29 MAY 2006 -1 SEM CONDUCTOR PACKAGE The invention relates to a¢ g MaY 7005
'sem conduct or package, specifically to a so-called 5 Chip Scal e Package
(CSP). The rapid growh of portable electronics and w reless comuni cati ons
apparatus has necessitated rapid devel opnent in the field of packaging

sem conductor devices (also referred to as Integrated Grcuits or 1Cs). A
maj or area of developnment is the energgnce of a class of new technol ogy
referred to as Chip 10 Scal e Packaging (CSP). The defmition of CSP, as
given by the Institute for Interconnecting and Packagi ng El ectronic
Circuits (IPC) refers to a package area which is less than 1.5 tinmes that
of the chip area. CSPs are e CONDUISETR 2 gnt in menory IC
devices. The intention is to nmaxim se the capahility and capacity of a
device whilst mnimsing the package size. Thus the density of the package

i's 15 increased. ThL BHEE e .acconpanyi ng draw ngs. shows a secti onal
view of a particular 13%(?1} %E\attésg(? aziq'g%gﬁ%é% r&g,c aﬁeF?H?g‘%Pﬁll%W Bwrsaliedi d Array
( FPBGA) . 5Th€hjpetidakg®acksge (@SPYri sed of an I C device 1, attached by neans of
an adhesive 4 to a substrate 3. The IC device 1.is electrically connected

through an el ect Fhi¢mpicgavaef pagbbrelron2e anefielesdcdmmasicaidgt ri ¢ bond
pads, on th ive surfa f t | C device. Electrical connections 8
_connect the%&%{e:ac%%s\rﬁ?aégie ceéﬁlﬁfi%%cg’fapé‘gqvﬁlﬁp@eﬁﬁntthféﬁ%léBé?@c&ﬂﬁmg, al | owing -
conmmuni cat | @miedndet©PabacahNg I i nd.the t ernal appar at us.
The substrate 3 has c_onglugti veé%%gtgtgsagégtggﬂ a{\fﬁﬁi@ﬂ%ﬁ 8{/{%@ gIIB@PF F‘Pé 1y
conduct i ng ¢fidekelopmeniie e arivezpm nf 2 olascoMeaciecRRI VR a0R8 (SheOkihi cal

connectilgns 8 d, the zagﬁtr te 3 25 to solder balls 9 which, when the
package'is agine Lophle deheqlelingion of G3P, angiven biethetheitste goral :

t f i i 0 k . ' tus. Th

l octr | oal g e B R A A L o8BI i e

Aut omat i-c  Bainblislgsy(tFAB) . Switnaithats g she dHIP RS, QEP@&%%}E&&%?'!%%&&Q#&%P{ ng
c e €l e

material. The substIr %%e, 3 has an opening 11 through Wwhi ctrical
connect i ons" &Iy I dsHicss. By infentipn i td enaXimist thehmpahiliytandtospaitywifiach t he

I C device MeiehbRt Hhiffsife ﬁm%%%cd g8 ide R e%er?siq%\{ﬂ%eoga%kage is
15 increased. : | ' | '
Figure 1 of the accompanying drawings shows.a sectional view of a particular
variant of g-CSP device, a Fine Pitch Ball Grid Array (FPBGA). The package is
comprised of an IC device 1, attached by means of an édhesive 4 to a substrate 3. -
The IC device 1 is electrically connected through an electﬁcal contact region 2,
20 -referred to as electric bond pétds, on the active surface of the IC device. Electrical
~ connections 8 connect the electrical contact region 2 to the substrate 3, allbwing
commupication of ‘signals between the IC device and the external apparatus. The
substrate 3 has conductive traces 6, 7 which prow)ide électrically conducting links
between the point of contact between the electrical connccfions 8 and the substrate 3
25 to solder balls 9 which, when the package is mounted in a piece of apparatus, provide
the signal transferring interface between the package and the apparatus. The
glectrical connections 8 may be effected by wire bonding or by Tape Automatic
Bonding (TAB) which uses ribbons of electrically conducting material. The -
substrate 3 has an opeﬁing 11 through which the electrical connections 8 pass from a

30 ﬁrs‘; side 3a of the substrate on which the IC device 1 is located to a second side 3bof




