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unsatiable demand resulis, with computer manufacturers tending to install an

i5 amount of main memory in each system that greatly exceeds the amount required
for average program use. On the other hand, when it is costly, manufacturers
typicaliy install an amount in each system that only marginally fulfills the requirernent
of the average program. Alhough the sales prices of computers may, thus, be
maintained at low levels, the end user may soon find that he must upgrade his
20 computers main memory.

The ever increasing demand for large random access computer memories, and
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 lead
to not only a quadrupling of circuit density approximately every three years, but to

25 increasingly efficient techniques for packaging and mounting the circuit chips. Up
until the iate 1980's, semiconductor memory chips were usually packaged as dual in-
line pin packages (DIPPs). The pins of these DIPP packages were generally
soldered directly within through-holes in a circuit board (e.g., the motherboard), or
they were inserted in sockets which were, in tum, soldered within through-holes in

30 the circuit board. With the advent of surface mount technelagy, conventional plated
through-holes on printed circuit boards have been replace with condyctive mounting
pads. Small Cutline J-lead {SOJ} packages have led to Thin Small Outline
Packages (TSOPs). Because the pitch or spacing between centers of adjacent
surface mount ping is significantly less than the conventional 0.10-inch spacing for




they were inserted in sockets which were, in turn, soldered within
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VHI CH 18RE|dsicEETdRe ChitkedY INVEBRBNNECTHHREN TSQHIER STACKING. A plurality of
15 integrated circuits are packaged within chip carriers and stacked, cne an top of the

ey

cther, on a printed circuit board. Except for the chip select terminal, all other like
terminals on the chips are connected in parailel.

Another example of chip stacking is given in U.S. Pat. No. 5,128,831 to Fox, et al.
titled HIGH-DENSITY ELECTRONIC PACKAGE COMPRISING STACKED SuB-

20 MODULES WHICH ARE ELECTRICALLY INTERCONNECTED BY SOLDER-
FILLED VIAS. The package is assembled from individually testable sub-modules,
each of which has a single chip bonded thereto. The sub-modules are interleaved
with frame-iike spacers. Both the sub-modules ang the spacers have alignable vias
which provide interconnection between the various sub-modules.

25 L.S. Pat. No. 5,313,086, also issued to Floyd Eide and titled IC CHIP PACKAGE
HAVING CHIP ATTACHED TO AND WIRE BONDED WITHIN AN OVERLYING
SUBSTRATE, is another example. Such a package includes a chip having an upper
active surface bonded to the lower surface of a lower substrate layer having
conductive traces on its upper surface which terminate in ¢onductive pads on its

30 periphery. Connection between terminals on the active surface and the traces is
made with wire bonds through apertures within the lower substrate layer. An upper
substrate layer, which is bonded to the lower subsirate layer, has apertures which
coincide with those of the lower substrate layer and provide space in which the wire



FILLED VI AS. The package is assenbled fromindividually testable

sub- nodul es, each of which has a single chip bonded thereto. The
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15 through the use of complicated packaging and stacking arrangements, which must

necessarily be reflected in a higher costs per bit of storage.

SUMMARY OF THE INVENTION

The present invention provides for an improved multi-chip module having
20 increased chip density. Ali embodiments of the improved module include a circuit
board having an array of electrical interconnection pads to which are mounted a
plurality of IC package units. Each IC package unit inctudes multiple IC packages,
which are mounted on both opposing sides of a package carrier. The package units

may he mounted on one or hoth sides of the circuit board.
25 A first embodiment of the invention employs a laminar package carrier having
a pair of major planar surfaces. Each planar surface incorporates eiectrical contact

pads. At least one IC package is surface mounted on each major planar surface, by
interconnecting the connection elements of the package with the contact pads on the
planar surface, to form the IC package unit. Each unit is mounted within its own
30 recess in the circuit board, with one IC package being right-side up, and the other
being upside-down. The upside-down IC package may be in contact with a heat sink
layer embedded within the circuit board. If corresponding contact pads on both sides
of the package camier are interconnected within the carrier body, contact may be




As can be seen by the foregoing exanples, increased chip density is
achi eved 15 through the use of conplicated packagi ng and stacking
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substrate. Each resutting IC package untt is surface mounted to the circuit board. If
the leads of both packages are interconnected on the carrier, then connection to the
circuit board may be made by attaching the leads of only one package directly to the
circuit board. However, like the first embodiment, the package carrier may be
20 equipped with its own leads which are connected to the various leads of the mounted
IC packages. In such a case, the package carrier leads are directly connected to the
intercannection hads on the circuit board.
Third and fourth embodiments of the invention utilize a third embodiment 1C
package unit having carriers which incorporate features of both the first and second
25 embodiments. One of the packages is mounted on a planar surface of the carrier
right-side up, while the other package is mounted on the carier in a recess upside
down. Two different embodiments of modules result because the carrier may be
mounted on fwo types of circuit boards. Either the IC package that is mounted on
the planar surface of the carrier, or the IC package that is mounted within the recess,
30 may be mounted adjacent to the circuit board. In the former case, the adiacent
package of the package unit fits within a recess on the circuit board. In the latter
case, the adjacent package of the package unit mounts on a planar surface of the

circuit board. As in the other embodiments, the carrier may be equipped with its own
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For any of the seven module embodiments, etectrical connection between
electrical traces on the camier and electrical traces on the circuit board may be
accomplished using one of several commonly used interconnection lechniques, such

20 as solder reflow, soider dot bridges, or ball grid joints. in the case where the carner
itself is equipped with leads, leads of the “J” or gull-wing type may be used, with the
latter type being the preferred. '

The invention may be utikized to increase memory densty on memory
modules. For other types of IC packages, it may be employed to more efficiently

25 utilize available real estate on a printed circuit board.

DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded isometric view of a first embodiment of an G

package unit, which has a laminar substrate carmer with two major planar surfaces,
30 each major planar surface having an amray of mounting pads to which a single iC
package may be mounted;
Figure 2 is an isometric view of the assembled package unit of Figure 1;

