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30  Chip Size Package™ has been filed by Texas Instruments in Singapore on 02 July 1997. This patent
application for memory products successfully approaches the problem of reducing the area requirement by
replacing the traditional leaded package design with a solder ball co'nccp_l.' In addition, it offcrs a
reduction in the height requirement by replacing the leadframe-on-chip assembly with a thinner and more
flexible board-on-chip design. An improvement in device height reduction has recently been sabmitted to

35  Singapore in a patent application catitled “ Thin Chip-Size Integrated Circuit Package and Mcthod of
Fabrication” (TI -- 25689, submitted in December 1997). It describes a modified layout of the electrically
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It is an object of the preseat invention to leapfrog to the memory capacity and organization of the
next generation of products without redesigning the semiconductor circuit chips.
Another object of the present invention is to provide a design method of electrical connections, as
35 well as a low-cost process for fabrication, for parts of small outline memory packages suitable for
producing stacked memory modules.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1 and 2 refer to prior art. FIG. 1 is a simplified and schematic cross sectional view of a
30  module made of two board-on-chip ball-grid array packages. |
FIG. 2 is a simplified and schematic cross sectional view of a module made of four boarc-on-chip
ball grid array packages.
FIG. 3 is a schematic top view of a individual board-on-chip ball-grid array 64 Mbit x4 memory
device illustrating the plurality of electrically conductive routing strips integral with the electrically

35  insulating carrier.
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As defined herein, the term “packaged device" refers both to a semiconductor Chlp having been

t x4

assembled for electrical connection, and to an assembled semiconductor chip being at least partially
cncapsulated. The term “package” refers to all entities of a semiconductor device other than the chip
itself. | |

35 The present invention meets the requirement for space constraint ol continually shrinking

applications such as cellular communications, pagers, hard disk drives, laptop computers and medical
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el ectricall ymm YheRlkd E}Qg&ﬂﬁﬁ Qwoét%a;d.oﬂ:lﬁﬂaﬁ%?ﬁ &a?ﬁaf%kglgsll_aa%arn% solpér bggaléﬁﬂ a-

first surface a an erno
package haspﬁkﬂﬁFmﬂWyseﬁwmmP 19 whicloean beafer erampley 9 sificon integpatedlict@il on t he

first sysfagmpdet sadh a@ﬁDRAﬂrchl h&vnngﬂﬁl:aflﬂ’tﬁlcﬂ paﬂgéf&ﬁﬁ%%()”nﬁ]h‘lﬁéar rier 1 1.

These routing_ strips f é pattern 5 constitute a network of

connect i ons sef"éfP“"é’F‘%‘é!‘Wl‘Qﬁ%‘ gyt HlﬁfacerlBWé‘F a hﬁq'eisusfacg Aeh. E]a‘lhrl’eémgelfwhﬂ has an

addition, t h&irﬂ:allyﬁnsalaﬁﬂgl%ﬂd it béfcﬁf:d 16 Qsﬂﬁﬁ@imd?‘aﬁﬁmﬁs firsdsddacd N a&&bseaﬁ.ﬁos ited on
t he flrst syr rrier 11 has

the silicon® ‘]%Fegﬁié’l ﬁlfefnéo&\ %aﬁﬁ ?aSkaFetl?s %@Fﬁlﬁﬂﬁé’ﬁﬂdf’“gt‘f‘em'i“f% SRS dFPfﬁ‘Ec"t"h fre -
second sur f finsteurface 11a of Gfrieb! If aud timis belrg iotegral wiith cabrie i ac:mesa.nﬂmgefnpeh*rpa 10. The

at t achnggt %@&e\mnd &mukeea e%k%ﬁgp&moqs Do cﬁ.ca?gm{d aq%wgmngé%ngn 1R gghesi ve.

| ayer 14. Carrier ectric duch as

the epoxy r¥diigm ﬂ’F\f-"AsaPI“m‘“Y of cqniactpads 13, Jéﬂ’@él{bﬁ“ms’%wh e !§§Sutf4ce(b|®| pamsicr

Al ternativelly, a polyl mde-based carrier nay be used. The _ adhesi ve
doubl e- si ded adhesi ve pol yi ni de

| ayer 14 may be pgade of , faor. exa

t ape. Garie 1 P'@éFhF F'[a“?m i@%”@&@@ isseqendpurface L1hguchgbthis srgongsurfape o
openi gg is Bllblfarcenjhmdntbyrfaeom afhip18.0The attachment Héd%&ha&é}r!mhﬂ cfxipflgk eh: @Wgﬁ;f ‘pads
13a adj acen Ere peni.n a econd. 1o s 1 :
adj acen?sct oént “'3";[ 51 {j%a%“f'd@ 'sd?““%‘g’ }1?? ‘@"’i‘gs“' aé"“f"d(‘}&\ai\‘l a%'}‘ 8?‘9{ g l%b‘*étds 13a
and 13b reclkehasgypichlly aghickneshof 0.3 mm. Altsrrativelyfa polyimidetbask erricrinayete uded. TREhese vm res’
connect to Jdhgivelayer 1 REdRALS edathple A dbibRARI ﬂﬁé@ﬁéﬁh,’.ﬁﬁd& (th he

central area of é go i(acil pads 13 are positioned close to and aI ong
t he peri pheral fﬁ‘é’g qf eqch packagp has an opening|15. This epepiedsisugnundeddy sonsashiadct pads
13 are sol detrichiferim adfirst fowvdf pacih 132 adjaceet exbélside@r opeingOiSRid¥hedoddroR lof pAAS Bb

