power requirement may be delivered tc the proper lead. Pad 5058 is such a split
25 pad. If both the first and second packages 501 and 507, respectively, are memory
chips and the first package 501 is surface mounted to the carrier 100 and the carrier
100 and the second package are surface mounted {o the printed circuit board 503,
then each chip may be individually selected by sending a signal to the appropriate
half of pad 5055. An altemative method of routing chip select signals to two identical
30 chips involves utilizing a pad for an unused lead {of which there are typically several
on 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 banded. It
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on the printed circuit board 503. Were the signals andl or power inputs are
common, the pad 505 need not be split. However, where the signals are
different (e.g., chip select signals), then the pad 505 may be split so
that a different signal or power requirenent my be delivered to the
proper | ead. Pad 505S is such a split 25 pad. If both the figaPRAnEMEecond
packages 501 and 507, respectively, @ﬁ?_nennry chips and the first package
501 is surface mounted to the carrier 100 and the carrier 100 and the
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Referring now to the assembied first embodiment electronic module 660 of
Figure B, a second integrated circuit package 507 is surface mounted to a third

20 maounting pad array 504 on a printed circuit board 503, a first embodiment package
carrier 100 is also surface mounted to the third mounting pad array 504, and a first
integrated circuit package 501 is surface mounted to the first mounting pad array 103
of the package catrier 100. The assembly also includes four decoupling capacitors
111 which are suface mounted to capacitor mounting pads 110 and 50%.

25 Figures 7, 8 and 9 show a second embodiment package carrier 700 in both
assembled form (Figure 7) and component form (Figures 8 and 9). The principal
difference between the first embodiment carrier 100 and the second embodiment
cartier 700 is the shape of the leads 701. It will be noted that each lead has an
elongated portion which functions as a heat sink. There are no laminar sheets

30 coupied to either the power and ground leads, as is the case for the first embodiment
carrier 100. Figure 8 shows the under side of the dielectric carrier body 101 which,

in this case, is identical to that of the first embodiment camer 100.
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Figure 6, a second integrated circuit package 507 is surface nounted to a
third 20 nounting pad array 504 on a printed circuit board 503, a first
enbodi ment package carder 100 is al so surface nounted to the third nounting
pad array 504, and a first integrated circuit package 501 is surface
mounted to the first nounting pad array 103 of the packagejfaprierodPo.
The assenbly al so includes four decoqulng capacitors 111 which are
surface nounted to capacitor nmounting pads 110 and 509 25 Figures 7, 8 and
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Referring now to the assembled second embodiment electronic module 1200
of Figure 12, a second integrateg circuit package 507 is surface mounted to a third

20 mounting pad array 504 on a printed circuit board 503, a second embodiment
package carrier 700 is also surface mounted to the third mounting pad array 504,
and a first integrated circuit package 501 is surface mounted 1o the first mounting
pad amray 103 of the package camier 10C¢. The assembly also includes four
decoupling capacitors 111 which are surface mounted to capacitor mounting pads

25 110 and 508.

Referrng now to Figure 13, a leadframe segment 1300 used for the
manufacture of a bodyless canopy carier includes a pair of frame rails 131, a pair of
rail-inking members 1302, and a set of leads 1303L and [133R] 1303R arranged in
right and left groups. The leads of each group are connected to one another and to

30 the raiklinking members 1302 by connector finks [134] 1304, R’ should be
understocd that an entire leadframe stip may inciude many such leadframe
segments 1300.




RN

nmounting to the third nounting pad array. Referring now to the assenbl ed
second enbodi nent el ectronic nodule 1200 of Figure 12, a second integrated
circuit package 607 is surface mounted to a third 20 nounting pad array
504 on a printed circuit board 503, a second enbodi nent package carrier 700
Is also surface nounted to the third nounting pad array 604y4 sARREO. apd3 r st