Figure 3 is an isometric view of an exploded first embodiment electronic




set of interconnection | eads which interface with the interconnection pads
on the circuit board. Likewise, if the |eads of one package are

i nterconnected with those of the other package on the car ction
to the circuit board nay be nade with_ the |eads of the adﬁa‘géﬁt"-gﬁﬁsage. 5
A fifth enbodi ment modul e utilizes a-fourth embodi nent IC package unit. The
primary difference between the fourth enbodinent carrier and third

enmbodi meadule mebdgerratisg rhutigle dirstiemmbediment K packagelsnds the forner, the
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of the car r Frjure 1 i kinseppibtied Ubametriee kiege ofird seotnd iemeisodienent ef dredds to
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usi ng One of Ssever I’'nt erconnection techni ques, such 20 as
sol der ref| fwursqlidem ielotnehmi vigesnf the alsaétnbgad pagksiget unit -:DfrFighl-‘ﬁ @ase where
the carrier_ its

i S ed with | ead ads of the
tWpe may beF l@’éﬁeé i #R '? Y'F‘é“r 3{19 PR EF‘&PP!éE'?‘;ﬂ%%U@Am i on
may berﬁang. Statifg e%ﬁ@ﬁdeﬂ%&i.m}én@m g?éuﬁil?ﬁu' es. For other
types 0 pac ages It y be enployed to nDre efticiently 25 utilize
avai | abl e r Eigure$ iatan isomets Hwegp assiembled secomESTIHMEN efEctrppic
DRAW NE’!%E@'?B{]F 1%\% an expl oded isonetric view of a first enbodi nent of an
IC pa fch has a | am nar substrate carrier with two maj or

pl anar surf ggfife 10 is a cross-sectional view of the second embodiment assembied
15 electronic module of Figure 9;
| Figure 11 is an exploded isometric view, from above, of a third embodiment
of an IC package unit, which has an {C chip camier with one major planar surface for
mounting one IC chip and a recess on the opposite side thereof for stacked
mounting of the IC package pair;
20 Figure 12 is an isometric view, from above, of the assembled package unit of
Figure 11;
Figure 13 is an exploded isometric view, from below, of the third embodiment
of the 1C package unit shown in Figure 11;
Figure 14 is an isometric view, from below, of the assembied package unit of
25 Figure 12;
Figure 15 is an isometric view of an expioded third embodiment electronic
module incorporating muttiple third embediment IC package in combination with a
circuit board having a pair of opposing major planar surfaces;
Figure 16 is an isometric view of the assembled third embodiment electronic
30 module of Figure 15;
Figure 17 is an isometric view of an exploded fourth embodiment electronic
module incorperating muitiple third embodiment 1C package units in combination

with a circuit board having a pair of opposing faces, each of which is equipped with




30 each major planar surface having an array of nounting pads to which a
single I1C package nmay be nounted; Figure 2 is an isonetric view of the

assenbl ed package unit of Figure 1; Figure 3 is an isonetyj i e an
expl oded first enbodi ment el ectronic 14 APRIL 2005 -6 nndd%%ﬁPﬁébﬁpﬁéating

mul tiple first embodi ment | C package - finits; Figure 4 is an isonetric view
of the assenbled first enbodi nent electronic nodule of Figure 3; Figure 5
IS a crmstipls ehip-ewelving mveabeshe assenbl ed first enmbodinent 5 electronic

nodul e of Figure 4; Figure 6.is. an exploded .is tric view of second
enbodi ment  BAER 1RGS 2peRmEEiHew ol eFRsembes, fpusty smboBiipPAediomic, pa ¢
of recﬁ@:ﬁﬁﬁ’e . to-back surface nounting of the |IC package pair;
Fi gure I'S gﬁhlggﬁé:ngg’ri c view of the assenbl ed package unit of Figure 6; 10

Fi gure 8 i sFigurestieisr accwisewestional vigw ofethes assam dhirdreembedigegtoni ¢
dul e inco rating.multinle,secaond.enbodi nent | C package units; Figure 9

i s an ?§W6@@W'SW%Q§E%‘F§&’second embodi ment el ectronic nodul e

of Figure 8Fidirdu@® id Oa i frods-SEetdn 0A&WOBRthe ifeurtaf embedmmerangdssomiied ment

assenbled 15 electronic nodule of f=igure 9; Figure 11 is an expl oded
i sonet elestrenissnodulenfdion s 18f a third enmbodi ment of an |1 C package unit,

whi ch has ag. | i ' . [,0 ?ﬁ@; rf ffirf Ugmi ng
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of the|d GakelaomifainichZfckidesr® [ddinias 1€ chipo oatrier chasingyitst oom sdisvef, of

the assenbl ed package unit of Figure 11; Figure 13 is an expl oded
ilYormet B3Svi ew, from bel ow, of the third enbodi nent

Figure 22 is an isometric view, from above, of the assembled package unit of
Figure 21;
Figure 23 is an exploded isometric view, from below, of the exploded IC
package unit of Figure 21;
15 Figure 24 is an isometyic view, from below, of the assembled package unit of
Figure 22;
Figure 25 is an exploded isometric view of a fifth embodiment electronic
module incorporating multiple fourth embodiment IC package units;
Figure 26 is an isometric view of the assembled fifth embodiment electronic
20 module of Figure 25;
Figure 27 is an exploded view of a fifth embodiment IC package unit, which is
a variant of the first embodiment IC package unit, in which the laminar carmier is
repléced with a flexible thin film carrier,
Figure 28 is a cross-sectional view of an assembled fifth embodiment 1C
25 package unit;
Figure 29 is an exptoded isometric view of a sixth embodiment IC package
unit incorporating four bali-grid-array IC packages;
| Figure 30 is an isometric view of the assembled sixih ermbodiment 1C package
untt of Figure 29;
30 Figure 31 is an isometric view of the assembled sixth embodiment IC package
" unit of Figure 29 mounted on a portion of a printed circuit board;
Figure 32 is an isometric view of a seventh embodiment module having 8 IC

package units,




of the 1C package unit shown in Figure 11; Figure 14 is an isonetric view,
from bel ow, of the assenbl ed package unit of 25 Figure 12; Figure 15 is an
i sometric view of an expl oded third enbodi nent el ectronic e
incorporating nultiple third enbodi nent |1 C package in conﬂl“:géjRBnE%)q h a
circuit board having a pair of opposithg major planar surfaces; Figure 16 is
an isonetric view of the assenbled third enbodi nent el ectronic 30 nodule
of Figure lBigufe A ds 1ah iisometrics viemt rf ca wariand f ofathee spitb deabodiorent 1C
enbodi nent el ectronic du I ncorporatin ltiple third enbodiment 1C
packadéawgﬁ§ﬂ'W%mpHggY%{fﬂﬂFwe§ t&'?mﬁta?ﬁoard having a pair of

opposi ng f oFigre 84G8 af istietit FigwesilineRatamBlad 18 piidkbbe 2PR%f Figudet 3B e

chi p-receivifig recesses; Figure 18 is an isonmetric view of the assenbl ed

f our t hmewhteti o atpartien of apiribtedeitelibeaArdri gure 17; Figure 19 is a
cross-sectional view of the assenbled third enbodi nent 5 assenbl ed
ePectronic nodul e of Fi gure 16; Figure 20 is a cross-sectional view of the

fourth enbodi nent agENAILED DESSRIPTMON OBEHE INVENTION 18; Figure 21 is
an expl oded isonetric view, from above, of a fourth n‘?]?di nment IC.ﬁgckage
unit, whi chThaddreaest NVERHDRaprovdeshas am rirpspved yg-GliR mggdie havi

| eads-.. Figure LS i%q.g@},,g o4 i n@&‘fﬁ{ in Ase! I SRbedIMé s
packag'gcl%ﬁ%[%doqﬁgg?g%@;mé ; |ghﬁ£e"¥ I%%“'%ﬁrﬁexp oﬁe"aqll sEorret?lﬁc view, from
bel ow, abfthé hiengrepbd dexdduid ipclolaga cinduit dioaFd ghavéng 1an 157#y qufr elexdrical an
|Iaorret irnlte?rnghﬁgvétin;r ;?argsbt?::! &Wichoéretr?]%uﬁf? g%'luergti@au%ﬁgga&rggte l%ts. Each IC

package unit includes a package carrier having multiple IC packages, which are

mounted on opposite sides of the package camier. The package units may be
mounted on one or both sides of the circuit board. The cornection elements {leads
or pads) of each of the packages are coupled to a carrier interface, which may or
15 may not include discrete carrier keads. The cartier interface includes conductive
links 111 between the mounting pads 103 on opposite sikdes of the package carrier
within the package carrier as indicated with twe examples in Fig. 1. Naturafly, each
set of opposing pads would be connected within carrier 101 in some similar fashion.
A first embodiment of the invention, shown in Fi'gures 1 through 5, utilizes a