Bopl oot onebahy 3 tgfs At of SRl fs” Tt of SRR Fand L e fsgh h o
bars 19 is qoduifthe ghisker piaesdl.| Bieseavinds cohresteo thechipbendiggeis 1 Bifarranged generatpanhang 15.
The bus bargndl fer 8 10. €BhtheY paBOBNRTo8Ebnl Q1S arﬁraloqg{hgpegphepatﬂgdgpcaoq§an4e§ The

bus bars ma
Pll Disposed on these contact pads 13 are solder balls 16 which are necded for combining two or more

i

packages into a module, and for attaching the package to the final customer application boards.
35 As can be seen in FIG. 1, 2 pair of bus bars 19 is positioned parallel and close to the edges of

opening 15. The bus bars ate electrically connected to one or more of the pads 13. The bus bars may



6 serve, for exanple, as power supplies or grounds. A nunber of -

chi p bondi ng pads 18 are connected to the bus bars 19 by wire
bonding 17. If the bus bars are designed as shown in FIG |, they have to
recei ve an electrically insulating filmwherever signal wre bonding
crosses over them in order to conpletely elimnate the possr bility
of an el ect Lk dr 4Aid is Bk ' re ex e and
5 technically un eis?ﬁ%?a ﬁ#ﬁ?z&arr\ggﬁu ggﬁ bong‘ aﬁsh&mcmg'&g e’ }rg’eed

for insul atPBhas ’Wé"ifbh‘rﬂé"‘iy af the bus bmm#@é)&!&tleﬁdhmmﬂﬁ F. thoyhagplomicrige 405, and -
posi ti oned &&&l&ﬁ@ﬁns@lﬁlﬂ{gﬁﬁﬁ wIRAAS sikihl RChohdiy cReded RBGAR, i8R 10¥bmpletely

carrier . 11. I sker wires, 17 (usually gol.d, ‘gold al | oy,

or copper) aFimingts r'll?fé’ass%‘tyeﬂf ay %@t"%’i%"ﬁ'd‘ﬁﬂﬂé‘t pse insulating layers; af cxpenieandheen -

gd{ter ed i7 8 bélnlcﬂl;mndeﬁfaglé.lln olﬁémvﬁertd&fdﬂﬂﬁhf!%yoxﬁlhé gﬁé&ifoﬁmﬁilalhfrh vt bz&oitﬂreba' L St "
et ween e hon ary contai nin e

gold wire- |l§&%d%ér?né’te ik Sr?tinﬁeg L‘ﬁ?&%&ﬁﬂ%& tpa l3€6‘ﬂ'¥‘??ﬂ'i’ &) ‘?‘r'ﬁ"n?fer ° B

t hrough t hecagier Ihwj | | -. create a aire | ooping of ‘exact!ly defined shape For .

i nstance, recentqye, whlsker wirG G ). goRON dﬂﬂ, E&LAPQH"V\?\—% E&.d‘%‘&ﬁmﬁe s%co?xductor L ||

sequential paths of different I00p| n 1ty,. _.
wire | oops $PgA besberagrhered o ‘%%P%’F’Wd"@?é‘@‘#g‘ﬂ%@"ﬁw Aigetrof g@'ébﬁ"bbetween 70 and

mlan uf acmjlr eno pm. “Moving the bonder caprl&f'ytoeﬁtaiﬂhé thé goR1 AR MY ﬁ&d%ﬂﬁcd]ﬁd wr}i'i‘)tnexr eqU| re y
el ectrica e ier 11 are the opening .15
is filled wr& ﬁ“ﬁ%&a %'gﬁ ﬁ%f‘ﬂY wﬁﬁ?%’ﬁ"ﬂ?’“ﬁ? ﬁ’tﬁ‘@ﬁﬂﬁ'&d ENP“I |Fﬂ’e‘“s?(9°‘i et G o)
up to a herlgttlmlcadﬁdvances allow thip forrpatidOof s@yuental bﬂlrsmfdﬁfmr quﬁngdlfﬂgﬁthammlﬂs mmwre "

| oop hei ght :
Si gnificant‘iag/ag?i um o % éh @ﬁfﬂggatféyn%gﬂﬁe l%hser g t nuf“'cg“rfedt he surface 1la
of the carrier. Afterallthe bon ng Pads 18 mtrmslﬂe Qlﬂanalu@mmomm the cdprinn dil avgjconbdated, :
el ectripal th&ip@:h 31 e
carrier cont act I(;g(ajtl ?qgﬁ‘?rgg‘@gﬁ‘ e acl:éc%(r?rnpafeﬁés]ag i b}nﬂ\ E&m:l[o l?'sploaﬂé?%‘t%‘gr
bunmps usi ngtPPYt AHOSAKP onigp of thegpasimwensyisg doop height. rﬁ%ﬁeﬁ.‘t&%‘b the petting mateat willkrisep of
potting or @ﬂﬁﬁﬂﬂjﬂ{sﬁhbﬂ@pﬂﬁﬁhtbﬁ[ﬁﬁhﬁl&%ﬁt)ovcrthcsurfaccllaofthccan%he di ameter, or

t hi ckness, of trl?athertl\ [ bal | sb(kor Sﬁ? er . colu %6 must exceed the

t hi ckness of e 'B%‘f"ﬁbﬂ Wa‘!’ee_?cgﬂcalﬂ’f?“@&'?ﬂi?ﬂ HAeep e Fhinbandingpads) 1 5.