-2 the substrate on which the signal transfer interface sol der bafld MAYaPalh
[ocated. The IC device is encapsul ated by a cover 5, a protruding portion
5 a of which encapsulates the electrical connections 8. Figure 2 of the
acconpanyi ng drawi ngs shows a variant of the package 5 shown in Figure 1.
Thi s sem conductor package 20 is-simlar to the package shown in Figure 1
and the correspondi ng description is nQp_repeated. In this case, the
encapsul ating cover 25 is reduced such that the passive side 21 b of the IC

device 21 thesaxpanash it Rhdiahtt: b 60000 e LS deviper 2l A

problemw th this conventional  packagi ng arf A

10 furt her desiteds snpaphidatediby a cobertha pﬂﬁﬁiﬁﬁ%&ﬁ&@ﬁé@fﬁﬂﬁh%ﬂ%gﬁlsﬁﬁ% is
nmust. al ways be sone encapsulant 5,25 aroun e periphery of

limted. Tr{Ere1 ,

the I C devitefrufakeonnetiops &t acci dental damage. Consequently the package
area nust be | arggp.t hip.area. .It is therefore an object of the
present inventi ongl'ltjrg 2;@%1\1/% gcgoglpﬁ’g}fiﬂ%gfwngsvﬁji‘%’ﬁ aivRdantofithe prckegee package

area t o i hehoWnn Bigege CaThiRemIHS ACCRI:dL: he present
invention, .there is provided a semﬁg%rn' glé@%rcz% ‘gg‘%g?%gc’ %’&Pﬁ PIOWA first
| C devi ce; 11&F§é‘éfbhén£ thecromespondingdiesaimiohss fidtrepeard. Vhexistakelfag first-1C
device is %bé%%h}eg t o thg subgtr te and the second IC device is attached
to the firSt e dets cQer en s Lanredonehthenihe passkvegide 2t dfghe 1@ dayicd 21 ng a

first el ecﬁﬁé@@!secﬁoﬂﬂﬁﬁia&%si&%E@aﬂﬁtetp&éeﬁf steei device and the substrate

€ ; .
and a second el-ectrical connection we T econd | C device and the

substrate. Thi s A prohlwawithghio esnntiesal BuciRERsadiaAZerh ¥R id ﬁiafjﬁgisgcga%fh a .
single 1 5 @S‘H] conduct o& ackage the ratio of the package area the chip
area ma UEing A fajiood kagechrerety the/erip beeabs huged. Dhérewiykt 0. The

ackage si sane i n.conventiqQnal packages (there nm
e sone | e e Bome ShARSHIak oS BTG e oibiey &F ths otlsvigrieaioiochs po 1 or
“exanpl e, wpicventiastidemtapdaicage Gﬂnbéllue@tl}pﬂh@?@%ﬁg@ bata GAIPHLE 13&%‘5 tlffaphn{@
0

Ly .
density. Furthermpre, this-invention enables 30 sem conductor pa iages to
be producet™RAFenh fﬁé@ﬁ@%@b@l@t@éﬁim&emhhumm%(prdmideameans for

which the ratio of the package area to the chip area can be reduced. -
15 According to the present invention, there is prov.ided a s’emiconciuctor
" package comprising: '
a first IC device;
a second IC device; and
a Substrate;

20 wherein the first IC device is attached to the substrate and the second IC
device is attached to-the first IC device; the semiconductor package further
comprising a first electrical connection between the first IC device and the substrate
and a second electrical connection between the second IC device and the substrate.

This is advantageous since by packaging two IC devices in a single

25 sgmigonductor package the ratio of the package areato the chip area may be
significantly reduced and may even be brought below 1.0. The package size may be
almpst the same as in conventionai packages (there may be some increaserin the
package height) but, using two memory chips for example, will yield a package with
approximately double the memory density. Furfhermore, this invention enables

30  semiconductor packages to be produced which incorporate IC devices which perform



