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DENSI TY PACKAGES The present invention relates in general to 23 D@Cdzeﬂz
sem conductor integrated circuit assenbly and packages and no
specifically to substantially flat packages form ng a set such that the
organi zation of menmory chips is nodified, and a nethod for the fabrication.
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I nstruments in Singapore, also in 1997. Wile the nodul es of stacked nmenory
devi ces achieve nore nenory bits without shrinking the feature sizes of the
chip conponents, they fail to fully utilize the product conplexity due to
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|l ow height limtation should undergo further refinenents. Preferably, these
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redesi gni ng the sem conductor circuit ghi ps. Anot her object of the present

invention is to provide a design nethod of electrical connections, as well
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sai d smeoufdctdang machipesisareededy t he signal and power terminals of said
first device. The present invention conprises a high density nenory nodul e
and a nethod for fabricating the enabling parts of small outline nenory
packagSdMMAREBDF Thi INVMBNTEIQN, and t he organi zation of the assenbl ed nodul e
is multiplied. The present invention also defines the design rules for the
pattern of electrically conductive strips integral to the electrically
insulating carriers as constituent parts of the menory devi ce packages.
According to a second aspect of the present invention, there is provided a
nmet hod for the fabrication of a high density nenory nodul e conpri sing:



providing a first packaged integrated circuit menory device having therein
a,first electrically insulating carrier and first conductive,r i

pattern integral with said first carrier, and at least a fi r&gubw 2002
sem conductor circuit chip; providing a second packaged integrated circuit
menory device having therein a second electrically insulating carrier and
second conductive routing pattern integral with said second carrier, and at
| east a second sem conductor circuit chip; connecting electrically said
second device to said first device whereBy said first and second devices
forma nodul e; and structuring said second conductive routing pattern such
that the electrical inputs/outputs of said second device are not shared by
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carrier, and at least a second semiconductor circuit chip; and
said second conductive routing pattern including means for modifying the architectural

organization of said module;



23 0Ec 200z 4 FIG 4 is a schematic top view of a first board-on-chip
ball-grid array 64 Mt x4 nmenory device . illustrating th lyrality of

el ectrically conductive pattern integral with the electri c% ayhiﬁeuzéﬁmng
carrier, according to the invention) for connecting into a |28 Mit x8
nmodul e with a second packaged 64 Miit x4 device (shown in FIG 5). FIG 5
is a schematic top view of a second boarglﬁ-on-chi p ball-grid array 64 Mt
x4 menory device illustrating the plurality of electrically conductive
pattern integral with the electrically insulating carrier) according to the
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reflo i $%Bgﬁg. defined herein, the term"packaged device"
refer ;Eégg;??]ﬁ%\gééai fgéﬁmacon uétagéschi p having been assenbled for electrical
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medi ca ) E Instrunentation. The present invention also
hel ps to mestheieineald speongseadyntive suting dattainds aaemidasskysapmng theblogiggule of
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principles of the present Invention nay be iIncorporated Into dynamc
r andonearesdiv®ly.nenori es (DRAM), synchronous DRAM ( SDRAM), static _
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pr esenhnitEMERulsOAréts Hdi SEMSRES idtd a module so that the inputsioutputs of the module
acquires an exclusive combination of the inputs/outputs of the two constituent devices, the rule
of "exclusive OR" is employed. The invention accomplishes the modification of the architectural
organization of the module by designing the electrical routing inside the device packages so that

their electrical inputs/outputs are not shared.



detail below, it should be appreciated that the present invention provides
neny applicable inventive concepts which can be embodied in a wide variety
of specific contexts. The specific enbodi ments discussed he@ed B zﬁﬂkl y
illustrative of specific ways to make and use the invention and do not
delimt 10 the scope of the invention, The inpact of the present invention
can be nost easily appreciated by hightighting t he shortcom ngs of the
known t echnol ogy. As one enbodi nent of the invention) FIG 1 shows the
sinplified and schematic cross section of a nodule fornmed by attaching two
board-on-chip ball-grid array packageg,by neans of solder balls. Each
package conprises a sem conductor chip 10, which can be, for exanple) a
silicon integrated circuit 15 conponent such as a DRAM Chlp) haV|ng
typically LO
has a ci I’Cﬂ? %nés%tﬁ?% ?Ené{g%ggr}%frg/ rﬁ%s%rg ggt‘ébnl @e tlﬁee@aeg %ﬁ%u%{e\teohas
an el eatt¢mea1teg,rai tadlg altepwgallyoassldatmg carrigre of 84 Mbi %er@ckm:smreld%crlbad; ng a
first C; has
2 pr ulS TR ofABudh. VRGN G Lhpifentan deylecs e foneaid peatanc
sur f awhmemment@aranaa Nbﬂ)mqnthI%@lWQﬁ Oflﬁ@lgatmn ipiceelatesarrier 1 |. These
rOuti NG SUA Biothel dR Bhckont R e EntBA 4G QBRbhdr osTof b Midkically EAMERIJ NS
for electrlcal groun power and signal |1 nes dition ere
pl ur apattgmeintegmlttadhe ped%sicalar)ina_laatirem@rri%b ofiep MbittRRAM rPackrgesi afgtdesmbledce |
la of ¢ r I i
second0 sur a@ebyl4 }:rgraﬁgég 'ﬁtvr\{g%n Fﬁf CBP' g@%@b?ﬁ%%ﬁ‘%ﬁﬁ%@@?ﬁt Cg&g?ﬁieui t
sur f agéthitiemingéntioni @25©Mb1theera@wan¢ﬂumm hyetbwreanizationiigerepted. and chip 10 i~
enabl ed by I@éthgperﬂﬁg&ﬁ'e |F\ve1|ﬂ|on CRAbaLES ofl%l?ﬁt%eﬁngg iPhy-&lo ?qatr{%aﬁarl\ L¥e
insulating materia suc as t e epoxy resin F has” typ
t hi ckgembinded (acgonging W ther inyentian {0 ceeatlejdhiriiales 1he edemanyr cm’aCﬁayn rty Ised.
Th ad%ﬁ%;ﬁﬁné@yer 14 may be made of, for exanple, a doubl e-sided adhesive
polyimde tape. Carrier 11 of each package has an opening 15. This opening
is sutr und@jharyemmdlmentsﬁdbe witMestiori dluatrate fthe stackiog offloywarigfile 3highdleasdht t o
one sigey pf. opening 15 and a second row of pads | 3b 30 adjacent to the
opposite side of opening 15. These rows of contact pads 13a and 13b receive
t he stitch Téadechpical advanke sguesetted by the inTeition, a¢ wed ag dhg ebjectsghensef, wiill p
bondi Bgedtfg apdbtentirdr IR bIBRRE dscriptiofl Jf e GefEfedl erfibfimets SRkt HlentEANt act
pads 13 are BOS|t|one ose fo an al ong e peripheral edges carrier
1. Di ¥hesepnaideredentcopivmetien wishdke IGSCQXF@QFEYde@’laWH‘@ISI@dlﬁ‘evWﬂV@hf%@eﬁééﬁed
for C@ﬂﬁhﬂ%ﬁﬂaﬁ&ﬁme k€ packages into a nodule, and for attaching the
package to the final customer application boards. 35 As can be seen in FIG
|, a pair of bus bars 19 is positioned parallel and close to the edges of
openi lgmgﬁ DE‘gg.R'bqtfo,@@sTﬁE Q)F\?{WFNGSS cally connected to one or nore of the
pads 13. The bus bars nm E C 2002 6 serve) for exanple, as power
suppl i es ofl§Polinag 2 r%fehﬁwar agf Fl@nnlds Bcﬁimplﬁ'gd@Qd§°hefmt§r@0%$ﬁf§@'ﬂ@d"% t he
bus b%?§n&%uﬂ%n&ﬂé@HRBQ%%RQm*Zmp%%Hbh@aﬁHfFQQ&@eére desi gned as shown in
Flo. I) théx(B ave to receive an electrica |nsulat|ng fil mwherever

0

si gnal ~ wi r & BoAds Agsiapliiaskand seheraticneross sedionat view elofrpnedula ynaske; ofi 104t e

the pesaidodd- bﬁ,ybgﬁ A a®heFadkagad. short; however, these insulating layers
are expensive and ?ec hnical | y undeS|rabIe I n other carrier desi ns mhlch

avoi d the héed3fiop SChemPUG fopndew h@ ipdividualgbogrd-onwshin eall-gricharay 87 dRitobni ng
15) a%rﬁ&?'dehfé@%ﬁjsﬁﬁﬁr‘@fﬁ@ SHRatg o el&%aﬂﬁcamcﬁ&éerdaﬁﬁg emeg %te@@!}ﬂntﬁ)fthe
carrier whi sker wires (usual I'y gold, gold alloy) or copper) are

bonde@legtrically inpdatingsaréiduct or Chl p 10 has been adhered to the carrier 11.
Known t echnol ogy allows a pitch of gold balls between 70 and 10 t00 Itm
Movi ng the bonder capillary containing the gold wire in a pre-determ ned
and cout puter controlled manner through the air will create a acre | ooping
of exactly defined shape. For instance) recent technical advances allow the
Formati on of sequential paths of different Looping heights. Wth this
capability, wire l-oops high enough for safely crossing the bus bars can be
manuf actured. After all the bonding pads 18 that require electrical
connection to the carrier | | are connected, 1 Sthe opening ISis filled
with potting or nolding material (indicated by line 20 in PIG ! ) upto a
hei ght of about 20 to 50 Nmon top of the maxinumw re | oop height.
Consequently, the polling material will rice significantly (sumof | oop
hei ght and potting height? over the surface | | a of the carrier. Rather
than using wire bonding) the electrical interconnection between the chip
bondi ng pads and the carrier contact pads can also be acconplished by
solder baIIs or Balder hunps u5|ng fI|p chlp 20 proce55|ng In thls ~case,
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and often solder balls 16) on both surfaces of carrier 11. Wth this
feature, one package can be attached by sol dering to anot her