Si nce the Hingthe vdrmieecdntaetpads gannise besascomplishal by isaldet Ballc@Rélder bumps usifddlig-thit0

Bt e | 2o ¢ e S od 0 S R Y dr Bt enliM gl b RS ¥ v g

di aneter of typically
Electrically corﬂ&é‘t"ﬂ?}@Wﬂ%ﬂeﬁlofﬂh?rs@(!&ghﬂle(oew!dmOeb!mh)ymrmsmcatdithvghlclamssnm 11

connect COI’tﬁé}ﬁ&m?ﬁ\ﬁt&naﬂ-@ extendmg over ifleeQlid. %‘ﬂw@fﬂé gl WIR:%(Jpﬁ fifdes 1918:5 Egrt fafUr faces
of carrier 1l W¢th th 'I?;{'E‘IE eat ur% one pack gge can aftach
sol deri ng t%“‘%‘&‘?‘f@r f ARFeolost bafls ust hive the giatiyely f‘r‘é‘tﬂﬁ"@?‘e‘ QWH‘CQ"SE’PB’@?M cal

connect i on®.25andE4 ahl i shed bet ween contact pads 13 of each package.

Such atfachnent kage derr co nly. called
" st ackrirstg I n sﬁP efr?t 'Fﬁ& @8 l"“‘O‘Xn""v'ag!a’c Eg"%f'ﬁ’ﬂ ?m?ﬁ)‘ﬂ%t‘e@ CRIPFFt BRtagteadsidldy ont o
cust omer  ciapdefien salisabals16, gboth surfaces of carrier | 1SWith thisSe@twrec o glack 4ge canbiyatpched by S

faci ng wi t Rolddring fblaﬁ&ll& backdgéi otd@to?&?ﬂ/ahﬂ&rl&@ﬁlfe'eﬁgtrr&ilconm%gc is fslab hed
attached tq carri adhesive layer 14, is w ave its back

surface 10 °‘§’§<¢dé§'&ﬁ‘ Paisf ]It%é’F cach} Pa"kage §t‘°§c?ﬁt‘°q'§°“a°fﬂ’i‘ﬁk§g@ byreldesing is easmepnjy£alied g e d
i nt egr at ed “stacking/l. In stheilai hshnoh,@adk@gcmtﬁ/of’iﬁdtﬂleﬁ:an BeStatile@¥io dubtortrér Greuit bosis.

space is for a evi c The e osed ‘back
surfacgﬁof the {Eﬁﬁcﬁﬁ?ﬁ&mcﬁ'p 1015 5B ‘“%r‘”‘i}%g‘é"a'? ﬁ ltam%a'gsp r 52 Pty s abl e
to dissi pataeacbq‘i'é?%a‘ler lelr\’er!gyls ofgiélrmvdasedmbywdlemeatebachswpuenataxm tineough 35
convect i on s@aghg adiht ﬁid'a@&oﬂd%&aﬁc@ﬁte@r@f@& &iddie eln& t§ Foffh b AbauleAR IR b‘e{ gxposed

chi p back surface of the second evli ce can ssrpa

t her mal  endPaS524HIOBReY Retresh the Bist apdhsesayd) d“r"gﬁl i e F’tBPFe‘i' baclosuffare ofiire abie isTo t hat

disposed in this space 22. It 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 ambicent. To that



7 exposed surface, an.additiona metallic heat sink may be attached

(not shown in FIG 1) in order to maxi m ze the heat dissipation.
When the two individual packaged nenory devices are stacked, the resulting
nodul e i s indeed of =~ . "hi gh density¥%; it occupies an assenbly board

area not larger than an individual rrermry device, and 5 exhibits only
m ni.mum hei ar.e - rrem)ry
circuits of “the %uéfha%‘%nadd"l""? ﬁetam’*ﬂe‘g Slﬁgﬁ' "'t}(e,"‘cﬁ?e§ (mpsmw" ‘assér“]ﬂ' ""‘f)'f‘0

modul e depi M@mﬁemwsmqos abl e to doubl e the nenory capaci ty -of each

i ndi vi dual "chip wnen the tw@ Habialid pacl &ywtad?&glﬁﬂcéﬁﬁ\é ﬁ@duﬂ:fl? itnﬁla%([i fodul e

Is nodified so that the electrica |nput outputs of -

devi ce are rfigh @W&Y'EE“ISWQSWE agseiphli board atepnet @MWW“@%@@IWW%@. and pri or
art, this gaaatb:@wammmhﬁm@m 10. reached - * if the bond

di agram of wre aranect h nlsb 1;'98 t he aqka e of the second device were

di fferent en both chips 10 1n Fits, nhaY Bf%ﬁﬁﬁwmthfﬂgewcf‘%"cé'onnect i ons

i n the packasganbhfofthh modlﬂerdeplctdieinIGet is cble to double the memory capacity ot‘ea@hl'idﬁfliditﬁfch‘)z‘ ely,