20 laminar package carrier 101 having a pair of major planar surfaces 102A and 102B.
Each major planar surface incorporates at least one set of carrier contact pads 103,
each set being configured 1o receive, by surface mounting, the connection elements,
or leads, 104 of an integrated circuit (IC) package 105 of the TSOP (Thin Small
Outline Package) type. In this particuiar example, the leads 104 of an IC package

25 105 are attached to each contact pad set 103. The resulting assembly, showr: in
Figure 2, constitutes a first embodiment 1C package unit 201.

Referring now to Figure 3, mutltiple first embodiment package units 201 (in this

example, four} are shown ready for mounting on a circuit board 301. In this

example, two package units 201A and 201B will be mounted on the upper surface
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. Al'l enbodi nents
board 301 to the appropriate interconnection sites. The leads 104 of the exposed IC

package 105E are coupled to the leads 104 of the connections which penetrate the
laminar camier 101. By using a multi-conductive-layer carrier, rerouting of the lead
positions may be accomplished. For example hidden package 105H by means of, if
both packages are identical memory chips requiring individuat chip select signals, a
chip select signat may be routed to an unused lead of the hidden IC package 105H,
then routed within the carrier 101 to the proper location on the exposed IC package
105E. As ali other signals may be shared in common, interconnections between
leads of the hidden IC package 105H and identically corresponding Yeads of the
exposed |G package 105E may be made by plated through-holes in the carrier 101.
The circuit board 301 may incomorate one or more heat-sink layers 305 with which
the bodies of hidden {C packages 105H are in surface-to-surface contact, either
direcily or indirectly via a thin layer of themmaily-conductive paste, such as zinc oxide
paste (not shown).

Referring now to Figure 4, surface mounting of the package units 201 on the
circuit board 309 has resulied in a completed first embodiment moduie 401. A cross
sectional view through the plane ABCD 402 provides the view of Figure 5. As is well

known in the art and schematically shown in Fig. 5 an integrated circuit chip 107 is

ip



of the inproved nodule include a circuit board having an array of
el ectrical 10 interconnection pads to which are nounted a plurality of IC

package units. Each I C package unit includes a package carrj haui.ag
nmul bpl e 1 C packages, which are nounted on opposite sides &Aﬁﬁg'gégiage

carrier. The package un-93 nmay be mi¥t ed on one or both sides of the
circuit board. The connection elenents (leads or pads) of each of the
packagfmicullg imbeptied it a cariarbadyr 106t er f ace, which may or 15 may not

i nclude discrete carrier leads. The carrier interface includes conductive

links Il batweeshd kenisdiiriend biptds ir@dition, ahpesi ire Rgures 6f throwgtpaldkage
carrier with i n the package carder as ind icated wwth two exanp les in F

9. 1 uhilelidlchdiel 01 3fibh h38la @A PRRESSEIE0R NS MA@ BetiCAunte eflaw t h

in carrter 1 nsome sI mi sh ion. A first enbodi nent of the

I nvent i on, 1A FEi hr h t.l #cﬁﬁiﬁ' ad e
carri epaq&ﬁﬁ%d&apggﬁgﬁﬁ ]lﬁéj o(rw%l gﬁgt?é‘séu%r aceérftl %%fk ?r%gﬁo%@%ach
maj or pl anar surface incorpo rates gt | t. one. sef of r.aer pads
155" BhdhseailhShcpBieabooudeChed s 05 e he ket A st ORI
connection elenents, or |eads, 104 of an int egrg ed %i rcuit (1C) package
105 of patkagesar empinsalnapnnedad) iThe hudies §04 two agfs J094P8Y O% 1
exanpl e, the |leads 104 of an |IC package 25 105 are attached to each contact

pad setoifdt witheoppssite sidgsasfsartdat, siskdayeri 605 embeddade withire Hies CpIrififes a f
~irst enbod inment |1 C package u nit 20 1. Referring nowto Figure 3, nultiple

first guROMEEN RBRGAEREIDBSE: AL Showi)iinsay Bsaemipioyedotw ermancs humat.  cady
for nmounting on a circuit board 301. In this exanple, two package units

of 1 he E Rt e en A Py e R R B A o 2010 11 be
B o Sambl® shHRie I EEE cAfpholsics SEend BB RSB EEaRE Sy 70D
S conpl et cRpfeTpEdEN 1§ figte Sumulirsesona sibefimeat pabea ud 26K pod
wth a set of board electrical . . .
this example, four) are shown ready for mounting on a circuit board 801. In this
example, two package units 701A and 701B will be mounted on the upper surface
802U of the circuit board 801, while two package units 701C and 701D will be
15 mounted on the lower surface 802% thereof. Each package mounting location on the
circuit board 801 has a set of board contact pads 803 to which the leads 104 of a
hidden adjacent IC package 105H of each package unit 701 will be conductively
bonded. The leads 104 of the exposed nonadjacent IC package 105E of each
package unit 701 are coupled to the leads 104 of the hidden package 105H by
20 means of connections which penetrate the 601. As is the case with the first
embodiment of the invention, by using a muki-conductive-layer carrier, rerouting of
the lead positions may be accomplished. For exampie, if both packages are

identical memory chips requiring individuat chip select signals, a chip select signal

may be routed to an unused iead of the hidden IC package 105H, then routed within