order to forma nodule, while electrical connections is est z%mg’em
contact pads 13 of each package. Such gttachnment of packages by sol dering
is commonly called "stacking”. In simlar fashion) packages and/ or nodul es

can be stacked to cuystoper clr ui,t boas. 3 i nce sem.conduct or h|p 10
72"t aci n i ¢ hFIG-4 SRR iR of s A PR By O] MO Giismon devis

at t ached ftilbisteating theplurhlity oftsiectrivtip sonddctivpltesi ivtegrkl ayie the bidstridally imsulakingxarrier, i t s
back surf ~ ed
't egr at e pingth (RRARRR, (o conp g SlATE bl 5 bk B e PRERRAGAAGLRTE
22 is for dedrelbpwialIG. Al first and second device. The exposed back surface

of thesfirst cmls?sassnedm&nqm df@set:&idsomxp%al gridanhysmahﬂuwmmdﬂySSI pate
convecti on and

thermal e at e oper

i ati on e S REREhER Gy Siefe oo voufhcP B Bhfin el b b DS ek
surface okartitreaceadigiolthp hedatigs the chavdetrg itaun 1 28iMbdti xp atoduld Widvarfidt pekeed)§t t hr ough
convectio Ikl on-dni0 the anbient. To that 23DEC2002 7 exposed
surface) gdnbﬂggaﬁtv?ﬁggﬁé%ﬁgﬁg)h c heat sink may be attached (not shown in FIG
1) in order t &Gndhiivn siteplifiédeandheshamati¢ eress geatidnofa madlesimilrao thomodutrd FiGd bal

packaggd memor vyl @ iGREnAR& aid AR crgsbfearoﬁ%m thddig umqqll&dédslcuhmqgj of
"high density"; it OCCUpI es an_assenb X board area not larger than an

i ndi vi dualconeestitoyindiddalpaskaged deviessin miros ks ppsftioningi num hei ght . When both chi ps
10 i nrTb ::I G 1 amg. nwmehemeucnﬁpuudu@uaﬁuthgaag&a:mmeym):f fbdagmmgw lsnﬁlaxganl cal

assenbl y to doubl e the menory
capacity %?mgs %ﬁe e \/T ﬁg %é\ﬁb“dlgo]m‘{fpaf“fdﬁ'é toalgc CAM'S®aur al or gani zati on of
the nmodule is mwﬁs aschegatictitpmt/outporowing dingran eflthej senond of fagubdpdtisxdghckaged f i r st

devi cqcar tE@MF econd device. In prior
art) ??ll sgagéa%% m%g&{ Sgteﬁ)%éy & gﬂr eaclﬁé%&g&&ftmhﬁﬁuﬁgﬁ‘d di agram of wire
connect i ons 17 FG Ytsaschsmeticdppat/euput ming diagssngofdlethirdeof {Qus @ erXf*@acémcd fromthe

bond di agrdamepiobatb%neeae&@&W&@immwaac&mgms#ﬁmﬂonof the first device: or
alternatively, if each chip 10 were designed with different |ayaut for

the signal ter rﬁqﬁé?g“i‘f?ﬁ'“a“fﬂ’l’?’@f“gﬂ)‘ﬁ%‘“gﬂ({‘?gf”gb?ffhﬁ furipor{ey 64 Mok ERagkserduct or
manuf act uidevi@s lo@€ bonadcrgio a\atd Mbiex1p rauldecordidpao thamiventitvat bot h of these two
alterngtives are inpractical froma |ogistics standpoint, prone to

manuf acturing difficulties, and expensive. Consequently, in order to

gai nf ul | y DETAIGED DESCRBATINOB THEPREFERRER ENBOIMENTS on for nodi fying the

organi zati on hage sr&en@nv&@aum relaled o mm@e&u&qmg%dw&ukmmgb&re@mglomy i's
aggravat ed when a nodul e of four packa menor circuit devices is

ed
assenbl ed 24&2 CRP QHlinepaqkpge, and arp gsserpbled ugipg existing “&ﬂéﬂfﬁ‘{ﬁ‘ﬁf* g RE R apaci t y
of each de.waaen is Filrlizer celated 10 Ytnidohdacts matagésme:de buad-cachip BRigh 6f taermgn&mw on of

a nod t acked neans .ai ', sol.der,. ball h ckage of ce is
comer e dtmf ety Fenpaoes B Teir Ipoment vadky Fe BRENRE s BESAOA ROtk 1D
1) but w tphcksgenesignenhbles cpddraliya packaged1b be edec@inadly eonnébled asoveeltas mquoy stickedt he

i ndi vi dual, ity,
sem conduc?ggt?‘&iéﬁl%u%gﬂ@ sg%hk% W gesagggorf;lﬂné/e'uf@’tgé *p %cgumkt%hgﬁ’f’ b &a %ém ve

| ayer 104 %equﬁuceonlegﬂemme proghistsi As dofieed thPl“dWFft“fol?'ile refess (BalicicEr tgidhever
desirabl e,of Jhamcegrate@éucmhpaskaw& mwam TRR@eRRioh adek GudEAkedEigR lof hefdted 1QIs o
prote;bl ve Ru ose%if C@Y’_rlerﬂ {xﬁd qﬂfts of four electrilL.ally

i nsul at'i ng® "53‘} yrans bptars £y BN PRLIAPYE opening 105a) intermedi ate
llayer 101 b wi tAs definsdirepanh the terms fpadkaged devive'hriefay bab tsla)semirrinductveciifeitaging teper  101c
with a st IuLse ﬁ%Je%trnQ&??&thon g?d g?lle@é%lcoll% gehm\’mlngnleatt?’gﬁalqer wi th

| ayer 1d c, TOrme the cav 1 e sem conauctor ¢hi

separat e Icwm“btcéf“@m @Fkﬂ&ﬁlefm '106‘&\#@“@|°ﬁ1ﬁemf°P'@H°‘°féF‘t'%Gﬁ‘g"rﬂ’Wéh‘éx pensi ve.
| ayout ~f jggnductive routing stri ps 102 al ong the interfaces of the
internediate |ayers 101 f and%l f e routi 1<c9§1 ar e electrlcally
connecred throJéﬁp'\eﬂe%tém’i'ﬁ‘fnf“Setsct ﬁ{f‘ﬁ'{{fmﬁg GSP3H 54 ?:ﬁ"é'r"e" ocared on the
exposed supflizaiess wéh 5 aetinfasgominayietiont (Phgers, kaed digk|drivea.dapin computegsapdedcas ur f aces
of carrier layer 1 O d. Internediate |ayer 101c includes a pair of bus
bars 109. The bus bars are electrically connected through 35 vies 121 to
one or nore of the contact pads 103. The bus bars may serve, |ur exanple,
as power supplies or ground, and it is proferred that one bus bar 109 serve
one function, such as a power supply) and the. 2 ~ D E C 2002 8 second bus
bar 109 serve another function, such as ground. The reason for choosing the
nore expensi ve




multi-layer design of carnet 101 is the possibility to elimnate the need
tv insulato the bus bars 109. Additionally, the mull (-] ayezaaﬂgﬁrzdﬁi
provi des a greater process nmargin for wire bonding. The whisKe Vr 07a
and 107b are bonded after the seinctonductor chip I UO has been adhered to
the carrier 101. Wres 107a serve signa connections, and wires 107b serve

d d t i , f both nd 107b
e pr ot ed S AR B A oA RPEP Fi3Ep NB e PRIEPRTE ST e P
openi ng defdbleaslassaciacd with the clbcayrad capddily al tha pidp dsembly. Thefpriadiplewf hapesentn | | ne
th th . i al
1900 cont ARRA haybncblebad nloWyEhictiloacelt bl BEQROMBESHIRRbIBRIR U0 =
smal | di afERRAMY, stafigaandgm-pagess memmﬁg&AM) erasaple progr@nmablc readamtp mcpor@s 2 n) . 10

Wien the fenton)idae IOEQeréuﬂs &Eb@u:)%mﬁﬁﬁy &ﬁmegra&h EifcHit &(%p@)ffcmk he sane type,
t hen the mechanj cal assenb ﬁl cted In FIQ is able iv

quadr upl e the nEHHy “BQ%%‘F‘PV“&N ""é‘&i&‘ﬁ“‘f’?ﬁ&“\?lsa 8% Presh! H“’Hﬁf’vr? ‘I‘“"c‘ﬁﬁf’ in
architect uﬂr:taul betowg & Shonld be appreeiﬁted the mﬂpldmhtenvbmompdwdds ednySapplhatﬂhawtemNae
electrical [ot uy 0 n h L [ ired by the
i nput sl out pu lg ché:kln R Eod:ed mf% \%‘deq'arieé' o?s e?Fc cof\{@@ Cl‘ﬁc ?& i emgc nlnmen?‘ oal coul d
be reachediscuksd herwﬁ arp nwerebdhldtrange qﬂsmgﬁms @fmakehaed vep Fhe "tyemwe@ti deyne d@!@i?ra woul d
fol | oo feQEepRbe (RIS ThelimbaRAf 1l breleRSmE Aidh cBEARERy offrechhdgynal i vely.