* | f each: Cb,“;)lf &9 aééﬁ{eﬁu&%%aﬂ&ﬂ% Ptk anﬁj i ﬁ?ﬁfn d:&i s0 tﬁ‘%‘ lé'E:letftr?CQI l?pu ﬁ#@%&fdﬁct or

term nals 13a er sons s e art o

manuf act ur i At *@W%’QSWWYIWC inputy/outpritsof t!!e sehand fleyice. Inipeiar art, this goal dowld halpbe t hese
two altegnaehdngs are inpractical froma |ogistics standpoint, prone to
manuf act uri ng difficulties, and expensive. Consequent I y, in order to

gai nful I'y enpl oy* #fike bopdigermma wirg canneptionss] 7y the package of thespognd dsyice ware diisent yi ng -

t he organi zation. h&&nﬂn@b&iﬁdfa@’atﬂﬂfﬂiemreconnecnonsmthepack-{éﬁ)flh@ﬁﬂ?&b'i@@& of -the .
known t echnol ogy |§lgg§% vated when a nodul e of four packaged nenmory 20

circuit devices is led as shown'in FIG 2 in an effort to quadruple
the menory capact tfieachfchip 3@ tere des1gnedwﬂled&ffmlaﬁiuﬁortﬂesﬁénﬁl\temhhlﬂﬁl rrpl i fied and

h
bal Ts. The %E:k!a‘éﬁ%sﬂﬂgﬁ o o T e Bl Bty ROy Rl et i, o

t he devi ce gg@ tye ajtemptiyespeq ippractical ﬁonmlqglsuqs stapdppinty\protie tesmenefartadtisf | cat i ons
in this exagicRities € cspetsive. eéonltqacnilf‘ intoRfRr th Bely Shiiby tﬂmg%ﬁﬂ% Eb&w

I ncludes a cavity 110. Inside this cavity, sem conductor chi

adhered to 4] %‘rm‘ﬂﬁ‘“ﬁl’em}@‘%f‘”ﬁef°“a‘§jhes| ve layer 104. Wth chip 100
Eggl ti ;)ned in Ca'vneﬁqadehual:ﬁof llietknma&hﬁbl@y lsl\égﬁﬂféﬂ&{heldﬁﬁddﬁﬁbf fBur phdRa )ﬁ@rﬁor??_b?
Witk encapsul atin rotective oses. Carrier
consi st gb of ¢ gﬁ%‘"&‘fs S e?ﬁgﬁ'q@?ﬁlsx}mw" m%:?é‘z, HE§ %fftf’ﬂ‘bad'i“%&/@? eqry, ARRCHY B eachni t h a
| ar ge openi dryicd (3@, 2ShqwsmeMIlﬁxﬂendsdymauﬂ:@sbecﬁmtdﬁamodmrmwbaby means of soldefal | er

openi ng 105y, i, mﬁ&ﬁﬁ@bﬁ&cﬁ dé\ﬁt%%rcorilsgli]cgedmvc\intf{bﬂg’ar.eﬁElhlilgricgtggéew?%paggg{]&%n%bgc‘iOSC

and |l ayer 101d e cavity

110 for the geimbgd\ﬁla mod@ﬁthgns nggls example. The camer'mlen glepdwdp@ pickage pEFIGT2

carrier 10 1|nﬁﬁde@&/\énﬁtyslllmhdﬂehlﬂﬂnwﬁl &m&g&tﬂaﬁﬁl(ﬁﬁgﬁﬂﬁh Kﬁaml&ﬁbpw mélhs of

conduct j rg{){pg S%W‘% ?%the interfaces of the interned ate

| ayers 101 %n5iygleyef iR éoo positioned,incavity 110, ppssifle. wiereveriesirplis, dog: g chip

connect ed t 100 ®ithy bncatisalating Bhiteriab1 2000t Eotbctipyliposks) Larrishios bonﬁﬁleodf@ﬁ@m:\ﬂyl t he

exposed sur c S n £XP2S sur faces
fn&ﬁﬂt?g lQ}ferd %5}{511 01a \lnﬂ%q{r%ejbggn r@&o%t lté eélatg‘l%)fb C | nc soggsﬁg

of carrier ayer pai r of
bus bars 10@1*1'#!9@“15‘&&05@&?@"8@@0 'eYeethcdeﬂysrmHMtedOicm¢hml®B whichvi as

121 to one @éetmlﬁl%r lfoike f&ﬂpﬁ@&‘ntypﬁﬁlﬁ)rﬂ@é ic: Lt&gﬁip bars may serve, for
exanpl e, as power, sup roungI is preferred that one

bus bar?®09 ser vB‘eaﬁﬁ’é'a‘F l?ﬁ?f’t ‘ffswwfé‘l}cﬂﬂméss"ap'ﬁm#w@h YaTepxpeasiNg. layout of

conductive routing strips 102 along the interfaces of the intermediate layers 101a and 10ib. The e
routing strips are electrically connccted through vias 121 to contact pads 103, which are locdted on the
exposed surfaces of carrier layer 1014, as well as on (he exposed surfaces of carrier layer 101d.
Intermediate layer 101c includes a pair of bus bars 109. The bus bars are electrically connected through
35  vias 121 1o one or more of the contact pads 103. The bus bars may serve, fur example, as power supplics

or ground, and it is proferred that ane bus bar 109 serve one function, such as a power supply, and the