I ntegrated circuit package 501 is surface nounted to the first nounting

pad array 103 of the package carrier'igﬁ. The assenbly al so i ncludes four

decoupl i ng capacitors 111 which are surface ed to, c LtQr Unt i ng
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15 assembly. Specifically, the film strip 1601 will be attached to the lower surfaces of
the leads 1303. The presence of this film sirip 1601 makes rework of the assembly
feasible, even after trim and form/singulation step is compiete.
Referring now to Figure 17, the adhesive film patch 1601 has been attached
to the lower surface of the leads 1303. An IC package assembiy 1701, consisting of
20 the IC package 501, the attached canopy, or carrier, leads 1303 and the attached
film strip 1601, is now ready for mounting on a printed circuit board.
Referring now to Figure 18, the IC package assembly 1701 of Figure 17 is
shown positioned over another IC package 507, which is positioned over a portion of
a printed circuit board 503. As is the case with the embodiment shown in Figure 5,
25 the leads of both the IC package assembiy 507 and the IC package 507 will be
surface mounted cn
to the pads of the mounting pad array 504, which is arranged in two parallel rows
506L and 508R. Decoupling capacitors111 are also shown positioned for mounting
on the printed circuit board 503
30 Referring now to the assembled third embodiment electronic medulie 1800 of
Figure 19, the individual elements shown in Figure 18 have been assembled on the
printed circuit board portion 503. Figure 20 shows eight Figure 18 assemblies




15 assenbly. Specifically, the filmstrip 1601 will be attached to the

| ower surfaces of the |eads 1303. The presence of this filmstrip 1601
makes rework of the assenbly feasible, even after trim and

form singulation step is conplete. Referring nowto Figure 17, the adhesive
filmpatch 1601 has been attached to the |ower surface of {hgpkeadsnsl303.
An | C package assenbly 1701, consisting of 20 the |C package 501, the
attached canopy, or carrier, |eads 136 and the attached filmstrip 1601,
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of the balls 2102 will be physically 1 [I and electrically bonded to a
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posi ti oresy f®packages 2100-C and 2100-D are interfaced 1o printed circuit board circuitry
(not shown) through their own mounting pad arrays 2205-C and 2205-D.
Referring now to the assembled fourth embodiment electronic module 2300 of
Figure 23, assembly of the components shown in Figure 22 has resulted in a printed
20 circuit board assembly having two ballgrid-array type packages {2100-C and 2100-
D} covered by camier 2201, on which two additional ball-grid-array type packages
(2100-A and 2100-B) are mounted. Figure 24 shows eight Figure 23 assemblies
incorparated in a single BIMM moduie 2400.
Referring now to Figure 25, an assembled fifth embodiment electranic module
25 2500 is similar to that of Figure 23, with the exception that the carrier 2501 is
designed to receive only a singie bail-grid-array 1C package 2502-A. An additional
hallgrid-array IC package 2502-B is positioned beneath the carrier 2501. Both the
carnier 2501 and IC package 2502-B are bonded fo the printed cithe s and two such
packages mounted on a portion of a printed circuit board.
30 Alihcugh only several single embodiments of the inwvention have been
heretofore described, it will be obvious to those having ordinary skill in the art that
changes and modifications may be made thereto without departing from the scope



mounting on a portion of a printed circuit board 2203 beneath the carrier
2201. It will be noted that the printed circuit board 2203 includes a
nounting pad array 2204 that 15 will be used exclusively by the package
carrier 2201. Each of the lower ball-grid array |IC packages 2100-C and
2100-D are interlaced to printed circuit board circuitry (npaAPRIOBN)S

t hrough their own nounting pad arrays 14205-C and 2205-D. Referring now to
t he assenbl ed fourth enbodi ment electronlc nodul e 2300 of Figure 23,
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ends of whlugde FSasisapuct IRisdeBetivdan thaxenives betremed, edbl nfrtherttumpmrm'mﬂl d
not be may utilize either of the three ieads currently available for surface-mount
components, as weli as leads which might be developed. In addition, the surface
mounting of components fypically involves a solder reflow process, where leads
20 andfor mounting pads are coated with a soider emulsion. The components are then
assembled and the assembly is subjected to a reflow step in an oven. The leads are
thus conductiveiy bonded to the mounting pads. There are other known technigues
for bonding leads to mounting pads. Placing a metaf bali (usuatly gotd) on each of
the mounting pads, placing a iead on top of each ball, and using ultrasonic energy to