IfteCIhF I n each four devices been designed wWth a
di fferent gﬁ%ﬁ‘ﬂ'ﬂg‘f‘ﬁh°‘fq‘1@‘“§§‘§ﬁ‘&lk“‘t“@r‘%q?@% 107a Per sons skilled in the art

of sem conduct Qs of@dibbdifiknd bf tdinveRBRFIG. Q Nowétte k,n@mnﬂacaqatemattcha)s<qaafon bhat 20

bot h of thes lLternative ractical ,from iSEiGs
oL andmoi nit eyt REnd ey RGeS Sper- S eH-ET P by B e Raball. Eien
Cons equentphokageicomtsebarserhiconduton thig 10ywidehzhiobe, fohmampde] bibicoo ntdgta@d cidita new

I f T
" vent!Son ‘SUREE Y RIDHAME il 5 He DRlebyL it BpSFon RS O BDEDC
i nna~et i orsemicanductod chiip 1031 a ejicwitsuriace LQarank siggek syrfach E0bj ﬁwemqkem fstherthlaean t he
bondi ng d'cﬁ:glfléari? inS@4tink DSird] r@fc%% ﬂrtlﬁ “&ﬁ%g ﬁanE?firgéuﬁﬂ@-pﬂggd a stcaﬁd present

invention applies to centralized bonding of the circurt chip as well
as to al t SHfase blby Ewmfesﬁgwaﬁggmmﬁum&“d‘%ﬁ’P‘f"@ﬁgﬂ’sa{?&ﬁ@“‘f"ﬁ@“ dfdes of
the circuifist sdwaa 1 Ollar &egmwemau thids baingomagmlvlue&nteﬂu 1davése atirdgRiriphiotia f | : p- crdn p
processi ng. sol der - bu enpl oyed in
order %o cB%ﬁ'e'c?"d cﬁ'gt"(‘ftﬁWg‘“f"%'?ﬁtcﬁmec"loﬁscfﬁr(f’eﬁtaca?éﬂu pco)wf’ﬁgcﬂ "fglrli"er Bont act
pads. Fur taditionothey is & plsrabifyoCentact pivks |3, i3mand Bb depdatedén i liisogriace ¢l df Famior

arseni de, (@r any other sem conductor material 30 customarily used in

el ectroni ¢ devi ce production. The follow ng enbodi nents are based on the b4

Moit x4 (al so rCofrisr tldgs figsilicen ahép igiached foriss W%\’/F'&’é“hiﬂ}at&h‘s%"m swfags, 4
and 5: twaiplavds @R Sirdult BliHate1da bithip 06, Mha atibifith@e@benkBerVDbdd K@ 10 Rlem®len 6 €1 1 ed

~.0 as,_16 t hus doubl | t he i nd t he nlzat nof
each <art*f ﬁ%“iﬂ‘@\y)?’)&r 14 Carf—'?’ Is "‘fd“g"l"@“cﬁﬁﬂg?%!' '%%qu%‘\m@% OSNETINE 4t 0 form
a nodul e on‘has?&ﬁcdubnthidcndsﬁ)f()alrrm Atedaivelgd pdbintido-basd daGieMopytte usdd6Th - t hus

quadr upl i (o) v Jing devi~c. 2
3 n-~C 28‘8‘5L geelﬁﬁen t tbym@%@?ﬁ&@%?%‘%%ls!s edg%' ?%ﬁ)g&" erms of nodul es
of two ~r four Qsigr tleof each package has aneperisglSr %'hlb@&m@ﬂ'i&i“”a?"é‘éﬂ wicoitacipady 16, ore

nore devi Qﬂn&hmnbi%u%ﬁv%ifa@ﬂl%@dﬁc&ftmoh&]ﬂde@ hid nsahdhgse&oh&rowtor ey for
changing the circuit or%gi atlond scrib her ei n. ?ﬂ) it or}1|) ‘j]vvlll be
cl ear 1% s @difcepijo Heonrasite sidg p ongping 15 “3?’5(0 ﬂ?aﬁ'é’ladséﬁ%ﬁnﬂ JeGREITE SUD (such
as 16 Moi tendsfdAlt wRiSiEr Wieds 17, me«MwnesrcoﬁBAMthmmpEBWde\w @eam)gcegeeera)l'lﬁrrthot her
ﬁre?;n In zat I O Qr%l atreQ%P chl p la(‘)rrr?ilzfnac?c?%ésef 3eafcetp§gtlo%ed cli)olélcle tla gr\lldlq aglgbl_hg ﬁé?hcr{ﬁdgtg e(Ief c%er{be  of

i nput s/ outl put)spomii oy mma;v@acs prdHS agesolider halle dl6 mbcleengmhi)for eombinipe twa q mattdr ess
the memor %a&@%& G.earEBa@ne. afd eamaaﬁtgmerbamé ol nmmmca/apammlhba%&d by addi ng
"by Z") or t he cel g t’h gygo ﬁ/ﬂ(}:aogam‘ty For

i nst arfde, when Aé"B‘WWt‘“%nb?V“@ B’ée?‘f&‘f%"smwgm y4=10 o)A S o il

ahhr evi at efenindy 150 Thékls bas dre etettrically donmected $o dnirertmode of ﬂpmctsllbu'lthpm@alhm to be
activated as a group in order to addresF the nenory device. Another way of
expressing the sane definition is the statenent: A 64 Mit x4 nenory device
is organized as 16 mllion words/bytes of 4 bits each. Simlarly: A 128
Moit x8 menory ntxiule is organized as 16 mllion words/bytes of 8 bits
each. FIG 3 is a sinplified and schematic top view of a board-on-chip
ball-grid array fi4 Mit x4 15 DRAM device (BOC-BGA' ~' M. FIG 3
illustrates the electrically insulating carrier 31 with its opening 35 and
its first surface 31a Through opening 35, part of the circuit surface 30a
of sem conduct or ~' II‘CUIt Chl P 30 can be ‘seen. Deposited on first surface
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In FIG 3, there ace synbols assigned to each of the sol der bgllLs_pads 3
as the electrical 25 termnals of the device. These synbols a&e? DE
standardi zed in the industry and defined in the data sheet of the devr ce
under discussion. Some synbol s conmuni gate universal neaning, for instance)
Vss for ground and Vec for power. Mst of the symbols, however) vary from

one device ty pe to anot her devi ce t . The ol .hl ands

connect i off e RPXHTRA e ARE of Srooih b aCehPBSyind e T F FRarelt 1t o
connect i nbusibars {byayise bonding 1T dA ttmdis bemdre d¢signgdsis gowe indé@.d| théyrhporte @evive ab 0 t he
| nvent | onek iyt iaREnelrth Thitdk igibl Wi biling G648 @e%m@,lrerato@raﬂlmr RRHL S/ out put s
of the device can reroute rom cont act pag us Indirectly
from chi pelisenre thrngssibdisy oftabelentrrerléh@hhwpmshe%nsrsgaureﬂqrffp gre eXPESE adi ng t he
patterg cfeéhnrcbreyrnnaedrmbreg IntHel Rfrier Sk prlshich SRR tre%mf&arsalamm o bﬁﬁwee

el ectrical signal) ground and power connections, stay unchanged. Those

critical Wr'ﬁb"“‘sfﬂ"l qpening1g, o %HUP%P%WE)?“P@P@F%E@ tiepprphsraledeech Fl G 3.
The reroutdmginf routing strips 40 is technically easy and does not ndd
g?ff ptSOaJI[‘ 26 f ggr ; C sk%i- |r\é\§el7 éusﬁeﬁlaga%\g’&d Ql[ol r]otr gﬁp%ew areebo atp:r ere ee%:(/cbnotune routing
i nsul at i nephirckyhag keen @&ef%@ilhﬁ%f@r g Knpyn terémltrgedllqyappemf zseﬂ@’ﬁ@e@teeh]ongi away

thfeI reﬂai frtsbee.rn qrtorrmucqram%pmaryé’on&rniagm@g&wae quch@Mﬁﬁed%ﬂ@l@ﬁn 10 anbi ent,
a as 0

ace rotec
Cons equentIlen mEREH GBI ek 2] g B RIE Ry rra*gsrrr."ﬁencwecht si npl y
acconpl i shadncmd\&g@hﬂmgeheaérmhﬁm oWe@tieﬂﬁtpalhEoﬂdﬂ'&l@gﬂ@nplﬁ@ﬁdglﬁ@rWrEhtllﬁhl ng t h]e
copper. FIG. .4 and. Fl and,schemati ¢ top views o
nar g i avseiy Y5 obpren S Bt g e bEhas S PG el b char e
i denti cal excepfterfatbthebmdmapads)i&thaafeqmbelectncaacronneeuic& taecarrdt hgye dmettixk
i nvent4 on e ed! i), nd FI G
5 suc?{i t hte'ff I'??lmé rrmr)lgﬂ e @EE&"J cebgﬁg‘ﬁm a? "@ecatcﬁﬁlb{rﬂﬁgdrlﬁgﬁ} lﬂ'pl ac%meglﬁ t (gt rical
i nput s/ outheett28 toT0 Lmyna tepedf the maxipm PlfGOOQGEMCMS@“e“M lh@e\r‘f’&@atﬂehvmfees whi ch

are i dent §igiicaht (ruhmeoprﬁmgrmw&&dgm@rgmm& :@su&c@reonﬂcsﬂda&eﬁ ed by the sane
reference nunbers as in FIG s are identical; in particular,

chi p bondi ng pRY&r &ian wingyire H‘é‘d%trﬂ‘l? elcgtha (geconpertiplRetSEHibE TP BANURERATH of wi r es
37 con nechndrﬂg: chrfier cbxﬂﬂdpaﬁgcapﬁdﬂac%omﬂrsﬁeb 6y olai talis or mef umpstustii ﬂid:umpc arrier.