8  second bus bar 109 serve another function, such as ground. The
reason for choosing the nore expensive - multi-layer design of carrier
101 is thepossibility to elimnate the need to insulate the bus bars 109.
Addi tional Ly, the nulti-layer carrier 101 provides a greater process margin
for wre bonding. ~The wB sker wires 107a and 107b are
bonded after e ] o chip ). ¢ el . ' 1 _
carrier 10%.‘@ @égﬁ /a g*‘e*‘%%“’g“?‘?ﬁh‘f‘%%%ﬁnﬂ e(ﬁ:"t'lﬁgns, ﬂg‘ﬂg‘{ %Q'Fetge?%%%%%&%e -
power and gnultirlayer design of carrigmlfé s thicpossibilitriteclimineto tha geed freinsslag thefput arsiP®:es 107a -
and. 107b- ar guRiordng GileGfhiclitycPErRP o bRlAY de@ margin for wird Bddlfing, Thi s mater i al
e il ARRE ot RVARS R 52 margn o wirg Sltn

fills the opening" definel &.carrl er 3/ 101a, 1 .forms at surface in
line with PrBisker yiges 4072 and 107haee bopded gfigpthe scinpegndugtgrichip { fidankeamadhered | ng
mat eri als 126 the eMiféc 2010 Wises 1072sepde sifil dolinebtfons; MdGkres 107b serve pddat 4nd godfl Can have a

rel ativel mal | dignmeter (usual i he e 0 11to 0 5 r qrmonl|
0Dy 4 goARons!' i Tofifg dpa BFbothite oy i IGHR B8 ey s soclpsp imalifl
circuits of120thdhisanstsrial fiflethe apaiag definsd beehiariaycalla and forms i ewfisdeyn lole withe
modul e dCDi il &fostd bufdebot Idjed 1914291 the Snchpdiin Riafid P20 BRI, o BRAR( Y sofler S2Ch
i ndi vidual - chip only 1f the architectural organi-zation of the nodule
i s modi fi edaliiOfcanhae arsirtively il diameter (qspbiy inghesenep @ to 0.5 mm, componlyhdmmd. t he

L our dep :lces ar ewmnhtes&m. m'nw?ﬁﬁgzwﬂw ' H#Igﬁgme%cﬁrﬂégm@g Jg@,mc_éa&ma‘apur
evices. In prror_art, " NS, cou e reached. L S
if the boncﬁS%L‘aPQE?F&WE‘GS?P'%&%P&Q @@MWP&@ ML CHRatily @ seph A f fer ent

pat ]E er ES i rchipaaly if the architec_turﬁl' organiz?]tion ?f tiefmddifleis mﬁﬁnmgagm&ﬂéomcalaﬁ%emﬁﬁé vely,
* if the chips, i I o uy vj ces. -ha n designed.with a
i 11 e ot 10 0f B oo e Bbe oot o Bl g5t a2 ey 5y AL T f k" ©
Persons skithis gad! dopldbéweached: of seni conduct or manuf acturing technol ogy will
apprecigte the fﬁghﬁeb&ﬁﬁxg diferamsRPHE wid cohddififs ]bmoﬂfdtfcﬁﬁ@?fffc%ﬁt}alﬁcgrﬁ ity

i mpractical from og:lws I CS standpol nt, prone to manufacturl
difficulties, and ¥hséyepagkagescosplieamtiishic|y, in order to gainfully enploy the

nodul e of FIG 2 ifhe BRY 100 in each Sthe-foir QéVickHad baRSlEkighed Urith DG LM BPSLL Rk @ has
to be found. %Pe present invention avoids these difficulties

by the follow ng o‘é%‘f‘ldﬁmii'ﬂﬂl ocess innovations. - In addition, since
accordi ng to t hePersomsskilleddrthezet of seentcoidocorhemdicugnghiechalapysvilnappredifi€the httphat

desi gns,yneqg.t 25 y sent .l 10on | i Q
cont 12 77 oq RSP OE oo S AR ol R ol TR RD BB wafiacfing o
| ayout s sucliffiepltiey aprxpegsiysa §onseayenitly.iimondes tozhinfully eripley the toduleaff FiCha, agkewcui t

chip. The ignfdiithr mbdilifeQhe organizatioPtPloib€foudd® devi ces in. which flip-chip

processi ng of sal der-bﬁgpepF chij gi rat her than w re bhonding, is .

enpl oyed in or dee PEseRidpysuion avor t?,sﬁii‘gﬁci‘l%“rsm’ {he followipg fasigngnd pracessipporaansc ar r i er

co lnlt act pads angmn,tsheeraamdmg t_% the invenﬁ(_inhneiug:i thaiéhdingfiiiﬂgﬁr_ngjw tHe hip BedignsOfeedtb Ibé con, .

gal | i um.ar seni or _any ot her..sem coj tar terial . _customarily use

in el ecn‘)tsr onclg’(’:nge abp rgse%r'%c 3‘8? feglies ﬁ“ﬁ'@‘”gﬁ?%&g‘,{‘% se%Sﬁ'i"r‘f@%l‘%asa“feg *8sed on the

64 Mit aliernatyddyofia bushasbeddingipady pesiiioncd albi thdpjdesof the kirdORANS. dBw iryenti #Hif8.  3:

* FIGS. 4 iePto dbHR ' i brigd G Lt X8 (al so
apliedto ghHGs dlnick B-chp polenh %éggtdter%&@e? c%?hﬁéﬁa& lwiifﬁgmthﬁ%t.s

referred to as 16 . ] [ } capacity
and t he or gamioyein ejder ircopnset the ship fermipplp/bgrding pads to the carrier contact pads. Furthmymggg, 7, 8