25 fuse each ball to both its associated pad and lead is another surface mount option.
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considered limted by the type of | eads which are utilized on any of the
constituent conponents or on the chip carrier 101. Lead types may al so be
m xed between conponents conprising a nodule. Thus, assenblies having a
nunber of different |ead conbinations are possible. At one end of the
spectrum both packages and the 15 carrier may utilize "C'-ghapr#. 0605
"J"-shaped | eads. At the other end, alLk _conponents w1l use "S"-shaped

| eads- Between those two extremes, each of the conponents may utilize
either of the three leads currently I.Labl e for surface-nount

conponents, as well as | eads which ﬁﬁéﬂﬂ—be devel oped. In addition, the
surfac - {.. conponents typically involves a solder reflow process,
wher e ﬁ@@%ﬁﬁggéﬁﬂgf%i nounting pads are coated with a sol der enul sion. The
conponents are then assenbled and the assenbly is subjected to a refl ow
step in, an oven, The. lLeads,are hus. conductively bonded to the nounting
pads. Ther e AP ElesiRBjc i W‘?%ﬁﬂ%ﬁ'ﬁies for bonding | eads to nounting pads.
Pl ?Ci ng a meiral Fhdl bedotidalty @oId)paeRages,heath ddiecomprisinggabpéeisi @heaci ng
a lead on top of each ball, and using ultrasonic ene@%y to .25 f%fe.ea h

bai | t cpankapgei aed gachRaskage JRYingha vaskage Sody fanainig, an viegRted SR on.
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conpri S g%gg}l&ﬁ%ﬁ%&%@n%&ggﬁ% #%Ip[g%%kdggaé'g,&gﬁdch set conprising at
| east one psicleage onenit qrkageciiy daling agoarnpaokitiyat Heast oobetmoaning an

integrated circuit chip and a plurali

t f ti I t | ed t
sai o cHpation thesean faeondochuelRasng 1Nt g Conoeeron FPeRSA’ S8l one

TBHN | Nact B8 RkabBELRAGT st S hdokalol, RERFlaRdrAIBS Uliie - aBneeti on

ment's of sai ast one package of said first-set package,
sai d catariier lehd® whaichngxiandeoutwardlyr rindr dovamiardlyi Horme,aaithdato lgaghr e§ and

downwardly from sajd at |east.one nounting | t] t.he e!Q%: rigeng- a
recess *WF’PH{"PQ\A!HF %ai@@@%o‘?&p@ qéecﬁ%%kﬁ@ﬁﬂn@%e S%S'ite ;Bg ‘J'pgrti nt ed
circuity g i3y bRGhedted east one surface-nmount pad array thereon, 15 said
at | east oné&€ pad array havi Pdg conductively bonded thereto poth Sﬁll d | eads

of said caraipsintest ciseuiti baard bavingsitdenst gar ruFacenmeunt peray dReeA on
ellg mentgaig fat%%é& one pad array having conductively bonded thereto both said leads of

said carrier of said at least one |G package unit and the connection elements of said
at least one pacakge of said nested second-set IC package.

2. The electronic module of claim 4, wherein sakl carrer comprises only a set of
20 leads to which the connection elements of said at least one package of said first-set
IC package are conductively bonded.

3. The electronic module of claim 2, which further comprises an adhesive film
strip bonded to all the leads beneath said mounting location.

25
4. The electronic module of claim 3, wherein said adhesive film strip is a thermo-

conductive dielectric material.

5. The electronic module of claim 4, wherein said adhesive filmstrip is in contact
30 with said nested second-set IC package.

6. The electronic moduie of ¢laim 1, wherein said camier comprises a dielectric

carrier body having upper and lower parallel major planar surfaces, said mounting
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at | east one pacakge of said nested second-set |C package. 2. The

el ectronic nodule of claim1, wherein said carrier conprises only a set of
20 |l eads to which the connection elenents of said at | east one package of
said first-set |1C package are conductively bonded. 3. The el ectronic

nmodul e of claim 2, which further conprises an adhesive fil m4 gtrmp2tpnded
to all the l'eads beneath said mounting.location. 25 4. The el ectronic

nodul e of claim 3, wherein said adhesive filmstrip is a therno- conductive

dielectri terial. 5. The, el ectronj dul e of claim 4. wherej '
adhes vecatianrpostined om SRGhLEPET 8010k AN SHHEE: Suls CEHG e RS