Al so apept f&ern of those

cont ac §8g &g'? {rﬁhl age' @g i er \ﬁ/ﬁfmﬁlﬁgor eﬁ‘caS' su'lrat?né (f?#sr gnal , power and
ground connectmd@me@orthekw.rvéme kvérihcballs(hesoldssplglnmémn)lsl reserd tzeriel knessof ng
pattern the B&iﬁg%aﬁéﬁh&b Sﬁéndfné‘m& s%kQ:Utl RUEHche HighGvifd RbhiaEnccRbifalcCligh i F1 G 4

and FI G are nged 1n order to acquire the exclusive conbination of 15
i nput sl ouP‘b‘tPﬂé"aPB?‘ tigkRest g selder balgmust 'Pﬁée '6%&7|“B‘§'yd‘f‘gel"—dl'a@x""°ﬁ°fﬁ@‘“f"é’r“ﬁ'é’ﬂen devi ce
havi ng CaOQ5£lﬂOAmrﬁind the device of FICr. 5 he terned "device having

carri sel ctr n.rule,.i sed.on appl.ying the | ogic rul f

exclu |ve OR t§l° %‘i“g Yo digt 21 tﬁ'ﬁ'ﬂf?&%ﬁ?@h‘f’@%&” léémW%rcgfoﬁﬁaé’é‘ﬁrl?'er A
and devi cendiofies snlgercbdtsrlb.@n bom suffages efgarcértl$. With mhéeatgelmmcme eandce ptabheli bt ed i n
Table 1. Melify b Qﬁth%r‘ﬂaéi&ge:?@rhér t6 ﬁ:Fm Ph@ule%tﬁie&@&ﬁc@ic%nﬁe&fond nE‘&HBr‘sﬂé&t put remain

as defined inth sheet of E‘{QS devi ces, the names
i nput / out Meegeﬂna@wadzdi‘ B%?Pq@a% F% W@b‘tfipi'fﬁﬂﬁf-‘%mt“éémbe'ﬁﬁ%’é‘f‘f’"bf&ﬂ&ér pads
and cont aestacmgdsrn aﬁurarfﬁhm@lacfcageandﬂﬂmdm@srmn&lsmm amf mtomdreu@rob&&rs balls is

chosep, such t ates that t ar solder bail is
connet odto- ¢ Race Tt ltp ik f5ing vis it B Gpgviytor el SFead® | ' 5 pec
20D2 Tabl sladheCorareatlil agmédntidf adhedve Iifacid FAgeillGaveits BaclssuBale attt eapbsily Afegi ¢ OR
Rul'es 5 LSQ&CLﬁg ggtst and a sccond packaged integrated circuit device to form a module, as shown in FIG. 1, a

space 22 is formed between the first and second device. The exposed back surface of the [irst chip is
disposed in this space 22. Tt is able to dissipate thermal energy, generated by device in operation, through
35 convection and radiation into the ambient. In similar fashion, the exposed chip back surface of the second

packaged device can dissipate thermal energy through convection and radiation into the ambicnt. To that
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connecl . r, nDQ7DQ7no connect i onD(gﬁ%D%mD% D@Bno connectn

G Vi ng thé’"P‘Bﬁ’tsP'r‘iﬁe @B AddEiopq retpdlicthpnd siplomay H@é"eﬁﬂ‘ﬁb‘éﬁ’w%@ﬂq WigEpdertyy  and t he
ref erence diu:lﬁ‘ﬁlﬁfthél&ﬁdisﬂpdﬁbxﬁ 5, the f| gures display the select ed
connections to {lher t.he respective sol der % FI G
4, the routing ?‘l“&"?’?’('}?hv' lfac "EB’H’H@E"‘L"’?”F% %Beﬁt‘g"c'fs"ﬁ'ﬂﬁm c’s't’ 84 Ploul i ng
strip frorhigidésiDQIt acompite @b sssdntlyboad aed noplager DGR an ihdiedwabradnhomgdesice, agl f rom
DXB-~a4d c . .act pad DQ4; and the routing strip from DQ6- DQa3
conne(??s tcgﬂgt%%’%gé‘i'ﬁgg%ﬂ . In FIG 5, the routing Gip from DQbl- DQ
connects to conVbeatboth shipsiiQiin Fifhleare memoryrifeuits off the spmoipeDBEhO@rhpisanect s t o
cor Tact PREmbKRE md rh@dufc‘a&ﬁdtéagn ﬁ@rl'lpaﬁJtQ&uMe%&?&ﬂ?m%&lMEﬂ t pad

D4; and the routing str fromi;' QSDQb3 connects to contact

packaged 6%YNHRaTsEHe fhe RytiqnoLthe ﬁ‘a‘t}‘i"’rtb‘“‘?"bﬁsﬁf‘t thak fhe gleitrisa! lgmefkw@eﬁef ®ai vire
bor. ~!' ng filitdeyia@n® nochteddly € idputs/altpuys of ROREME B¥ick.Oln pAdr Ak ahiNRELI0Ed ofnBe Of

t hese eV|rge§edhas a carrier of typt ~~as in FIG 4, the other one a
carrler of atype Bas in FIG 5 (for exanple) the electrical connection can
h achi eved by "sifgelbpmigiiagraim.obwire comfedtions Iidn thepackage ofithegechinkxleriesyaediffarent sol der
balls). Wth the ﬁ&x{'{ﬂﬁﬁ"&nhﬁtg SRRk n%%%&dsﬁhﬁeph d?‘th@ﬁgt(ie\{?goﬁ sel ect ed
as expl ai ned abo e conbinaton of ces res ~S in a nodul e
of modified archi#iemetivelyl or gani zation. The nodul e bel ongs to the category

of 128 Moit at - jfeich&p W&ﬁeﬁ&e@@ﬁh@fer&hﬁy&ﬂ%ﬁtﬁé’srgnﬁlfterﬁlm% gannecting strips
in the device thc rler ti//‘SeAan | astern of the connectln%tstrlps
3
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i nput / out [Hoth o@ﬂlestelmeo diexclatives seeCigpriadtiedt fevth adogistiGisiasdpoiaifroread inaafachiridghe

el ectrical ) The,rou f the

connect i ngds"lﬁg "(Pﬁ h&géﬁ r&é‘m‘tl"%tgémﬁrd&%a"ﬁ‘ﬁﬁ TPIghie T a(r’Jr“!"é’?ﬂt% y |de "R Iran
~~een sel eolutah fefonqdﬁmtg thegasizaion hds tetle faundyut sl out puts of the device having
carrier type B g ﬁ]a&qtac%m{e%mectm BB a%tWhQﬂJJ tﬁoc@fc ot 6 pQ&xgee ﬁmh@ry' ng
carri er type A) whi | e renal nder ctrical gnal acrd power

~ t qjreuit devices is assempbled as showp i HIG. Haw e@?ﬂ tp Hyadgypl fhe é'ern%w Fameriy gk sather type B

is s har ed deyicd, Im alsmﬂatheaanﬂnmawrscﬁeﬂsmmésls&udtoft hedutawtice bhawnm sQladrier
ar rier i Jte set

of "B ottt RGREEkAg e ARG s guleg et P e g 9 o
conpl enentEGyl, b Wit sonfe@edifictionsduthie exam@la. Theearder @Y in khaitaljvidodl paabagd PFIG, N,
10E) [ RAS’thlﬁéél Cl)to %Ek%e\fﬁécaﬂ{y%e&ﬂ%d&ﬁd?ﬁf %iﬁﬁt}} e APMICER 1 bPmER of

achi evin ec ical connection o evice having carrier Awth the
devi ce25ha\ﬁid'r‘f‘g“’?:1a¥qf 1 Q4 “B‘hGNBﬂOOiPﬁ%‘tGaWd@W‘By”? é‘fpptﬁtmcn‘(ffwt'%@ dP%@‘ﬂ%dt’ prer <8l der

bal I's), eat@hwtueémmttmg ﬁammstoedomustbumoﬁs [ GBiRe f |cUrﬁ|s@Qﬂ6ﬁercQﬂ[aily When
the nodul e t hys forrTEﬁ, ]fq &\ﬁessed to erformel ‘ﬁ) ‘read” or the
"wite" fUmd t' 3yeiotHet %éﬂ%&f\hgﬂ& c‘&‘F'mSt"atAaé‘?‘idO fah aesmedbith v ng
carrier B mmra@dmemdnttmedxhelaﬁaMc witicodtill emaliangleringr (DR, indidyer I9BIY®hichINCt | ON,
but each not T’>(~s) of 10 the $-bits
byt e of tﬂ%ge hcrd"d?ﬁayer 2 Q@éﬂ%éavfysﬂb fof thg sem'qo%ag[&'c\g\ﬁp iting" a 4-bits byte,
and tH® cunul atThveepeﬁtbtmrs analtlhéﬂlrdjdmempltﬁed pigwughmepte eypensive: flayaung™ an 8-bits
byte. Consggudait Lammgtst}ﬁ,s BE4Hdn tﬂe%t%&mtt?e‘?ﬂer&gdm@lgﬂnh@ﬁ: afld AR tey) 1N
8-bits bytes, equal that o he i ndi v% al devices organjzed x4. Wen

t he nodul é"‘i‘“gg%{d?fr"é’s%‘é'd“"éé‘t?ﬂ“&f' Ul Yot P \ip 0P Pois P eBieR @ loghicd e did ot t he
carne ti mexpode stdactshe cardeiydr 0@iatas o¢ll as bothe Expasatkurf@ckt esder laevdigde havi ng
carrier A out
fromthe d&mlcdlgtgﬁger l61%qﬁc ugﬁ a%g%f%%%g:g 1690%“150&'3% algefeé lﬁﬂq%' Q%e&%d %g)tugh

havi ngdScarvids ¢! tpougor Fnote@é(de @ﬂWtdh é03adhﬁbes@€§d“ab’ e PoTiampin 8 Ryeer ‘APPHa‘t a out
from the DB caResdfiliSfofedidEors RMEC 09 dchE oRATcASNsubH as @ Bower QipplR. andhE " Wri t e”
address: Device having carrier Awll wite to the addressed | ocations and
put 4 data out into the D@ specified by the connecting pattern of carrier
A. Device having carrier Bwill wite to the addressed |ocations and put 4
data into the DQ specified by the connecting pattern of carrier B. 20 For
both "read" and "wite" functions, the D conpl enent the $ inputs/outputs
of the nodul e) since the connecting patterns of carriers A an B have been
designed as required by a x8 organi zation. FIGS. 6A and 6B conpare two
enbodi nents of the invention. FIG 6A depicts schematically the nodul e
descrl bed in nore det a|I |n FIG 1. A first packaged menory deV| ce gener al