9 and 10: feRdbicci@Nip@RS bxRdabbiRdon! Sillfufafnide)d? diylotheMemideiiuddpinhaical 16 (al so
(r)?];] 2;, Ir ;gt ?%Hst%%a%gglgﬂ jirgilgm@/nisce@é%f ‘ %ct '(_r)]nlil s[hggﬁlo(yilyg%lnhyd%ngng g:e %z% (ﬁll tftley 64 %EL?: the
x4 (also referred to as 16 Mbyte x4) DRAM device, FIG. 3: _
* FIGS. 4and 5: two devices combined fo form a module of 128 Mbit x8 (also referred ro as (6
Mbyte x8), thus doubling the capacity and the organization of cach starting device;
* FIGS. 7, 8,9 and 10: four devices combined to form a module of 256 Mbit x16 (also refcrred
35 10 as 16 Mbyte x16), thus quadrupling the capacity and the organization of cach starting device.



9 . o Even though the invention is described in terms of nodul es of two .-

or four dewces It is to be understood that also eight, or | 6, ore
nmot e devices may be stacked to formthe -nmodul e using the ‘strategy for
changi ng the circuit organizationgdescribed herein. In addition, as
wll. be cIearIy seen by persons skilled Tn the art, - . other startlng
devi ces (SL@JQ Sughk fhe MRbdtioIRAM P Qf‘?ﬁM gﬁﬁm %EM es,
etc.) or - not g&r eorganl zat |“(‘)’§§ 1 ar?hf(' fl‘gdremse ect ed dgﬁ%bf

bl.ocks. - that also eight, or 16, orggorg deviceraapy fhestasked to fpmethq wodle uma;mwl fomhaneﬁg a.
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25 Two packaged 64 Mbit x4 DRAM devices, having identical chips and identical wire bor:{:ng
diagrams, are electrically connected to form a module. One of these devices has a carrier of (ype A as in

FIG. 4, the other one a carrier of type B as in FIG. 5 (for example, the electrical connection can b

achieved by “stacking”, i.e., 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:lis in a

30  module of modified architectural organization. The module belongs to the category of 128 Mbit =&, or 16
Mbyte xR DRAMs. The pattern of the connecting strips in the device with carrier type A and the ;attern
of the connecting strips in the device with carrier type B have been selected so that the clectrical
input/output of the module acquires an exlusive combination of the electrical inpﬁtsloutputs of the wo
devices. The routing of the connectings strips in carrier 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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i nt ended t 6"9BPLANE pych wedifisatiogs orieppbadiments.sense. Vari ous nodifications and
conbi nations of the illustrative enbodi nents, as well as other
enbodi ments of the invention,will be apparent to persons skilled in
the art upon reference to the description. It is, therefore, intended that

t he appended cl ai ns enconpass any such nodifications or enbodi nents.




14 WHAT IS CLAIMED | S: ' : _ ' - 14 1. Ahigh
density nmenory nodul e conpri sing. a f| rst packaged integrated circuit .
menory device having therein a first electrically insulating: carrier
and first conductive routing pattern-integral with said first carrier, and
at least a first . sem conductor cigguit chip; a second packaged -

i nt egr at ed wHATIY CLARBY 1E: device el ectrically conn Imlmllglumuﬂ[mnst _
device, wherein-~ ~ said first and second deV|ceEu| said
second packaged integrated circuit device having thérefn a secdnd®

el-ectrical Ilyﬂmtdeattymgnanamduméomprising and second conductive routing patter n

integral wi tzbﬁr%t%ac

arrier
o St et oF ke g Bl o b A SRR i 1 o
i ncl udi ng rrean@mefmdﬁrswnduyﬁmgounmmmegrdwﬁ]sm firgirogeieri andwileat afist  of said
nodul e. 2. The%eﬁlcgﬂugﬁréﬁéuh)éh dul e accor ding to daiml wherein said second .
pattern is different fromsald fi pattern wher eby the el ectrical
i nput / out put a¥fond aeka%mceated@qennmorat deviog eleqreicalicopnstiesi tprssid fist deyiceiwhercin
el ectrical |np§dfd$ﬁd@ﬂfdﬁé¢h§ld@vﬁce§ﬁhﬁ*aﬁbd’u&t and sai d second devices. 3. The
hi gh density ccordln erein s attern'is -
routed such f ’%ﬁ” ‘ﬁ@ak"ged‘megé”l e@@?ﬁ“l‘éﬂ’t“%ﬁm\gq@?ﬂﬂfﬁ °6'f’°‘§’él"&“§'é%amff devi ce
are not shar edandyecodd@ondngivg ®iting pgitatndntcefal with slidfsécomitcarricr, and adewt agecond\hi | € t he
remai nder of tg&oﬁllldg&%rlg&ﬁlcﬁglﬂgal and power termnals of said second

device is nal and power terim nals of said first o
device. 4. Tind smogﬁcoa@n%tetgpnmmmndwlummqoq@d@m g Archigpeturad prganizatien f i r st
and second devire@embdilem @ stacked modul e. 5.. The high density nodul e
according to Caim4 wherein a space i s faorned between 'said first and said

second pacRagRdighdensit medulq accprdiag foiClaim faypsreipysaid seqand paerpis fitferent gmepid Bist £ ace