25 the carrier 501 to the proper location on the exposed IC package 105E. As all other




connection contact pads 304. The | eads of each hidden package 105H wi ||
make direct contact with the contact pads of its recess and will be routed

within the circuit board 301 to the appropriate interconnecti i.tes. The
| eads 104 of the exposed |IC package 105E are coupled to t\ﬁ’e}\‘:'g{énldébég4 of

t he connections which penetrate the-10 +aninar carrier 101. By using a
mul ti-conductive-layer carrier, rerouting of the lead positions may be
acconpsigahdmafde shareylie chimiden, intrkayrediobsl bepweeaisadst of thie hiddem IC
packages are identical nmenory chips requiring individual chip select

si gnal e MO5H HhidesEnsORtorBRpoRdingoehag of theBxposselC paskagd 1058
hi ddenﬁ?ccwapgackage 105H,n thgn rout ed {/rm{g?hi n the carrier 10? to sﬁ]e pr oper

| ocat i %%OH@%W@?E%C@%@?KS% iﬁﬁhelgéﬁier'ﬁ?ﬂ‘?‘l | other signals may be

shared' i I ons between | eads of the hidden |IC package
105H and identically corres Iho | ea f th e | C O5E
may be mde%rﬂpﬂt@ f%mﬁﬁﬁcﬁ”g@"gﬁgﬁ‘ﬁ "Iga?ﬁhgrﬁ?@%%g € mf@ﬁﬁp éboard
301 may. i ncorporate one or nore heat-sink layers 305.with whjch he, bodi es
o6 i clestll boBaLBAGAGS TSR & enCaTPRED SEEDad rIRRITIEHI AXUTE S0 A0
directly or indirectly via a thin |layer of thernal Ié-conduct I ve. paste, such
as zi ncrossi shetiopak view( abthes mewhije 9947 threugiytheopiane FRGt 802 providesdbe
nounting of the package units 201 on the <circuit board 301 has resulted in

a conplyieieds Fipuss 1@nbodi nent nodul e 401. A cross sectional view through
t he pl ane ABCD 402 provides the view of Figure 5. As is well 25 known in

the art andﬂsﬁlhﬁ@ﬁb&ﬁHéﬁﬁO%hgeﬁrﬁl; sho@h ih FigEreated1 4iig aséd ferbath107 is
14 APRIL 2005 -10 typically inbedded in a carrier body 106. A second
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surface of the carrier right-side up, while the other package is mounted within a
recess on the opposite side of the carrier upside down. Using such a mounting
configuration, both IC packages of each package unit are positioned as though
15 stacked one on top of the other. For identical packages, interconnection of common
signal lines is facilitated. Referring now to Figures 14-14, the third embodiment
package unit utilizes a camrier 1101 which has a ptanar first major surface 1102 and a
second major surface 1403 with a package mounting recess 1104. Both the pianar
surface 1102 and the recess-equipped second surface 1103 have an electrical
20 contact pad set 1105A and 1105B, respectively, to which the leads 104 of each IC
package 105 are {0 be electrically connected. The bedy of the recessed IC package
105R may be in contact with a heat sink jayer 1106 embedded within the carrier
substrate 1107. A conductive paste {not shown) may be employed to enhance heat

transfer between the package body and the heat sink layer 1106. The resulting

23 assembly, shown in Figures 12 and 14, constitutes the third embodiment IC package



contact with opposite sides of a heat sink |ayer 605 enbedded within the
carrier substrate. A conductive paste (not shown) may be enployed to
enhance heat transfer between the package body 106 and thﬁ géﬁ@_ébag | ayer
605. The resulting 10 assenbly, shown in Figure 7, constit * nd
enbodi ment | C package unit 701. Reféﬂﬁrm)nOM/to Figure 8 multiple second
enbodi nent package units 701 (in this exanple, four) are shown ready for
nmount i Qgitd@04. circuit board 801. In this exanple, two package units 701A
and 701B wil|l be nmounted on the upper surface 802U of the circuit board

801, whil e ReRerfinglasetd Figuse 181 FAudtisle thitdembddirenilpackaget enitsot2@hénl over
surface 802L thereof. Each package nounting |l ocation on the <circuit board

5o ARl B ity s S

adj acen each’” package W be conductively

bonded. The | eads 104 of ' | k E¢ofi.each
packagah ePAOH RIS, el R B8R0 Chjts el BECRREIE IFBEC, 1
Brot SEHBBR NERPASKgR LA JSATRGHY 90 1 LBE ek Ripd Bt Beirvd. e
carrier, rerouting of the | ead positions may be accogpl I shed. ForIEExarrpl e,

i f bot Abpadkefgacirani boagd 50 amhilerwa paskage vedsi 120G andila0dtamilBep

sel ect signals, a chip select signal may be routed to an unused |ead of
t he hi duirmtédCopabkagwet @hHace Mad2Loieezbini Eathn patkagee mamtingrlogation ont he
proper |ocation on the exposed |IC package 105E. As all other 14 APRIL 2005

-11- siaksuiByalici SR RAS d SelcefBBHid dontat paBserliIRswhrhveelebdndg4of the
hi dden | C package 105H and identically corresponding | eads of the exposed
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Ref erring” now ure nount 1 ng of the package units 701 on the

31, " ASobpaRebboTurE; THERAT o rindarBoghe MeRRaRSHnF K RRRER ABRR o0,
provi dgfs e:tar?t? pa&aegvé Sgit I1:|2%J r::-:?e tlz:gupled to the leads 104 of the hidden package 105H
by means of connections which penetrate the camer 1101, As is the case with the
first and second embodiments of the invention, by using a multi-conductive-iayer
carrier, rerowting of the lead positions may be accomplished. For example, if both
15 packages are identical memory chips requiring individual chip select signals, a chip
select sighal may be routed to an unused lead of the hidden IC package 105H, then
routed within the camier 1101 to the praper location on the exposed IC package
105E. As all other signais may be shared in common, intercannections between
leads of the hidden IC package 105H and identicaBy corresponding leads of the
20 exposed IC package 105E may be made by plated through-holes in the carrier 1101.
Referring now to Figure 16, surface mounting of the package units 1201 on
the circuit board 1501 has resulted in a completed third embodiment module 1601.

A cross sectional view of the module 1601 through the plane 1JKL 1602 provides the

view of Figure 19.

25 Referring now to Figure 17, multiple third embodiment package units 1201 {in




A third enbodi nent | C package unit, shown in Figures 11-14 is used for both
third and fourth enbodi nent nodul es. The third enbodi nent package unit to
i ncorporates features of both the first and second enbodi C units
201 and 701, respectively. One of the pair of IC packagesrqefg‘épﬁil‘h@ﬁﬁt ed on
a planar surface of the carrier ri gh"t side up, while the other package is
mounted wthin a recess on the opposite side of the carrier upside down.

Usi ng this bxampte) iddam gre sbowngeady farnmobrting ocapsisuitbeansi 1£kkhaying b¥ge uni t
are positioned as though 15 stacked one on top of the other. For identical

packagpfpjor SbEELIAG BOFkCes evlippetaith mickage uninsmunting aetésdent ¢A02.Rdher ri ng
now to Figures 14-14, the third enbodi nent package unit utilizes a carrier
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mounting recess 1104. Both the planar surface
1102 and.t he SS- i r ' 0
cont acEURtE 46026 19 S AR Praks 7Pl bR gRkAge R PopICIAd 19610
each 1 C_ package 105 are to be electr] |y conpected. The d the
¢ Goos sl Pe. e on e Inwst sarge o theiBph° A, S8t yllnthdGe
enbedded within the carrier substrate 1107. A conductjve paste ( %b shown)
may belosatibo pedhecisuibosed 186 hasraget ef board fatagtRadsat t@*ﬂB@B\ fd the
heat sink |layer 1106. The resulting 25 assenbly, shown in Figures 12 and