T Y. Y I T R - T 1 e b o




~ 3 DEC 2~~? The enbodinment of FiG 6B is particularly well suited for
nmenory devices in chip-size packages, as indicated by the s t b
of the carriers inside the packaged devices in FIG 68, rel gleoﬁngq 2@02
outline of the carriers inside the packaged devices In FIG 6A. Another
enbodi nent of the invention is illustraged in FIGS. 7, 8 9 and 10. These

FI GS. depi ct cal e i, nput / out outin rans of four
carriers fsfﬁo“ ”3 oFEVF Eég‘“ urefiqn, oh %ﬁ"?%xxg"f'é%‘?“l'g’ i 'ﬂ%ﬁe TP XRGSHE
connect ed riui-RAyes dadigh 6f caidiloe isetie paﬁﬁmw élmﬁx&p,am riedd tﬁiﬂdllo)(c HSoupbgal®d zat i on,

?Lﬁ?_ B:L?(r:ﬁted%ﬁlgéfﬂy th n%l?tl-fr\]%e}[ ft.a?ricr ?}tﬁ I9g)v{3<:s a gfeatc: pr&%% éar%gi for W|re h(r)r?.l)s( nlggl ]?08]; such
boar d- on- chi p bk whigier dxrvarl@hyndjl@% a:cetznndeA@mo thd squgcondycmmtpl 16 e béep adheteth e

chips isn qdde E% Itﬂew&?ﬁﬂﬁ %m's@naﬁ &ﬂné&(ﬁpqaf &lm@ﬂ)&&’@r\k pg\éer(aﬁ} (Qm{l eferred to
as 16 Miyte x4) 0 DRAM ps bondi n B(9rams he wires 77

(see FIGS. °°'7“"‘f‘{9"sl TUF“’PP‘BHP?‘H@E ‘é?ﬁ‘i "ﬁ'ebl%ﬂ“ﬁd ﬁgfbﬂﬁd’é"t% \?’I’F@‘”@%\‘l‘“f“l‘%‘ﬁﬂ‘%ht act
pads r enniinoylrrakangas ﬁumedplemimﬁncd ewaﬁaSIayoAunh WidIgmk hﬂax k@ fdteCin likd vathof

Phtegral R THESHEESROl SR chbey i 5 Rl h ol b
nanmes and balsuieeanthaveta netativeinsnenl diapeterushally irt theerawge 84 tta 0. Tain, qompvnlsﬂémmpujt s have
been dgt er m nedygs yhQ) sf]od:l.%%ezzmtngmngc.rc'uﬂdgl @snm%)lylggge lfénfé&{aﬁk ting

routing strips are rrar nce nu ers 70B,

in FIG 9 %ﬁymwﬁﬁﬁéfr@odvbéept%m HIG. 2ds ghle tqwawlmww&v t?wu(q{eqch yﬁwwﬁah n Fl GS.

7 to 10 are b iR R @ fal &%anizﬁ%n ﬁﬂmh!e RGndaified duagmﬁwcu@amam,smu@b@
conmdn in rriers e earlier bed .enbodi nent of a

t wo- devi cé’% 1?‘8§°"‘F ?"ceé&’ﬁl"%‘ﬂ‘affﬂ bt’ P‘F&'“B‘I‘"é‘?f‘fﬂ"ise%"y e'g?{ﬁ otridgYices s In P aitour 64
Ivhit X4 dawi grbdpulddefeachavi ng one of the carriers discussed in Fl GS 7 to

each ermn th.its res v C
resul fI%I s a m)gqu ) b&%@%@%\%%t \Hh Ume COIIIICCIIOHP 1909 ou?d Ol%l?ow fljgcren?paﬂﬁrpezng acon (al so
referred to as 16’fquuepwzkaz®)0ramhveime eI ectrl cal connection is
acconpl i shed by ff%lcm)#m@mtemoftﬁéﬂamuaaéehaame%&@&dw.@ alditRleRGMbilGor uRf T he
four devices)) then t resulting nodule is indeed ~f "high density"; it
exhi bits ni ni num $&AYHRINaR % ccupi es a board area not |arger than an
i Qd' v:c dual pachagad smdamnye dmtsemcondﬂbtbd rRantifadtSring RUIBBZyOMI h@sedaem rae.sari bed
idre trative Cri
|t el (ogh e in e s 157 R R iou SR TL s e Sl S g
conbi nat i Gﬁfﬁcmﬁes tafrex fehdives Ooastqueraly Snrirdal kagainfudiy erasoy\nmlm<)daisc)fcﬂlﬁé?ramqrf()odl ment s
of the '”V&Qﬁdn%}nYFde)ngtIﬁe&@Rﬂuﬁﬂasto%ﬁﬁﬁéons skilled in the art upon

de

reference to th scri efore) intended that the appended
cl ai ms enconpasde afﬁif“‘é'ﬂ’é‘l‘i“’%‘ﬂldf thess dlifficuiiesdy the fallowingdasigs and procesginpgvationp > 14

CLAIMB 1. 1Aadui@h, sd.mwrd{ngrmmermnmdma@r m@mmh@almmsaoﬁmercam d@ﬁ@ka@m be

t t ed t d t | t
| noul B R e prea e o8 Foics ARt op g i R PP AT RS i T h s o
first car rdignate layrdts adch bsetmadinggpadsippdtionsiaiing the sides bthe dricwitahipt Thehinypti a abecond
k d ] . i d
Pr ot oy DRRPIALAAs BB nlroTp FRebfy o i Gl o Mot G ADRE A £° 25,
second pachabpsed in erdesdy connect thgichip igkminaisdhonding pidsp the cdndey Fontgettphdr durhesmase cond

el ectri calyeidfsulpday BQm&i@BHIEBn Eﬂﬂmtsﬁs@ﬂﬁwoﬁﬂﬁ&h@t\dm\{c%nd'u&Uftdlepat tern
i nt egral W th salg second carrier, and at |east a _second sem conduct or

circuidV crpssomaiygseddy elwg@&fo%m%mﬁm .% fq"ew& sepopmeeaspaeden tePhYbireans

for modi f yidndsotréterred (i 16 MEfe4RDRAM@PAN UG N Oof said nodul e; wherein said
second pattern J gdopfgd. 'A%Ek &Pﬁhgﬁﬁ{l{,}%ma%&%oﬁ %:u@&?ﬁﬁ! rg& RYL $6 OF
sai d second device are no are e |nputslo uts of said first

devi ce, while theMpbxans) #medoublfngﬁhqeapeﬂrl@e@drthq:casamﬁt@m [cachrirtippdsicct er mi nal s of

said second dew ﬁl@iS"ﬁSW&ﬁﬁf&t)‘dévl@@ccﬁhﬂﬁb%'toﬂiﬂﬁia%Woffzﬁfmxﬂ@lﬁal&frcf&%dd
first device. nodul e CCOI’dI 8?1}0 clajm 1, wherein said

second®’pat'P &1 “f‘@/‘edw‘?)f‘aﬁg@m“ \? r‘r‘%/escﬁﬁaﬂ‘yfal‘ o ppue Wé‘}‘“él%d‘tvﬁé el ectrical
i nput/ out put of the nodul e acquires an exclusive conbination of the

el ectrical inputsloutputs of said first and said second devices. 3. The

hi gh density nodul e according to claim1l wherein said first and second
devices forma stacked nodule. 4. The high density nodul e according to
claim 3 wherein a space is fornmed between said first and said second
packaged integrated circuit nenory device, an exposed back surface of said
first sem conductor circuit chip being disposed in said space.