of said first patern whesedirthe elpsiitaltighut/utpaCof th modilledc difttsnig extiusiPOBmGinktidn 5Ethel
h dens; tog Claim1 wherein-said at -

space. 6. The t or.di n
| east one semgﬁﬂ’dﬂéﬁ%‘f’mﬁ‘?/“fsgg?at%@ b‘f s°°°“%d‘§"§fd second package is of the
sanme type asTheigh deisityshodale aecoding twalldm | euhérain sdid sedohdpaitem &aduckd Such gint thackage.
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packaged |ntegra evi ces electr necte 8. The
hi gh density rdeties whilgghsarmuingdes of the. @cmmlanawlrép@tenw@thghtof ypidekcardevicnis egr at ed

circuit devi C%ﬁmﬁr@;mesxgmlaﬁ@ﬁérrtérﬁﬁm&sﬁ@Wi&d 9. The high density
nodul e accaording t ein said first and second packaged
g‘b‘t"f’%l ng

i nt egr at ed 4 The h‘gh(le'}s’éUP‘Ed“ﬁ é‘%FP‘E'é‘% toflaim & wheiei $pjdfist and gecpnd deyjees lomp g

an electrical lmoditesul ating carrier having first and second surfaces,
R % T — AR B
second packaged integrated circuit memory device, an exposed back surface of said first
semiconductor circuit chip being disposed in said space.
6. 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,
7. The high density module according to Claim 1 further comprising four pac,kaged integrated circuit
devices electrically connected.
8. The high density module according to Claim 1 wherein eight packaged integrated circuit devices are
electrically connected.
9. The high density module according to Claim 1 wherein said first and second packaged intcgra.ed
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



openi ng; - said strips on the carrier of said second device being routed
differently fromthe strips on the carrier of said first device,
wher eby the architectural - organi zati on of said rmdu““‘“ﬂ““ﬂ“ MHHI npar ed
to the organi zati on of each individual device; ont act .
pads di sposed surroundlng sai d opening on_said first*andl secdhd *sur f aces,

at - . leas e of said contact pa@:l% di sposed on said first surface
bei ng electri cal 17y nhected w th at | east one- of 'said routing
strips, and at saidems ongheesansifr of seicheqpadidevidd tepe setid differsmly from deatips authcfcagier
bei ng el ect r i caloh wiaGRRARHE, Slerttly 42 aithitchBaitheal Bordr sid¥hb e‘?qud grgr'argé '
at | east one via-electrically connectrn % east one o sa| I sposed
on said first suphsewaniation of wach individual de ce-ast one of said pads d| sposed on .

said second sujplaaiy of contact p’idﬁﬁdiﬁbs@ﬂ%ﬁblﬁalﬁé saidiopdalalz bn ﬁh‘ﬁ?etﬁﬁh&bﬂﬂ:u#f&essﬁ' d
second surface qf sai rrjer

Y
bondi ng pad; 54 S0h |s?‘| c"\ﬂﬁa?tggdsa'ls@&efl???gﬁ'{@ @%r‘?&‘ﬁ%?‘%tj‘“ﬁ%?ﬂ'"ﬁf“‘l“@aé‘t one
bondi ng pad to aeastl caagftsaid rogting StripRand atleastoneef said pads disposed brr said Sécomidrface .

encapsul ating ngfH El@! j&ﬁﬁ‘gm“q“&gﬁ’gﬁﬁqﬂﬁ"‘ﬁ'?&fésgsa' d bonding -w'res -and

said at ‘| east. one rated circuit packages
according to G‘éﬁ”ﬁ?@W@Faﬂywhﬁhwamvaqmmfwmm@cdOtpvalds'rst surface withat

surroundi ng sai dea@tﬁﬁ@bf@ﬂdﬁa@“ﬂp@se@bﬁk@iﬁ%ﬂ‘éﬁrﬁte pads. 11..The integrated:

circuit packages accordin Claim9 wherein said plurality of contact
pads EMSORMTIRrGIS F'HP {hererl th 2id seoond syrface pispid F’%SW’GF“’ plinhavisaptdessint t o
sai d openi ng ancbnabaﬂmgpuzl row - of pads adj acent to said first row of
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carrier, said atstripsizadd one bus. bar el ectri cally connected to at |east one

of said cont aCéncéaaﬂ'agn matrial (1FHg3RR RO o8 s bl Bl BRERR it 200

of said carrier east one £ The
integrated ci rcuP‘Ed packages according to Claim?9 furt her i ncI udi ng at | east

one sol der foafHe idispfatelt Giekuit packagcs acd%Rhn@ﬁo CIBAIWHAER sdd pliRiForeitkARlis Pads
di sposed on said first surface, . The integrat ec1p circuit packages

according to d é‘fW?F'?ﬁ'"\gﬁ?i‘f?Pé?mﬁfﬁ@}*}ﬁﬂg}‘?&"a?fpii"éast one sol der ball |ocated
on at | eastilof lmégrsaicdcmqbﬁkikagéiacﬁtﬁdiﬁgtdCﬁﬁG&ﬂﬁrthm&@lhndh@ﬁﬁﬂﬂﬁi:t paai f ace. 15.