K al . | s ! = o idecari
Egﬁpfggﬂg%d gﬁlg?@c@%ﬁzﬂ%@; gllgg!r# ggg@%a{%‘i&ﬁg%lpper egﬂgnl ower pgfal I er{le[raj or
pl anar |ggié apessaidandunting tocagiohdprakided 2P ebndadtively plated apesiures vduchHn

sai d upper jor planagr surfa said.carnrier |ea being affixed to said
| ower M%FSEPBM%&" §@aflﬁj@@f a@ﬁi‘é’f’?f mcr&&ﬁrﬁg&l{@&%et ween said carrier
Iegds and said nmounting | ocation provided by conductively plated apertures

which extend between said upper and | ower major planar surfaces, 5 7. The
el ectrohi c fdeuelectsbniciraddule, ofwirire] rwbeksin eack of said first and geseadntt et | C

packages are of a ball-.qrid-a type n%ﬁ.ﬁﬁ&f P f qé'gc.ltaé & east
one Sl}?q%@@?ﬁoﬁ'ﬁt Dgaf'd b%ilgg;ﬁ%{]ﬂh %r ?H?e Cl rcu?thago(gfga@r ?enp_oy%d for
mount i Ngsrifce-pauft ?bd | Bt ofthe [pEined kigeit boiatd arel eswildyedt: Srevossting of set
1C package. 10 B. The el ectronic npdule of claimg, V\E ch, further conprises

at | eassaid aé least opadCinaskane spitasid said Restedseconddpet( :%ﬁgﬁne | C package

um'@t. 9. The electronic nodule of claim1, wherein each carrier |ead
inCludes a |amnar 15 extension which is parallel to and contiguous with
said | oger nFherelptieonic modilkcef daim Fewbiohc furtherccomposes @t lHast g

wherein only those carrier | eads I ch are siqgned to.be at either ground
pot ent i B¥cHiPligg C@Eﬁﬁ'ﬁif 'UB‘r"f'tEgéa'bﬁgl’V\'gr?&il%ﬁsta’f}reﬂﬁdj%g?ﬁqﬁon of said first
set | C package have | am nar extensions which function as heat

9. The electronic module of claim 1, wherein each carrier lead includes a laminar
15 extension which is parallel fo and contigucus with said lower major planar surface.

10. The electronic module of claim 9, wherein anly those carrier ieads which are

designed to be at either ground potential or at supply voltage potential during

operation of said first set IC package have laminar extensions which function as heat
20 sinks. '

11.  The electronic module of claim 6, wherein said dielectric h'ody is formed from
fiberglass-reinforced plastic material.

25 12.  The electronic module of claim 1, wherein a single surface-mount pad array is
employed for bonding both [the] said at least one IC package unit and said second-
set IC package.

13. The electronic module of claim 12, wherein at least one pad of said surface-
30 mount pad array is split so that corresponding connection elements of said first-set

packages and second-set packages may receive unique signals.
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20 sinks. 11. The electronic nodule of claim®6, wherein said dielectric
body is fornmed from fiberglass-reinforced plastic material. 25 12. The

el ectronic nodule of claim1l, wherein a single surface-nmount pad array is
enpl oyed for bonding both [the] said at | east one |IC package unit and said
second- set | C package. 13. The el ectronic nodul e of clai mi{gZspphersan at
| east one pad of said surface- 30 m)ungl pad array is split so that
correspondi ng connection el enents of “$4rd first-set packages and
second-set packages nmay receive unigue signals. 14 Rl L 200t5 -17 14, The
el ectrofl.c rdunelectpnici rapdvle, of girired whergin g sngig SUTageRovR %‘ﬁaﬁﬁféﬁ/ i s

enpl oyed f or i | d.-at 4l @Qg@g ' Swdstdnest ed
sggoné-%?%FEBB%gﬁgtgﬁﬁé\%&ﬁﬁh%}%% Fl?%%}qu@égil%g% S regpggﬁrﬁdo%resondi ng
connectdepandleent s%aﬁkagef igrek wmrei?:Cupml:ieag@m ates sbid- G@’ﬂ‘eﬁl? age
nested 5 within said at | east one.l ackage, unit [ ' | set

| C pac Iﬁﬁgﬁﬂé’% ﬁ”tsp‘i’g aﬁmﬁ%?&pﬁrt&g? %Wegcﬁec?hg'sgeéﬁgtf%%% geé-lré Szé]qjsed _
0051“eCF\hfﬂQpﬁéaﬁ‘d’EgFﬁaa%Pahé'|8”:magéadrﬁ't_ DAGRIRA-R firstseatk gaekage i bbrded

r et outing e sli wthin the“carrier body to the appropriate_ bonding
| ocat i dyy feuting aleleastdne wirtbe tsignale te menunised epnadtios: eleaent gospRaI@ye. 10