2 30~ C 2002 15 5. The high density nodul e according to claim1l wherein
said at | east one sem conductor circuit chip in said second Kk i é
the sane type as said first sem conductor circuit chip in sa%éfﬂ@ iﬂﬁ
package. 6. The high density nodule accprding to claim1 further conprising
four packaged integrated circuit device electrically connected. 7. The

hi gh densi uh e ace ord to cla rein e| p grated
circuit de'%‘/'%/"cteos“cgjléérheeméﬁ“ r‘iecs:‘:a(‘jjli 9" tce:r(')nrslﬁe"c‘?]d"las e g f“" V' 1 @%E’q’gﬁ%ﬁﬁﬁgﬁ?e

accor di ng thapalsleghtrorll iinemes devicesinky bé stacked @afdmstb@mﬂdle panﬁdm}@demfv@gvmhed

circuit dewifas o?gamzﬁa@&s&.um@{n ﬁl%dllﬂﬁldasavﬁl SRy s3dnBY perfils &hﬁmnw.c%l ! y
i nsul ati ng carrier avl n Irst an secon surfaces an outline and

openi ng; é’“ﬁ‘lSEFI“&’EP?WF“EP%’@MW‘M2@&%%’?“@@’ ?Wl"ﬁ&*’%‘?'}‘ F"fi@'eT'Fﬂfé@fr aI
W th sai doma.rcrrgaﬁrrzataﬁah@mmaﬂmemgedtdamuaahgbmpem ng; said strips on the

carrier of sai X deyi ce hein omthe strips on
the carrier of %;af ﬁ'jefeé'{ }ﬁagew cLean '8'? é’t@‘“‘i’h"éy %:Iy '(‘f"?ﬁe{e&q)c(? ‘h?'émbf)r 0Sani zation of
sai d nodulisuisiutpmoiwiichddvecobgrativaedd 4sa gtdaginordgieto addess trmanforyatedte, iThei vi dual

devi ce; a .l urality,Qqf. Qg .0 on
said first BJﬁ% sdé)cozrlﬁsf'“soﬁ‘?1 Blg%%%yggé'& g géjgiséyégﬂggﬁcg@kg m(aggmg?'gposed
on said fimegprysenatitye Eordesiangs. @eeeﬂMmmqny’mm@ds ‘oegagipadly 4t it isabkrevisgdas of

sai d rigut i“pOMSit x4” RS mahdnak .nbaaéﬁpuemsveqa‘besaivstemmgﬁe;t inRRIESo shdmséad on said
second surface bei n%‘ggéect rical I connec sai d

out ! n” ST <O PaSe Wt Ghreping Ergri ORI B EETng ARG LERGHe of
sai d pads ddvi&pwmnwns $@mtﬂmhnvp@!s/bm|ofmteemh t Simigly: 84 MBS nEmogyanaulp&ds

di sposed Qp,.Sai '?QW&USQJ ACEra s &G conductor circuit chip adhered to
sai d second surface of sal carrler said chip having at |east one bonding
pad; bondi ng wfl@3 l%qsémhﬁﬁt@ﬂwﬂ@@ﬁﬁem\vﬂ@@ﬁﬂ'ﬂ"'@lﬁp Dagﬁﬁ@ aregyi 64 Mgt ng pad to

at | east qiNPievRe(FOA-BEAMIORIGLT lllﬂﬁtes%‘ileﬂﬂ&ﬂi)ﬁwla%%élgleﬂﬁt»ﬁih'u% hink b3 N9
sai d opening to cover_ said bonding wres and said | east one Et’)eon di ng pad.

2 3DE C? irs gurfgce 3t cThrougieopeningcly. RAt plcthy qircyiunbace dda optepiserupter Hrepilehigi m 8

wher ei N sab dande keerll DE[)()SIQB omm fffice PRARI mgrmaumdam 15 RiHd pRRERIoNGe fuaig a
single row of pads I nt egr ated _cirguit ,pa accordl ng to claim

8 wherein cg%iif“ag’bf"ﬂ?%ls?d?i/a of TGS R e S1rips, foom & RRpeL) r’i‘ﬁ‘f‘f‘?& Wis e et ng form a
first r pwcorine@anksfmautbpmmgburtdmwmn agrdéhrmi Is aldtion trersiiveplawlty of cswaoprds r ow of
pads agj agg E&d 14 Qe Rl BIPR{?H shﬁacéil%f ' 6n J?\?a@t' p%& 33 J:Jddcr-mﬁ 315 Bk GekRued

circuit packages accord g ['al m I ncl ud Ineg,a east one bus
bar i nt egragd ongoutact gads 3 E!‘aﬁtr“rhéﬂds ofthe 'EP'“éit‘g weeaﬁ arg)yeldady Shetpalf ends @icines Fal | y

connect ed g laemk@msﬁon&aeo@fle&l@lbdn&@rpm@s CAEs p@hssm&edmnmsar.dda‘u rst and
sai d secon | surface sai.d hondi ng

Sads. 15 M e e roncie st e st e BB ST oy &R T s
i ncl ud| ng at | aaBIG. Bierened sgiaboldnasigned to ek efdheabldaballs pals 83 wnie efurighi d cont act

ds di ) !
Decor o ng ainaP S GHee itk Bk e raabna I e bBRESLALGREL UL 1 RAGERATS
at | east dlraledfc unddr dxswma@pmmmbolmoslpww upiyeraghnepning.derieptanqgr Ysa dus,

ground and Vcc for power. Most of the symbols, however, vary from one device type to another device

type. The symbol NC stands for “no connection” and indicates that for this solder pad, no routing strip is
connecting it to any wire contact pad. Itis of crucial importance to the invention that those terminals
30  which serve as electrical inputs/outputs of the device can be rerouted from contact pads 34 (and thus
indirectly from chip bond pads 38) to different pads 33 by simply redesigning the pattern of thei- routing
strips. while those terminals which serve electrical signal, ground and power connections stay unchanged.
Those critical routing strips are highlighted by reference number 40 in FIG. 3.
The rerouting of routing strips 40 is technically easy and does not add cost to the device. In well
35  known printed wire technology, the routing strips are labricated by laminating a thin layer of copper over

the insulating carrier 31 and masking the desired pattern before etching away the remainder of the copper.



14. The integrated circuit packages according to claim8 furt her i ncl udi ng
at |l east one solder ball |ocated on at |east one of said con? ?jgoug
di sposed on said first surface and at | east one solder ball Tocate t

| east one of said contact pads disposed on said second surface. 15. The
integrated circuit packages accordi ng ti® cl ai m 8 wherein said carrier
further igeludes a aV| |n sal Ipis ag edto said carrier
in said caV/lI’fyer “¥s® ﬁf&‘ %‘gﬂf%& E'Pyrb(?ﬁi’ H}zgﬁf@%s" %?8 Beg o claims
wher ei n S@Odied]uchblldcslarl’galnl’lhﬁ‘layblil@mtcbmﬂdmm sipy 494s schmccqmudhbq/bmhmcd;f sai d at
| east one of said routing strips. 17 A net hod
for the fé‘ﬁ?&g%{\?gﬁ ugw%&rCEEQ%%%l r'mem)ry nodul e conpri si ng 23 EC
Q002 16a provi dG¢ aed FIGr dispfaz sirakified ardrehewytia tap riews ofcllgri ﬁ‘]/MH'éV? &€& havi ng

t he { eip a |§ {«bﬁb x@'W aelaaésl »%mﬁh B itlerfchl Bitest A wrﬁﬁonmefrurﬁérs &amai RO ]'Eh\é e t
routi n attern ngtegral w S C a I rs
seni cogdgc'l"f)‘FmE:lh&ﬂ' tig g fprm "d??ﬁ@f Bﬁtf‘Fg‘{"H“éH@éécf and, aﬁ%@‘ lf‘ﬂﬁ\? ’a'ﬂ%d circuit

menory dewcmEeshavxcmgvd:dmbmatizmeftwwnchl apestdutpis aF thy ddviess BIGH hgnchaE Wi er and
lsgggtndacgerbgglget eaS uerﬁ:] wC 51 gc]egtlcgltl?tiloseot{lﬁee 5:(‘%|m WGt%] aré ‘?ldlgdte%%ff &ngam% f rri:n%é agd at
second dewum@rqa@msfaﬁ}d fIm«sms dewdemsalvw\earecbyr. slm bbndlnswtk ﬂndy sheemdsoelew ces
form é}onvq]]elbsnd..@rai% oG R E&nmgdhc%s gaa@mwcbm BadH4 R BRG&ET N such
that the electri ca I nput s/out puts of sard second device are not shared by
the in put Mwyngheneed e ths gssignment W%@W’%& P oEthesp eonfagt pads 44 8t thgfarrien e
el ect _r| C alwheh gdival eleatrichl agmgpo“teegnmgma]d&om&us@ d second device is shared by
t he signal and qoower ter sai d said s

t

Conducti e rou il st B AP, Bt ol § s AR B findesg °°
excl usi ve tieletie@ chriers &l FG.t4rand HiG. § avpchiggedin bplertteacqdiresizieskligive omdindtinnio€e and
sal d ikt So el of GERGHR] VAN deytl o AB S IRIRAGIGRE ndARE-AR A gl AcCOr di ng

el n sal secon evice IS ectrica Yy connecte and
st acked t devieiofiFIG § byt terphed) fdg dce\hdngehyyierd s 'ﬁlméem@i g isrhased preappleiapthe oRid i r st

and sai d $@@mﬁcmﬁe RIS u&hﬁan@h@dutﬁhsro@kae mmpsavnedmm@mmwﬁm%ed back
side of said first sem conductor circui % di sposed in said space.