14, cofsidst 104esf 4 higidehi adiaceri dGipaskage C0photéapehiphokage uUniot20 1A 3 20HPt
1201. Referring now to Figure 15, nmnultiple third enbodi nent package units

1201 ( :Bngidtivehesendud Theueddsine4 JTane expased nenadiacent IG) pankage0BEi t
board 1501 having two nmmj or opposing planar surfaces on which package units

my be, eﬂ?%ﬂd&et Qhe 1@1@@5@&@,%@ AREHAGEMEids1 204 Aforhd AR Wi | |

be nount ed "on e upper surtace 1502U of ‘a circult board 1501, while two

2 9polh A8 et Ui P e LIF D). 4 1502

set of cggea ru?itt‘f?ﬂéaﬁrgt %ﬁgsséczu?\?ﬂ te?rﬂqb\l\-ﬁinqlgn%shgf ltﬁg qﬁu&r&ﬁ'}ﬂ, by using a multi-
conductive-layer carrier, rerouting of the lead positions may be accompiished. For
example, if both packages are identical memory chips requinng individual chip select
signals, a chip select signal may be routed to an unused ead of the hidden IC

15 package t05H, then routed within the carrier 1101 to the proper tocation on the
exposed IC package 105E.  As all other signals may be shared in common,
interconnections between leads of the hidden IC package 105H and identically
corresponding leads of the exposed IC package 105E may be made by plated
through-hcles in the carrier 1101.

20 Referring now to Figure 18, surface mounting of the package units 1201 on
the circuit board 1704 has resuited in a completed fourth embodiment module 1801.
A cross sectional view of the module 1801 through the plane MNOP 1802 provides

the view of Figure 20.

A fourth embodiment IC package unit, shown in Figures 21-24 is used for a

25 fifth embodiment module. Referring now to Figure 2%, the primary difference




of a hidden adjacent |IC package 105H of each package unit 1201 will be 10
conductively bonded. The | eads 104 of the exposed nonadjacent |C package
105E of each package unit 1201 are coupled to the | eads %%APF tE@ %i dden
package 105H by neans of connections which penetrate the car éll’ q 1. As
is the case with the first and second enbodi nents of the invention, by
using a multi-conductive-layer carrier, rerouting of- the | ead positions
may bebemeenpthesbedh eftodimanpcarrier 21 Bd)tamdllbaba‘btt@déhdafémdng@ﬁm%mr y
chips requiring individual chip select signals, a chip select signal may

be rout¢gh tie the sdditien dicegriet ebds IH1dde rwhith parek aged 105attachdhe foudbed
within the carrier 1101 to the proper |ocation on the exposed | C package

105E. é%q@ggggﬁﬂggé%@ﬁleﬂéﬁ 1% chCuif Baarf TheCRIBembBHRRERNGREET 261

bet ween den |1 C package 105H and identically correspondi ng
| eads t.he . e ; K - hol es
|t heasarP A SEalor AkRACa 102 bl sBEoRR By sBACSE100MINAR 1.
package units 1201 on_ _the circui oard 150 re ed | eted
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t hrough the plane 1 JKL 1602 provides the view of Figu 25 ring
now t oefitgeed sexondsuifage ZIpRihavecamslecHion cpaiachgad 36t ﬁ%&% @Pd(fﬁj APRI L
2005 -13- this exanple, four) are shown ready for nmounting on a circuit
boar d fsspEctiveliyntp wihich the eadsppes oh gash rifCapackagguil Bpade dpthe gleskiapdlyuni t

mounting recesses 1702. in this exanple, two package units 1201A and 1201B

Wil bapAmstieed Thie bidy 0Pl the vadeased 17qRAdkafieat 05R mayt b racantsZOWthwhi | e
two package units 12010 and 1201D 5 will be nmounted on the | ower surface

1702L i E@,ﬁal? HARIE thb QeRfiOSubstr4th 2 W7 CW EoMfwdtile 1701
has a égfé%g'%%ar c%ﬂsggﬁﬁ%ggg 1703 to which the |eads 104 of a hidden
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24 constitutes the fourth embodiment IC package unit 2201. Each of the 1C
packages 105 of a package unit is mounted in a stacked relationship, which means
that comesponding leads on two identical IC packages lie directly above and below
15 one another. Such a configuration facilitates interconnection of the commeon pins on
both chips, as plated through-hole connectors can be used without rerouting traces
within the carrier substrate 2107,
Referring now to Figure 25, multiple fourth embodiment package units 2201
{in this example, four} are shown ready for mounting on a circuit board 250 having
20 two major opposing planar surfaces on which package units may be mounted. In
this example, two package units 2201A and 22018 will be mounted on the upper
surface 2502L} of a circuit board 2501, while two package units 2201C and 2201D
will be mounted on the lower surface 2502L thereof. FEach package mounting

location on the circuit board 2501 has a set of board contact pads 2503 to which the

25 cartier leads 2108 of each package unit 2201 will be conductively bonded.




10 package 105H by nmeans of connections which penetrate the carrier 1101.
As is the case wth the first and second enbodi nents of the invention, by
using a multi- conductive-layer carrier, rerouting of the le o] ons
may be acconplished. For exanple, if both packages are |c?ér&ggg+§¢'ré
chips requiring individual chip seled®-signals, a chip select signal may
be routed to an unused | ead of the hidden I C 15 package 105H, then routed
within the Referiing ntio Figura 26 raptace] mounting obthe package swda A261paekage
105E. As all other signals nmay be shared in comon, interconnections

bet weegne @R Kifard REONIHRIBsIERP RCK sompléBH fithdmieditient module 260¢s pondi ng
| eads of the exposed | C package 105E may be nmade by pl-ated through-holes

in the Ca”ggf f%glnw@@o FPShGresi 278 aRaVD8 Oa irBUERbAGImEMT KRpacKERINUNRs Of the

package uni on the circuit board 1701 has resulted in a conpl et ed

fourth_enhodi npdul CL al &y 1801
throug"ﬁ0 r%ﬁ’%ﬁr’r&' ﬂ?@(]),@ pr vll{ge S&Es(ﬁagg\c/éig\?vpof egﬁpghzw?%m&ﬁﬁ

enbodi ment | C package unjt, wn_i.n Figures 4. u o fifth
oAbod reirendhe res Uty SN srgbaatred haqsde it 286E s Eniticaly Heyedide 14

APRI L 2005 -14- between the fourth enbodi ment carder 2101 and that of the
third thedet embodiragntarackage vrits?ttihe addi tion of carrier |eads 2108, which
are used to attach the fourth enbodi ment package unit to a circuit board.

The fourth Refmdngertw traFiguse 28] @lsevsnin emiodimghbelectronicsmodaleotiizasf ace
2102 and a second nmajor surface 2103 with a 5 package nounting recess 2104.