15. The el ectronic dule of clajml.  wherei Ld fhisStaSe d- set
IC pacigeecandset It insckadke €& e tprPlIE I SBpfh Wb rESiernBEoogy S

el ect r opLGOERERe CORRingIotatiod Forfa desired dosmestivn cletmenobns@idhstagel; each
set conprising at | east one package, and each package having a package
body copackiageng an integrated circuit chip and a plurality of connection
elﬁnents coupled to said chip; at |east one |IC package unit having a
cd’rier with a bondi ng | ocation for each connection elenent of said at

| east of® parkaagedtforsairgodule sof- slaim | 1C wheleiy saidafirst-s20 dnansgeernd-sefall ons
residing in a common plane, said ?arr_i er al so .ha]vi ng a set of carrier

| eads, RRKEYSE ampick ihe s2Opsiae pod AYRetiopally Kent&ala bondi ng 1 ocation, said

| eads extending downwardly from said plane, thereby formng a recess
wi t hin which said N
16.  An electronic module comprising:

15 first and second sets of IC packages, each set comprising ai ieast one
package, and each package having a package body containing an integrated circuit
chip and a plurality of connection elements coupled to said chip;

at least one IC package unit having a carrier with a bonding location fqr each
cannection element of said at least one package of said first-set IC package, all

20 bonding locations residing in & common plane, said carier also having a set of
carrier leads, each of which is electrically coupled to a bonding location, said leads
extending downwardty from said plane, thereby forming a recess within which said
second-set iC package may be nasted;

a printed circuit board having at least one surface-mount pad aray thereon,

25 each surface-mount pad amray having conductively bonded thereto both said leads of
said carrier of said at least one IC package unit and the connection elements of said

at least one pacakge of said nested second-set IC package.

17.  The electronic circuit module of claim 16, wherein said carrier comprisas only
30 a set of ieads to which the connection elements of said at least one package of said

first-set IC package are conductively bonded.
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second-set | C package may be nested; a printed circuit board having at

| east one surface-nount pad array thereon, 25 each surface-nount pad array
havi ng conductively bonded thereto both said | eads of said carder of said
at | east one |IC package unit and the connection elements of said at |east
one pacakge of said nested second-set |C package. 17. The el£&PRANDG0OS
circuit nodule of claim16, wherein said carder conprises only 30 a set of
| eads to which the connection el enents of said at | east one package of said

fi t-set IC k d [ | . APRI L. 2 -18 - Th
RN A TR e PRI R e g e L B
di ol ect fi g {1 ol BABBATY ol dldadsferisalanaahing Redionunt | ng

| ocati on. onic modul e of claim 18, wherein said adhesive film
stripis a 5 thernp-conductive material. 20. The el ectronic nodul e of

Cecona- b "1 e el 700930 "5 i, 3B ofherSi, Baick SBhehe hir o8, s PR 0

sai d quéhﬁﬁ-c%ﬂﬁpéﬂi*.%eﬁla?eriﬂl.el ectric carrier body having upper and | ower
paral |l el nmajor planar surfaces, said bonding |ocations are positioned on

sai d upper major planar surface, said carrier leads are affixed to said

| ower | or pl anar ,sur.face, .an thaC negct,i DGR i d:.. ¢garder
| eads sa t?i?fa{%c |r88%'f'r“'o%'s%!"‘§'%e? ?eghéag&gyg%ﬂgngﬁg‘?ﬁﬁel y p%ﬁitpeff "
aper t ur@smtadwinhisio resteh dedmidiearnCspackageper and | ower maj or pl anar

surfaces. 22. The electronic nodule of claim 16, wherein each of said first
and second set | C packages are of a ball-grid-array type and separate pads