19. The nét TBETesUYs offtbpspletign %Hb%%'r&bhé Wcé*reaP'Fﬁl af (WPé'Pé‘ISﬁ““P‘Wé‘ fett ep of
eljg(:t ri ca:mpamrpemma:unasaamamasdalﬂutlgmeétur 16ibytd mihﬁdemmmmecmpudng?]smmer |
addi tiQna circuit sai irst an
secon 8paC ﬁl%&e(}étﬁgconnecm§ tesi)eqween Loids r%%\ {a%gga%\.ﬂi grgﬁzoélﬁ)él devi ces. 20. The
met hod for f abrThesdnieostatae fothelsatdgr halls lsbiasenmbl?thvﬁ'@ﬂey-nmdlrﬁéesshaetpe wriceleect ri cal
connect i o aRdafl AGHdcRE ol B‘p&[pahngéy Ep@&&?tl ng six additional packaged
integrated circult menory devices to saloi first and second packaged devices
to forma nodul e of eight packaged devices. .ASe. Ay . Ay

.Ay. Anr. A@Q.. AS9. A(L. AL At .A .A.A%A Ay. Ar. A As. An, 60 x*Rz? ¢

09ET¥§} xsni d_Z] ca] ca] ca] ca] cal] ca] ca] c(a] ca] ca] C: a] ca] cal] ca] caU] ca] ca] ca]c
a] ca] ¢a] ca] ca] caU] ca] ca] ca] caU] cal] ca] ca] c*a 'R T
B" $t $$&&&() | w mhc” Y] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] c(a] ca]ca]ca
]calca] cal ca]ca]ca] cal]ca]calcalca]calcalcalcal))\))*f**$++' , ,,.> .. -/U/O
60E0(00112P333Q444| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca
] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 4Mb55V666678;
; F<UWe#=~=) >x>>>>@@abQDD#EBGMGgGGFHz upke™ [ V] ca] ca] caV] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] cal
FH 1 ni3fT | QJ YLLNCEPPb QQRRSTU UNVWN\K#XX1Z2ZZ
[n[[| wnmhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c*a]ca]ca] ca]ca]ca]cal]ca]ca]c
ajca]ca]ca]calcalca]calcalcaljc*alcalcalcal[(\\)]] T **_ " Sdbdddd2eeeggChi
i 5 klyloo7ppp{vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca
] calca] ca] c*a] c*a] ca] caV] ca] caU] cal] ca] ca] ca] ca] ca] ca! pgqrJs{t Fuu@vyLzz!/1Z

, 80wz} } xsnhb] X] ] ca] caU] caU] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c*
a] c*a].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a! Thoi kW #0' _| wmhc”Ynhb] X]]] ca
] ca] ce?]sca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caV] ca
UV] ca] ca] caU] ca] ca] ca] ca] ca] caU] ca i s=?MPWG=Zp
p| wmhc”Y]]] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c*a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c*a] ca! FY; "] 9Re
c}}xsnid _Z]]]]c*a] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]c*a]ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! H 9Re
cQ}}xsnid_Z]]]]c*a] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc*a]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca6O i K-3 10%



UE ()-3°9110% U& ()- 10% U& ()-LT10% U& ()- MLO% U& () - Ss10% U& () - $SI 10%
U& ():-\xB~\:-3 I #10%U+U& ()-!#10%IrU+U&'()-SSM 10%

Ug' ()-! 1#109%U>Ug' ()-! #10% U U8 ()-3 10% U& ()-*Re? ¢ a@3 ! 2 3 DEC 2002

D $10%0Q% ()-33L$S 10% & ()--! Ds! #10%0M& ()-@ @L0% U& ()-310% U& ()- 3@
10% U& ()-c Z\/9BzX6-!i 7T@10%V& ()-! 27@109RUGUE ()-! 7T@10% & ()- ' $10%
& ()-3!'D ' $10%Q () - 3! D $10%QW: ()-z,ﬁw@sm 109& ()-!$10% & () - $109%& (
-, t109%& ()-!1y' 10%& ()-Z 10vv 10vv 16W¥lavk@ 10 10

?m, (1098 () -, " $10YE  dunectid ROEss(op Pkssk QUR1ef3 Selbdody Lopic DR BBUK@

16 Mbyte x8 Carrier Type A Carrier Type B
5 Ball Solder Ball Route to Solder Bali Route to
Assignment Name Contact Pad Name Contact Pad
DQ! DQal-DQ1 DQ1 DQ1 no connection
DQ2 DQ2 no connection DQb1-DQ2 DQI
10 DQ3 DQa2-DQ3 DQ2 DQ3 no connection
DQ4 DQ4 no connection DQb2-DQ4 DQ2
DQ5 DQ5 10 connection DQ5-DQb3 DQ3
DQ6 DQ6-DQa3 DQ3 DQ6 no connec.Ln
DQ7 DQ7 no connection DQ7-DQb4 DQ4
I5 DQ8 DQB8-DQad DQ4 DQ8 no connect\on

Giving the routing connections the reference number 40A in FIG. 4, and the reference nuinber
40B in FIG. 5, the figures display the selected connections together with the names of the respective
solder balts. In FIG. 4, the routing steip from DQal-DQ/ connects to contact pad DQU; the routing strip

20  from DQa2-DQ3 connects to contact pad DQ2; the routing strip from DQ8-DQad connects to contact pad
DQ4; and the routing strip from DQ6-DQa3 connects to contact pad DQ3. In FIG. 5, the routing strip
from DQb1-DQ2 connects to contact pad DQ1; the routing strip from DQb2-DQ4 connects to cot *act pad
DQ2; the routing strip from DQ7-DQb4 connects to contact pad DQ4; and (he routing strip from 17Q35-
DQb3 connects to contact pad DQ3.

25 Two packaged 64 Mbit x4 DRAM dcvices, having identical chips and identical wire bor.'! ng
diagrams, are electrically connected to form a module. One of these devices has a carrier of lype A as in
FIG. 4, the other one a carrier of type B as in FIG. § (for example, the electrical connection can b
achieved by “stacking”, i.., reflowing and joining the respective solder balls). With the connecting routes
of carriers type A and type B selected as explained above, the combination of the two devices rest-lisin a

30  module of modified architectural organization. The module belongs to the category of 128 Mbit .4, or 16
Mbyte x8 DRAMs. The pattern of the connecting strips in the device with carrier typc A and the yattern
of the connecting strips in the device with carrier type B have been selected so that the electrical
input/output of the module acquires an exlusive combination of the electrical inputs/outputs of the \wo
devices. The routing of the connectings strips In catrier type B compared with carrier type A has seen

35  selected so that the electrical inputs/outputs of the device having carrier type B are not shared by the

inputs/outputs of the device having carrier type A, while the remainder of the electrical signal and power
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having camer type A. AsFIGS. 4 and 5 show, the device w1th camer type A has one set of DQs not

59$10%

1013109 (rduredOrkiQ He& abvice. “&Q%&% B )nbs the coﬁm&E&QIg&th;‘V B85 {1k routed 08Ghe ftherz 10%6&

& ()-110

i) 30 AT e gy

Q%I“‘.l‘b“ﬁ&ﬁe 5%0?‘65}&%" %G . >, .. -/ U dELC!

, 109385 ( ) - +! 10‘1@?&0(11):v1ﬁg]1@é’/€ﬂ3&m(abco(nﬂcdl(bﬂ/@he(d)ewce]lﬁ?[ﬁ?ca(n):r—:& @B BOMBSick havide/ 03040506

0EOGDLC
1096G& ()

h& ()-@

! PRI i ey et faltg b it okt Rab B kb cripa sgomected e
h&' () - L10%sshetie)countarpagn Mg thy modutgglumfornell isaddmsed MBS BMGitha@ e Fread" Jor & 10%
N () 2100 ke R e A A DA i SSVBEE R ABAGLY o 10%

"10% h& () - % h& ( % h&' ( &) -, 10% h&

10%

; C<D<} A <. camoipqasion ax@mfomﬂ)& W‘F &"‘t‘)‘"‘ @‘@3@@%‘%&“{3)“"“‘3'1‘(/ hitiog! ﬁ%‘ﬁﬂ& Qgsl nfY( y#10%

& ()- lbDY(twﬁhllQ&/dﬁdbr%c(aoamc SEabRIoId&is (kadlagbor FelitmPdiabir bng dhd thOxinifalivd®  10%

U ()-@,
10xf xf) >

15

20

25

30

35

. s e 'eiﬁm?%‘wg%%ﬂ%ﬁr( Consiont T Mdpis B ot 11 006

and has a capacity, in 8-bits bytes, equal to that of the individual devices organized x4.

When the module is addressed, each of the individual devices is addessed at the same time and to

the same location. For “read” address: Device having carrier A will read [rom the addressed locations

and get 4 data out from the DQs specified by the connecting pattern of carrier A. Device having carrier B
will read from the addressed locations and get 4 data out from the DQs specilied by the connccting pattern

of carrier B. For “write” address: Device having carrier A will write to the addressed locations and put 4

data out into the DQs specified by the connecting pattern of carrier A. Device having carricr B will write
to the addressed focations and put 4 data into the DQs specified by the connecting pattern of carrier B,
For both “read” and “write” functions, the DQs complement the 8 inputs/outputs of the module, since the
connecting patterns of carriers A an B have been designed as required by a x8 organization.

FIGS. 6A and 6B compare two embodiments of the invention. FIG. 6A depicts schematically the
module described in more detail in FIG. 1. A first packaged memory device generally designated 60 is

electrically connected by mechanical stacking to a second packaged memory device gencrally designated

61lin order to form a module. The design and function of the catriers inside the packaged memory devices

60 and 61 are described in detail in Fig. 4 and 5.