Bot h t hejh avodittehtearidt 0B0aksidifed ff 8% momting e dnsitiplerishisgrid amey 2103
have an el ectrical contact pad set 2105A and 2105B, respectively, to which

ey ST 20 SPRHRBRAE yriho pobe, Vel e o tonealer, T

S P RSB B8 A 0, 2 i ve 10

paCkagtencarpnrates butt-l-joint leads 2803, which are solder reflowable for mounting o pads
on a printed circuit board. Each of the ball-grid array IC packages 2902 has a
plurality of connection elements, which in this case are pads, 2804 on each of which
a metal (e.g., gold) ball 2905 has been bonded or soider refiow attached. Referring

15 now to Figure 30, each of the ball-grid array IC packages 2902 has been mounted
on the camier 2901 and each of the balls 2905 is physicaily and electrically bonded
to a corresponding pad 2906 on the carrier 2801. Bonding can be via solder reflow,
via vibrational energy input, or any other known technique. The mounting process
has created a multiple-package ball-grid aray package unit 3001.

20 Referring now to Figure 31, each of the butt-ljoint leads 2903 of carrier 2901
has been solder reflowed to a pad 3101 on printed circuit board 3102, thereby
interconnecting the ballgrid array package unit 3001 to the board circuitry {not

shown). Figure 32 shows eight of such package units 3001 mounted on a printed

circuit board 3201 of the type known as a PIMM module. DIMM modules are in wide

25 use as SDORAM memory medules for personal computers.




body and the heat sink |layer 2106. The resulting assenbly, shown in Figures
22 and 24, constitutes the fourth enbodi nent | C package unit 2201. Each of
the | C packages 105 of a package unit is nmounted in a stack

rel ati onship, which neans that correspondi ng | eads on t\/\g"*l’gémlr gg?5| C
packages he directly above and bel ow185 one another. Such a configuration
facilitates interconnection of the common pins on both chips, as plated

t hr ough- hol Refering sibw & Eigarend3 us bellgridraray G packagegunit 330 hawingremiy t he
carrier substrate 2107. Referring now to Figure 25, nultiple fourth

embodi RN b MafleRaRay hackagd9 13301 thérkion Rxahpwa, Rigure 34estwdwsvthiselly for

nmounting on & circuit board 2501 having 20 two nmj or opposing planar
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on the circuit board 2501 has S, of board contact. pads,. 2503, t,0 ich the
35 Gor diselossdn Gasswbe heieh. Babl bt ,H0% MavrREOTTA Sriaithe
bonded. 14 APRIL 2005 -15- Referring now to Figure 26, surface rmunltai ng of
t he pasiafsamicosdaton assembly techooogybiwt ¢hanges angsmediicatians maxbe
conpleted fifth enbodi ment nodul e 2601 - Referring now to Figures 27 and
28, a fifddee trrretoravithou€ gepaitting fromt thes scopesofr the dovandiongaa béneinatierm
carrier substrate 2701- O her than this distinctive 5 feature, the
resul t JRgnsd X For SXARTPIEERE PPEK a0 RadRi shoWiiDih fop theinarioos #T Ipackdged aadl to
the first enbodi ment package unit 201. Referring now to Figure 29, a
Sevent BB UdlBiose! RRIChOBKE i ol LibageeSqt. thes it o TRECHITRN of QRe | o7
of t a

2901 désigne e nounting of nultiple | -grid array |C packages

2902. Such packa enpl ads, rathe I t 0 tion
Pom aabeshegna.Lbe” @ads PEUG.sRlaEy hul "i0ie BBMbact edfties  WaysO peh

i ncorporates butt-| - j‘_oi nt | eads 2903, which are sol der refl owabl e for
mount i Agvelsppdagd witl likely come into common usage.
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on a printed circuit board- Each of the ball-grid array |C packages 2902
has a plurality of connection elenents, which in this case are pads, 2904

on each of which a nmetal (e.g., gold) ball 2905 has been gw ol der
reflow attached. Referring 15 now to Figure 30, each of tﬂg al %iq% array

| C packages 2902 has been nmounted o#hfthe carrier 2901 and each of the
balls 2905 is physically and electrically bonded to a correspondi ng pad
2906 on the carrier 2901 - Bondi ngCtaiMBe via solder reflow, via

vi brational energy input, or any other known techni que. The nounting

proce sieaigd a mul tipl e- package ball-gnd array package unit 3001.
20 Re?@PPP%SanOW to Figure 31, each of the butt-I-joint |eads 2903 of

carrier 2901 has been solder reflowed to a pad 3101 on printed circuit
board 3102, thereby interconnecting the ball-grid array package. unit 3001

to the board circuitry. (no sho - Rkl gure 32 shows ei ght of such package
units Boo1 @bﬁér(?"% 'Hz(@r'{.'ﬂ?'élg %ﬁgr&éjﬁlg board 3201 of the type known as a
DI MM nmodul e. DI MM nodul es are i_g Wi gefﬂé’? use as SDRAM nenory nodul es for
pBrsonal cofgesstrene i ppriage iyt EAEh UTRARYNY ng now to Figure 33, a
ball-grid array |IC package unit 3300 having only two ball-grid-arra
packages 3301 t hareonei basingviirst Bnguseca {hqRac 133'“P€m"3£ ‘R‘éﬁ@"ﬁn&l’ 3300
mounted on a portion of a circuit board 3401. Al though only several

enbodi gEssedodidéd thereeh eald first ewiinting Hacatiovehaving adirstinowating pad &BY: i bed
herein, it will be obvious to those having ordinary skill in the art of

sem CoﬁﬂHcéé&bnasrﬁSﬂHirzgekﬁﬁﬁﬁm IRfliing ahedcoHiamaantiag patbaithy cedid dirst ang be

made thereto w thout parting fromthe scope of the invention as

e o Bl g RIR) oupls ol e shale |1 1o e
L bor S e 16D FodRe g Ao P e B
Commncgrftg%elrig %:g integrated circuit chip and a plurality of connection elements coupled
to said chip and extending at least to the surface of said body, the connection
elements of said first package being conductively bonded to said first mounting pad
array, the connection eiements of said second package being conductively bonded
15 10 said secend mounting pad array; and
a printed circuit board having at least one interconnection pad amray affixed

thereto, each interconnection pad array coupled to circuitry on the printed circuit

board and conductively honded to the interface of a single 1C package unit.