The integrated cka ceardi r 1 ncluding at

I eas!t ong sol de?d"(b0 [#ﬁngls @ %et%rm test row ‘Rg?ff “‘11“8%{‘2&" S‘B%&"%‘Pg <§‘ 5é°8'@ﬁ€‘act pads
di sposed on sai dfﬂadsrvdlaceam!Faaid"estmwcbfmdsbp@meadmenmgl der ball | ocat ed
on at | east|209% inbgridd cﬂ'c&t(}mkﬁ’éétacceﬁﬂﬁ t&lﬁﬁ@%ﬁﬂ%%luﬁﬁgﬂ V\%&S&:’mq §a\’fngp§ﬁ? 16.

The integrated cjrcuit ackaqes accor ng ereln sard carrier
further incl ude‘éf“"zf’”é&%ﬁ‘%‘fa‘da east one bypbar gleckricallyconnagted 1Q:a4 jepst prs ofspiticoriat pags sa| d

carrier in sai ddegodddion saidlfitst arklieid kb Girfabed Of s6id b £dr landB GHEGERe SGRALshang t
Claim9 wherein spolder balls rather than bonding wres electrlcally

connect said at éast one bonding pad to at |east one of said routing
strips. 13. The integrated circuit packages according to Claim 9 further including at least one solder ball located

on at least one of said contact pads disposed on said first surface.

14. The integrated circuit packages according to Claim 9 further including 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 9 further including at least one solder bal: located
on at least one of said contact pads disposed on said first surface and at least one solder t-all
located on at least one of said contact pads disposed on said second surface.

16. The integrated circuit packages according to Claim 9 whercin said carrier further includes a cavity
and wherein said chip is adhered to said carrier in said cavity.

17. The integrated circuit packages according to Claim 9 wherein solder balls rather than bonding wires

electrically connect said at least one bonding pad to at least one of said routing strips.



16 18. A net hod for the fabrication of a high density.nenory nodul e

conprising:. .. providing a first packaged integrated cir '
device having therein a first electrically i nsul at|mu|Hmm‘ |!le|r“(“|‘
first conductive routing pattern integral with said first carrden, an c

| east a - ‘first sem conduct or C|rca6t chip;, .~ prOV|d|ng a second
packaged lnisewmr&wem&ummeﬁsv REndAEMIR bhgkaLn a second
electrically . i nsul at-i.ng c rr|e second con uctlve routing

pattern integ r%‘l’"‘%&“tf'% a&clsrssdemmedemtmpmory devie having thercin a first eleatrically second

seni conduct or cnﬁsﬁmutg cerkierfand first coﬂﬂélﬂ@ﬁhﬁn@ﬂatﬁi&ﬁégﬁl (- RY: fﬁs@bﬂné%@&l‘i’eaﬁl‘%v' ce .
to said first derw ce ﬂ‘f“ﬁtﬂbdfgsa d-first and second ‘devices . . forma

modul.e; and - TSEFTISO WiiPsecond conductive routing pattern such:
that the el eclprcwﬁmgasanqmdb&kigud tpldtraedlimtﬁtatedxory device hawngﬁlﬁmﬁ&él&ﬁlcﬂf not .

hared b the d,.fi IS renai nger of
tS he - Y | q&y Itralé'( %%L‘Qr%dgse Ld? auc%‘(ﬁ:é? ﬁfi\"h Fgmlo“f“h S84 ?fc‘g’gﬁﬁﬂﬁlaﬂ ficeis
shared by the sﬂ@ﬁfalsecawderpiméuctorclrcmtchxp. term nals of said first device. 19."

The method. f ogorh@big i@ sAE@ndicrBe b Qalﬁrﬁgéﬁ l%ﬂéﬁ?&f‘d s SR sgcoﬁ ornlel
conducti ve routltgg?gt ern - .S provi d by applying t ogi'c rule

of exlusive ORt feedr i cal i nput s/ outputs of said - . second

device and saisscfurifigsaidd@uideondustios fosting ipat@iuch 4t thJJl@memnB&E’thﬁis of @i i cation R
according to d aij m ; vher ei ?gtd second devi ¢ ‘g s, electrically connected
e sy i .

and stacked to Ssaix Y pripRuf(Puguts of s it devics whilg thy gampimdss ofths ¢
first and sai d sdeticd SIgnal and povpaCiunplsef sailisegudiedct icshired Bylihe ¥nalaid e ce, an

exposed back si dg ffasSfk sem conduct or circuit chip being
di sposed in said s ace. agdﬁrét'?ﬁkcerret hod for fabrication according to Caim

17 wherei n 1hdhemetiod & fabricationaccording sfeipimdf wbreimsaid second condustive oulivgrpattans t her
i ncl udes connecty ml&d\sy Bflfthd hOBaL nRRELRG: naﬁ%&%&h&ﬁnﬁﬁﬁoﬁiﬂk& of TR0r Y

devices to |rst and&l’secon package evices to forma nodul e
of four packaged® Yi@§“ spid firstrgipi Wlﬁﬁﬂe?or fabri-cation according to daim

17 wher ei n 20TEheSidepd fof fabtlc@tioh kdording @ QMR C1 WHRInIREsecond device R leREballPcnblclelier
dovi ces to - mSgiEl i pE ey e SeulE R R st B P PP rocul e
of ei ght packagpadkageshiptegtated circuit memory device, an exposed back side of said first semiconductor
circuit chip being disposed in said space. '
21. 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 devnces to form a module of four packaged devices.
22. T_he methad for fabrication according to Claim 17 wherein the step of clectrical connectioi 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.