FIG. 6B illustrates schematically another embodiment of the invention. A first packaged
memory device generally designated 63 is electrically connected to a second memory device generally
designated 64 by means of inserting a metallic leadframe 65, shaped similar to the standard “J-Leaded
Small Qutline” (SOJ) leadframe, between the two devices. Devices 63 and 64 are atlached to leacframe

65 while facing each other in mitrror-like position. The respective terminals of the same name, together

with their solder balls, are connected by the individual leads of the leadframe. The design and function of

the routing patterns of the carriers inside the packaged memory devices 63 and 64 follows the logic rule

of exclusive OR analogous to the design of the carriers described in detail in FIGS. 4 and 5. As described

in detail above, the result is that one sct of 4 DQs is connected only to the contact pads of onc device,

while the other set of 4 DQs is connected only to the contact pads of the other device.
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referred (0 as 16 Mbyte x16. The cross section of an example of such four-device module is shown
schematically in FIG. 2, comprising four board-on-chip ball-grid array devices. According to the
invention, the chips in all four devices remain the standard 64 Mbit x4 (also referred to as 16 Mbyte x4)
10 DRAM chips, and the bonding diagrams of the wires 77 (see FIGS. 7 to 10) from the chip bonding pads
to the catrier contact pads remain unchanged in all four devices.
Applying the logic rule of exclusive OR to define the routing patterns of the conductive strips
integral with the insulating carriers of the four devices, the solder ball names and routes to the contact
pads for the electrical inputs/outputs have been determined as shown in FIGS. 7 to [0. In FIG. 7, the
15  connecting routing strips are marked by refence numbers 70A, in FIG. 8 by numbers 70B, in FIG. 9 by
numbers 70C, and in FIG. 10 by numbers 70D (not shown in FIGS. 7 to 10 are the remainder of the
connecting routing strips, which are common in all four carriers). As in the earlier described embodiment
of a two-device madule, for achieving the electrical connection of the four 64 Mbil x4 devices, cach
having one of the carriers discussed in FIGS. 7 to 10, each erminal is connected with its respective
20 countérpart. The result is a module of 256 Mbit memory capacity and x 16 organization (also referred to
as 16 Mbyte x16). When the electrical connection is accomplished by reflowing the respective solder
balls (“stacking” of the four devices), then the resulting module is indeed of “high density™; it exhibits
minimum height and occupies a board area not larger than an individual packaged memory device.
While this invention has been described int reference to itlustrative embodiments, this description
25 is not intended to be consteued in a limiting sense. Various modifications and combinations of the
illustrative embodiments, as well as other embodiments of the invention,will be apparent to persons
skilled in the art upon reference to the description. It is, therefore, intended that the appended claims

encompass any such modifications or embodiments.
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a first packaged integrated circuit memory device having therein a first electrically
insulating carrier and first conductive routing pattern integral with said first carrier, and at least a
first semiconductor circuit chip;

a second packaged integrated circuit memory device electrically connected to said first
device, wherein said first and second devices form a module;

said second packaged integrated circuit memory device having therein a second
electrically insulating carrier and second conductive routing pattern integral with said second
carrier, and at least a second semiconductor circuit chip; and

said second conductive routing pattern including means for modifying the architectural
organization of said module;

wherein said second pattern is routed such that certain electrical inputs/outputs of said
second device are not shared by the inputs/outputs of said first device, while the remainder of
the electrical signal and power terminals of said second device is shared by the signal and

power terminals of said first device.

2. The high density module according to claim 1 wherein said second pattern is different
from said first pattern whereby the electrical input/output of the module acquires an exclusive

combination of the electrical inputs/outputs of said first and said second devices.

3. The high density module according to claim 1 wherein said first and second devices form
a stacked module.

4. The high density module according to claim 3 wherein a space is formed between said
first and said second packaged integrated circuit memory device, an exposed back surface of

said first semiconductor circuit chip being disposed in said space.
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5. The high density module according to claim 1 wherein said at least one semiconductor
circuit chip in said second package is of the same type as said first semiconductor circuit chip in

said first package.

6. The high density module according to claim 1 further comprising four packaged
integrated circuit devices electrically connected.

7. The high density module according to claim 1 wherein eight packaged integrated circuit
devices are electrically connected

8. The high density module according to claim 1 wherein said first and second packaged
integrated circuit devices are each further defined as comprising:

an electrically insulating carrier having first and second surfaces, an outline and an
opening;

a plurality of electrically conductive routing strips integral with said carrier and extending
into said opening;

said strips on the carrier of said second device being routed differently from the strips on
the carrier of said first device, whereby the architectural organization of said module is modified
compared to the organization of each individual device;

a plurality of contact pads disposed surrounding said opening on said first and second
surfaces, at least one of said contact pads disposed on said first surface being electrically
connected with at least one of said routing strips, and at least one of said contact pads disposed
on said second surface being electrically connected with at least one of said routing strips;

at least one via electrically connecting at least one of said pads disposed on said first
surface with at least one of said pads disposed on said second surface;

a semiconductor circuit chip adhered to said second surface of said carrier, said chip
having at least one bonding pad;

bonding wires electrically connecting said at least one bonding pad to at least one of
said routing strips; and

encapsulating material filling said opening to cover said bonding wires and said at least
one bonding pad.
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11. The integrated circuit packages according to claim 8 further including at least one bus

bar integral with said carrier, said at least one bus bar electrically connected to at least one of
said contact pads disposed on said first and said second surfaces of said carrier, and to at least

one of said bonding pads.

12. The integrated circuit packages according to claim 8 further including at least one solder
ball located on at least one of said contact pads disposed on said first surface.

13. The integrated circuit packages according to claim 8 further including at least one solder

ball located on at least one of said contact pads disposed on said second surface.

14. The integrated circuit packages according to claim 8 further including at least one solder
ball located on at least one of said contact pads disposed on said first surface and at least one

solder ball located on at least one of said contact pads disposed on said second surface.

15. The integrated circuit packages according to claim 8 wherein said carrier further includes
a cavity
and wherein said chip is adhered to said carrier in said cavity.

16. The integrated circuit packages according to claim 8 wherein solder balls rather than
bonding wires electrically connect said at least one bonding pad to at least one of said routing

strips.

17. A method for the fabrication of a high density memory module comprising:



1 1099& ()-  109%& ()-@ F10%& ()- S& 109%& ()- 109%& ()- 3 ,,

109 () --_#0|[:aT30 3 11008& ()- ,#10% % & ()- @3y 10%& ()- SL0%& ()-
& 109894 ()-, 3 "1094& ()-0' |[:aT30 F) 10%4& ()- Y%ilO%?/g Q)BEC 2002
YO#10% $& ()- #L1000& ()- " S#1098& ()- s#10% % & ()

C1#10% #' & ()-M 1#109& ()-M FO! 1099& ()- S, #1090& () S, #1098& () -

*1099&' () -i bA310' #' 109% 9%& ()- F910% 9& ()- F 10% 9%& ()-  L10% 9%& () -
| "y109% 9& ()-10' # 10' # |[: A310' # #10% 9& ()-: ,#1098& ()-' ~,#1098& ()-'
 H10% %8 ()-' Y 10% %&' ()- F 10% %&' () - $6&=>?M obU410

#1090 () - 10r %4.0r 94.0r % YF) 10% %& ()- ' :!10% %& ()- 3 &10% %& ()-

“#1098& ()-: MPWAG [ bU410 "1 1098& ()- s$L09& ()- @ s$L10%& () - @
s$10%& () - @ayidiyaasitst papeawi (ntegraidg| Firdi remash 1dBMaR’ havingktieremoaxefins) -

yrroomeet =i SO bar s QY et on Midpisio net S AR B S st sarr

L! 1098484 6} leasisl reQaRnfiTordustod W@t ghi;, s$1098& ()-f 1098& () -

o1 v1ove! (PO EEIH S Qe ey i Yo i bl ()
0&100/mcwoally e ulatsg cairies angd SBOFHR CONALBHVRY (eLtiDg spgﬂmln(gg.ral with said second
ARG REATEDBAIGAS L ba) IR - S10%8€ () e el V0
s$10%P/& () <cogmdating \electrically Ee%?/&o(opd desiceomeaid first SteQivRAViierelsy saidowsigand -
$10 é%dd%vfé%%m &r?oﬂj'_', ZlOWe&' ()- #109%&' ()-110%40%10% 810%&' () -

2$109 10 "$109%& ()- = $L0W& ()- = $109W& ()-
$1090& () - struguing@aid ecor$11@wmctv -rptingvitadtem SUC$11tOME(e)ectﬂca$momu¢9uts

5&109 0 $:

Head”?éﬁgs%%féw%% i ﬁ?@f@@%(%n i R udngs, PR sl R0 IS,

" Headirergaifi@ércof thH@dm:ltnvgl sighal' andl—lecmhrrtgrngeqle bAsaDeefeg;gm dpap@gar gpahied by the
Font DX k?B" & $+G U (0357D<) >zAJFnl YLPTWY[ _Sd
jyl pJggggfqmé g%/é%g%gfg ﬂ'\‘lg}a%iﬁr?gnArl al) Courier New' h) Rgot " [sde
Ent r y Whedibo caaice sebond  condsaBve routing, palierg4isgmrgdided by applying the logic rule of

<=>? GRGREES bR Kb MO GBTALAVING obipui R STk MBORY Shi ey Hdt}device,

respectively.

18. The method for fabrication according to claim 17 wherein said second device is
electrically connected and stacked to said first device whereby a space is formed between said
first and said second packaged integrated circuit memory device, an exposed back side of said
first semiconductor circuit chip being disposed in said space.

19. The method for fabrication according to claim 17 wherein the step of electrical
connection and stacking further includes connecting two additional packaged integrated circuit
memory devices to said first and second packaged devices to form a module of four packaged

devices.

20. The method for fabrication according to claim 17 wherein the step of electrical
connection and stacking further includes connecting six additional packaged integrated circuit
memory devices to said first and second packaged devices to form a module of eight packaged

devices.