20 2. The electronic circuit module of ciaim 1, wherein individual mounting pads of
said first mounting pad aray are coupled to individual mounting pads of said second
rﬁounting pad array by means of conductive iinks within the carrier, and the
connection elements of one of said IC packages are conductively bonded directly to
said interconnection pad array.
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20 25 14 APRIL 2005 -17- CLAIMS What is claimed is: 1. An electronic
circuit nodule conprising: 5 at |east one | C package unit, each unit having
a carrier having first and second I C package nounting Iocaamﬁ_ I:]c%oposed
sided thereof, said first nmounting |ocation having a first I-ig” pad
array, said second nounting Iocation1ﬁaving a second nounting pad array,
said first and second nounting pad arrays being coupled to a carrier
interface;, arkk kectropid cirodit Intbehie kafgelaim ebcwhpeain Spdd RaNREIgCAMPHERRGE body
containing an integrated circuit chip and a plurality of connection

el ement difneh | Hadifg Miran AnaxéamMid thajdr phaat faced hermespbadiagof
sai d bo@ﬁ%ﬂ% coﬁﬁgcftﬁliﬁona e?e:rents of said fz??sF package bei ng

conduct j.vel V. ' ' | i i e connection
el ement§°B %%ngégg@&ﬁ%@%ﬁdeﬁg%% u@?’?‘\r)g yIi onlgFe.'g' 15 to said

second nmounting pad array; and a printed circuit board having at |east one
I nterconnection pad array affixed thereto, each interconnection pad array

coupled to circuitry on the printed circyit baoard.and conductively bonded
LGS t he 4-nt er The SlestronitgiNanoguls el g dniheraln said eireuit perd inrfldes & cy;
modul e of claim 1, wherein individual nounting pads of said first nounting
pad ar rregess forozaghl patkege urdt affided thereto t9aid reness receingakleasha PORRIAt i ng
pad array by means of conductive links within the carrier, and the
connectgfdRe Godyedoneaff sankpadkegmed | C packages are conductively bonded

directly to said interconnection pad array. 25 14 APRIL 2005
5. The electronic circuit module of claim 1, wherein said carrier comprises a
10 semi-rigid iaminar substrate having first and second major faces corresponding,

respectively, to said first and second 1C package mounting locations.

8. The electronic circuit module of claim 5, wherein said circuit board includes a
recess for each package unit affixed therelo, said recess receiving at least a portien

15 of the body of one of said packages.

7. The electrenic circuit module of claim 5, wherein said carner further comprises
a plurality of carrier leads, and individual mounting pads of said first mounting pad
array and of said second mounting pad aray are conductively coupled to individual
20 carrier leads, said carrier leads being conductively bonded directly to said

interconnection pad array.

5. The electronic circut module of claim 7, wherein said carner leads are L-

shaped and butt-soldered to the pads of the interconnection pad array.

25




-18- 3. The electronic circuit nodule of claim1, wherein said carrier
conprises a flexible polyneric filmhaving first and second maj or pl anar
faces correspondi ng, respectively, to said first and secoil‘? l%lg ge
nmounting locations. 5 4. The electronic circuit nodul e of AF , erein
said circuit board includes a recess1®or each package unit affixed
thereto, said recess receiving at least a portion of the body of one of
sai d p#ckagéhe electimmic|cnrcuitomoduls rof ulainnotiuwheogine saikdntariefhleads nakai d
carder conprises a 10 sem -rigid |am nar substrate having first and second
maj or fg@q%g:gﬁg;ﬁpondi ng, respectively, to said first and second IC
package nmounting locations. 5. The electronic circuit nodul e of claimb,
wherein said circuit board includes a recess for each package unit affixed
thereto, said recess receiving at least a portion 15 of the body of one of

said p ages.. {...he. el roni Lol t %‘HHIE ' Vm.g:{ i id
carder furth %'8&*5?&3@%&@ "Eﬁ}rﬁgl%:ff:&%fﬁ‘car Fl @rgé%rgéﬁ#éﬁgﬁegstl n I%(g:u%a
nmount i ng pads of said first nmouniin ad arra d gf said second nounting
peli ar MHGIORIACASIRGIBOTAIE 3 EG0H (R FECPIY g4 Fodh (CBPAa er | oads. sai d
carrier | eads being conductively bonded directly to said interconnection
pad array. 8. The electronic circuit nodule of claim?7, wherein said
carrier |leads are L shaped and butt-sol dered to the pads of the

i nt er cornectThen epsdromic TrcuiR SmbdulaPRl IclA00 5, witerein sEkk fiedteoajemfacecis cui t
nmodul e of claim7, wherein said carrier |eads are gullw ng shaped. 10. The

el ect r gilygarC iahaUidid edohe radjot facenirconpdratsl A reasds,odaid dirst I0 patkagelissecond
5 major faces incorporates a recess for receiving a single I C package. 11.

The el gabiABHC ok 'sakt plarEr FtsEntiioCtREMard s4tF 58EoNE ICddiagl RBIBLniare 1S

10 within said recess.

12.  The electronic module of claim 1, wherein each IC package is of the ball-grid

array type.

15 13.  An electronic circuit module comgprising:
at least one pair of IC packages, each package having a package body, an
integrated circuit chip embedded within said body, and a plurality of connection
elements coupled to said chip which exiend at least to the surface of said body,
one package carrier for each 1C package pair, each carrier having iwo
20 opposing major faces, each face having a mounting pad afray to which the
connection elements of one |C package of each package pair are conductively
bonded, each carrier having an interface coupled io the connection elements of both
IC packages, and
a printed circuit board having at least one interconnection pad array affixed

25 thereto, each interconnection pad array conductively bonded to the carrier interface.



pl anar, and said second major face incorporates a recess, said first IC
package is mnounted on said planar first major face and said second IC
package is nmounted 10 within said recess. 12. The el ectronpi of
claim1l, wherein each IC package is of the ball-grid array*%&ﬁgaﬂggﬁ%é. An
el ectronic circuit nodul e conprisingtzﬁt | east one pair of |IC packages,
each package having a package body, an integrated circuit chip enbedded

wi t hi n 1¢giai d Theoslecmmeic airpLit reddule obtlain riife vihesein palirsmfmoeud\gpds 0 sai d
chip which extend at |east to the surface of said body; one package carrier

for eaqj@, bit® AvdeORcEs Iof saRPsdkagedatfier e glgctiivally inferoppessted, arg tre f aces,
each fa g havi ng a nounting pad array to which the connection elenents of
one I C ' ' far der
navi ng SRR FlenfHS oF BRS eF3alC patiadeR i chdactiolPBORGE dRe
packages;.and a printed circuit board having at | east one interconnection
pad arrsﬂfjmﬁci?agem@ ??Fgﬁgfg’& each interconnection pad array conductively
bonded to the carrier interface. 14 APRIL 2005 -20- 14. The electronic
ci¥cuit nodule of claim 13, wherein pairs of nounting pads on opposite

maj or faces of said package carrier are electrically interconnected, and
the cdidnectThenelectapistoirctit naprdule of siging 1@6%!2'5!9@33 SAEIEE SRERFEES&A v bonded
directly to said interconnection pad array 5 15. The electronic circuit
modul e flreixitid pordadic fithe eeidrsatd b posing ireajor fagesiase plandrl exi bl e pol yneri c
film and said opposing major faces are planar. 16. The electronic circuit
nodul e of claim 13, wherein said main circuit board in includes a recess
for each package unit affixed thereto, said recess receiving at least a

portiomeof it BRANCRL HaGit Phodith &f BRFAZS Sherein said main circuit board
10 includes a recess for each package unit affixed thereto, said recess receiving at least

a portion of the hody of one of said packages.

17.  The eiectronic circuit module of claim 13, wherein said carrier comprises a

semi-rigid taminar substrate.

15
18.  The electronic circuit module of claim 17, wherein said circuit board includes a
recess for each package unit affixed thereto, said recess receiving at least a partion
of the bady of ane of said packages.