of .. sai t | : - a i ' | Adiridoar d
218 e By e 1o PR nic o BEFOCRAR (8 URFERNART chitee s e e d
nest ed cHfiontodethdvihpappeyand2bwertparalielcmaint planad gugages, csaid bardingwi ch

further comprises at..least one, decoupling,capacitor . ' t

| east - JREAES, A RGBIONGT oroBag ATPPRd eI T o I PRLIEL e oré

wher ei Nyacd 16 alaid ﬁﬁfﬁjthr“?lhhﬂ?%uﬁacé,aﬂh@%Teﬁﬁéﬁﬁﬁr@mcﬂbh Hetweenasaid | el
to and contiguous wth said lower major planar surface. 25. The electronic
nodul e cHrriet adsand saidhsinginghlogations is elgeted by eangluclively pletes apertures

15 which extend between said upper and lower major planar surfaces.

22. The elecironic module of claim 16, wherein each of said first and second set

IC packages are of a ball-grid-array type and separate pads of said at least one

surface-mount pad aray on the printed circuit board are employed for mounting of
20 said at least one IC package unit and said nested second-set IC package.

23. The electronic module of claim 21, which further comprises at least one
decoupling capacitor mounted on said at least one IC package unit.

25 24. The electronic module of claim 16, wherein each carier lead includes a
laminar extension which is parallel to and contiguous with said lower major planar

surface.

25.  The etectronic module of claim 24, wherein only these carrier leads which are
30 designed to be at either ground potential or at supply voitage pofential during

operation of said first set IC package have laminar extensions which function as heat

ainks.



30 designed to be at either ground potential or at supply voltage potential
during operation of said first set | C package have | am nar extensions which
function as heat sinks. 14 APRIL 2005 26. The carrier of claim21, wherein
said dielectric body is fornmed fromfiberglass- reinforced plastic
material . 27. The package carrier of claim2l1, which furthey coRBr+GRs at

| east one pair of 5 capacitor nnuntlp@_pads on sai d upper nmajor planar
surface, each pair sized and spaced to receive a decoupling capacitor. 28.
The el egtronic circuit nmodul.e of clai 6, Wwherein, a_ single syrface-nmount
pad alPay eLHSTIEY RORBH 2o MAAgD O AElR A PO oTBIRD o SReraIgasuni
and sairgipffteé @ piaste nsenar- set | C package 29 . The electronic circuit
nodul e of claim 28, wherein at | east one pad of said surface-nount pad

array is split so that correspondi ng connection elenments of said first-set

packag an e -se K y . Lve unigue.signals. 15 3D. The

el ect I’gif C %‘?ﬁ%&%@éﬂdﬁﬁfﬁfgﬁfmﬁeiﬁ‘%ﬁ&'ﬁ&%ﬂ‘@ﬁ?fﬁ%ﬁg?ﬁ&aﬁt D’ﬂﬁd’agr‘? ay 1is
erspl oy edpécitorbandhtigy patie erisdidlippeaiaj@nplahbr BaFKOS Cetth barélzad ppat ed
second- set |C agkage, and wherein unique signals are fed to correspondi ng
connec?PBFﬁdQ@P@fﬂ% gecauplings¢apasiior.c package and a second-set |C package
nested within said at 20 | east one | C package unit to which said first-set

| C package is bonded by routing at |east one of the signals to an unused
connecBon dherdettrgris icirceih moduld ef siaimnid, seereinG sirglagafaanehdudng pad

| acat 1 B dF SR th oBiReteibsael ahleas! one |6 parkadt baBBnicaphersad. |35

30 second-set IC package.

28 The electrenic circuit module of claim 28, wherein at least one pad of said
surface-mount pad amray is split so that corresponding connection elements of said
first-set packages and second-set packages may receive unique signals.
15
30.  The electronic module of claim 2%, wherein a single surface-mount pad array
is employed for bonding both said at least one IC package unit and a nested second-
set IC package, and wherain unique signals are fed to corresponding connection
elements of a first-set IC package and a second-set IC package nested within said at
20 least one 1C package unit to which said first-set IC package is bonded by routing at
least one of the signals to an unused connection element position on the second-set
IC package, and then rerouting the signal within the carrier body to the appropriate
bonding location for a desired connection element on the first-set IC package.

25

30