20 18.  The electronic circuit module of claim 17, wherein said carner further

comprises a prality of carfer leads, and individual mounting pads of each mounting
pad array are conductively coupled to individual carrier leads, said carrier leads

being conductively banded directly to said interconnection pad array.

25 20.  The electronic circuit module of claim 19, wherein said carrier leads are



17. The electronic circuit nodule of claim 13, wherein said carrier
conprises a sem-rigid |amnar substrate. 15 18. The electronic circuit
nodul e of claim 17, wherein said circuit board includes a _re é each
package unit affixed thereto, said recess receiving at Ieaéﬁ‘gﬁgﬁr $ of
t he body of one of said packages. 20-24- The electronic circuit nmodul e of
claim17, wherein said carrier further conprises a plurality of carrier

| eads, guitvingdhapeldial rmounting pads of each mounting pad array are
conductively coupled to individual carrier |eads, said carrier |eads being
conductively bonded directly to said interconnection pad array. 25 20. The
el ectronic circuit nodule of claim19, wherein said carrier |eads are 14

APRI L 2005 -, g}gcltrwh[&gci&f[a@gﬁgdlgrgjeof I?Esiﬁ'ag% ﬁfﬁé,gni]gﬁig ighfibrieadddreLof claim

19, wherein sard carrier eac ead being butt-sol dered

modl 6 ke, o e ORI AIBRR G G oI micBnBR A B frrkl 0 o

a recess for receiving a single |IC package. 23. The electronic circuit
nmodlul e of claim 17, wherein one of said major faces is 10 planar, while
t he opposing major face incorporates a recess, one |C package of each
package2dai r I elegtepiasiswitgnodaleof slaimal 7, mherein eaeh ahsrid 9PPeeRgss
receiving at least a portion of the body of the other |IC package of that
pai r. Zdajohfacdsciotompuraiesia moess facreceivornpsirglend pat®ags | C package unit
having a plurality of |IC packages, each package having a package body, an
integrated circuit chip enbedded within said body, and a plurality of
connection elenments coupled to said chip which extend at |east to the

surfaceypf sphdeRR¥%nic circuit module of claim 17, wherein one of said major faces is
10 nlanar, while the opposing major face incorporates a recess, one IC package of each
package pair being mounted on said planar major face and the recess recewing at

least a portion of the body of the other IC package of that pair.

24 An electronic circuit module comprsing:
15 an IC package unit having
a plurality of 1C packages, each package having a package body, an
integrated circudt chip embedded within said body, and a plurality of connection
elements coupled to said chip which extend at least to the surface of said body;
a package carnier having two opposing major faces, each face having at least
20 ohe mounting pad array to which the connection elements of one IC package are
conductively bonded, gach carrier providing a carrier interface coupled to the
connection elements of the IC packages on that camier; and
a printed circuit beard having at least one interconnection pad array affixed

thereto, each interconnection pad array conductively bonded to the carmier interface.

25




a package carrier having two opposing major faces, each face having at

| east 20 one nounting pad array to which the connection elenents of one IC
package are conductively bonded, each carrier providing a carder interface
coupled to the connection elenents of the |IC packages an tIHaFBHr 2065 : and
a printed circuit board having at | eag® -one i nt er connecti on pad array

affi xed thereto, each interconnection pad array conductively bonded to the
car ri er2k.nt efiaetectrepicicircutRrodde@s clim 24 whebin pdiccof mounting pads bnnodul e
of claim 24, wherein pairs of nounting pads on opposite major faces of

sai d pasABteTnsor tcearof saiEpackaRRl datribNar leBfRaIE hteRBANENR, SRARRST T on
el ements of one of said | C packages are conductively bonded directly to

sai d | NEnehHs %‘érﬁ@ntﬁ%ﬁ nﬁsrcﬁi‘aidsl@ ac Séieseélﬁg%(:{r@ﬂhﬁvé\lly BBHH%% @B‘?Hrhftnga q

claim?24, wherein said carder conprlse e pot yner

sai d o%%q&mg&ﬂhg&igﬁgéa%gi pl anar. 27. The electronic circuit nodul e of

claim ereln said nain rcuit board 10 includes a recess for each
pﬁikage unit affixed thereto, said recess receiving at |east a portion of
t body of one of said packages. 28. The electronic circuit nodul e of
claim rein said carrier conprises a senm-rigid | am nar substrate.
15 29. ¢fhe e %ﬁesﬁpelccqwﬁumodfﬁaﬁ glaim 24, ayharels, sajsh eaier complises ac ui t
board includes a recess for each package unit affixed thereto, said recess
recei viflexibde poiymaricfipo andeaid opposing beajpr ffcesnpe plarsai d packages. 20 30.
The electronic circuit nodule of claim?28, wherein said carrier further
conprises a plurality of carrier |eads, and individual nounting pads of
each nounting pad array are conductively coupled to individual carrier

| eads, zai d 1@s &leBfrohi@@stevit module of claim 24, wherein said main circuit board
10 includes a recess for each package unit affixed thereto, said recess receiving at least

a portiont of the body of one of said packages.

28.  The efectronic circuit module of claim 24, wherein said carrier comprises a

semi-ngid laminar substrate.

15
29.  Fhe electronic circuit module of ciaim 28, wherein said circuit board includes a
recess for each package unit affixed thereto, said recess receiving at least a portion
of the body of one of said packages.

20 30.  The electronic circuit module of claim 28, wherein said carrier further

comprises a plurality of carrier leads, and individual mounting pads of each rmourding
pad array are conductively coupled to individual camier leads, said carrier ieads

being conductively bonded directly to said interconnection pad array.

25 31.  The electronic circuit module of claim 30, wherein said carmrier leads are




bei ng conductively bonded directly to said interconnection pad array. 25
31. The electronic circuit nodule of claim30, wherein said carrier |eads
are 14 APRIL 2005 -23 gullw ng shaped. 32. The el ectronic 3iu@y#hgg&&¥le of
claim 30, wherein said carrier |leads are L shaped, each le 4 B

butt-sol dered to a pad of the intercoddection pad array. 5 33. The

el ectronic circuit nodul e of claim 24, wherein each of said opposing major
faces igubwipgshapada recess for receiving a single | C package. 34. The
electro nic circuit nodule of claim?24, wherein one of said najor faces is
10 planar, while the opposing major face incorporates at |east one recess,
at | east one | C package being nounted on said planar nmajor face and each

recess ggcei YhdgidironkeafduitmBatik LA 30\awahn S5iddari& leagkaaer - 15 20 25

shaped, each lead being buit-soldered to a pad of the interconnection pad array.

33. The electronic circuit module of claim 24, wherein each of said opposing

maijor faces incorporates a recess for receiving a single 1C package.

34. The electronic circuit module of claim 24, wherein one of said major faces is
10 planar, while the opposing major face incorporates at least one recess, at least one

IC package being mouned on said planar major face and each recess receiving at

least a portion of the body of an |C package.