2 9 'MAY 2006 -3 different functions (for exanple processing and HeftAY yjilb
Further, the likelihood of an |IC device being produced that neets the
required quality standard decreases as the size of the |IC device increases
(as the nunber of opportunities for error in the device increases).
Consequently, it is cheaper to produce two devices of a given size than it
5 is to produce a single device of twicg.the size (due to reduced wastage,
for exanple). A package containing two |IC devices, therefore, nay have the

sane capaci tiffepsrd fiatctiofa@aPétd i.conduct.or ckage,.cqontaining a
si ngl e device, but icttlorra%beﬁ[%ﬂhee Der S@g%ﬁ%&&oy%,ﬁdﬂ‘ﬁ)@%ﬁ%b@?@og%ﬂ er

package ar el [Adewveeibeine pwdacddhthaectetie oelivien hugs Lhad .nygntion,
the substra ieeif i@ attached to a first fr%j orquactg g}?‘ %ﬁg&gll%r%etsg‘)f[%edevi ce
and the sectfa’] Bedeleuise increazes (a8 thechumber hkopperonidiesiratrof ac@e @byibhe first

| C device. bRatdw® t5ndEYd therefore forma stack, with the result that
t he package ar eaéé,}-)may beﬁﬁnﬁiﬁtég(z CERFTA0 ProdPPetYRfeYices REA Zives sizedbandt -one of

t he |1 C déviisésprofinisa singhditaitk 39 BRS 1aS; t h ckage area to
the total | C device area nmay be r edu@?léegg%%?m%%C%g.v%S%ﬁ&%? E?‘agﬂ%
Pr ef er abl y, > PREXAEE 5eRiAiNiRe onis: destees gtherefitre, MMych0 €Y HE% dabs @i ch the

first, and : uired. additional electrical connections pass to
. connect el e%%lgglrﬁaac%ﬁ?%%}du ORPHITRES CRNRIRIAG afsingls devided byl it may det he

opposi te sidheamst té PSS RLLHLR which the first 1C device is
attached. The electri cal cont)gct %&%ﬁép%%%%eﬁrranged to be in

conveni ent | ocatdeesding Roa furtgfeeembbdimefi06F (BXBRBR invef oS 't@?éﬂb}s&?h font act
Side"of ‘'the IC -

regi ons rranged as a row in the centre of the si
devi ce %ﬁ%éﬁu‘p“ghc P égﬂ%dn%l@ {%ﬁ%og%ﬁrﬁd@l@e@me pad thesecdnddt dediceris nut ual |y

opposi t e edggsheafio Bes E AEmaH vi.ce. attached to the substrate.
This may be advan?agegus fo%ogﬁ#gﬁggﬁgﬁfﬂg qeéﬂf(guﬂﬁfw?ﬁ@@}”@%ﬂhe@ﬁmsfer

interface $otnestablaiwith the resuit @RS hickagd &6 by bb ‘fhiﬁiﬁﬁgaéd At8i25 Simlarly
t he arrang(gklreragl of t‘?e elgctri cal contact regions on the second 1% devi ce
may be vari tfrea §F aRephibe C devisss. miys badvatageods antht Reicemhe € or on

nmutually o i - .ace of the second .IC device that is
opposi t e tg&%}%g& gﬁegggﬁ%ftg{a#eégg‘%gen%m? @aﬂg’W‘idgm@%O&?tW%eﬂél-ﬁ aethéed. to the

R N o
| s pass to connect electrical
contact region(s) on the flrst IC device to the opposite side of the substrate than that

to which the first IC device is attached. '
The electrical contact regions may be érranged to be in convenient locations.

20 Preferably, for example, the electrical .contact regions may be arranged as a row 1n
the ceptre of the side of the IC dé{rice that is attached to the substrate or may be
located on mutually opposite edges of the face of the IC device attached to the
substrate. This may be advantageous for arranging the layout of the signal transfer
interface solder balls on the opposite side of the substrate.

25 Similarly the arrangement of the electrical contact regtons on the second IC
device may be varied but, preferab}y, 'théy may be located in the centre or on
mutgally opposite edges of the face of the second IC device that is opposite to the
face of the second IC device which is attached to the first IC device. This facilitates

the establishment of electrical connections between the second IC device and the
30 substrate.



30 substrate. 2 9 MAY 2006 -4 Preferably, the semiconductor packide MAY 2006
contains at least a third IC device, the third I C device being attached to
the second | C device by way of a spacer. Any subsequent |IC devices nay

al so attached by way of a spacer. The spacer ensures that each |IC device
-does not interfere with the electrical contacts between other 1C 5 devices
and the substrate. Adding additional |Cqdevices is advantageous as it may
-mul tiply the advantages of the package containing two | C devices w thout
necessarily subspfdit) e L6 i age areas.. .l referred
enbodi ment of the pr etg%rfye F%&ﬁ@g{r@pgﬂ&g%@%@gﬁﬁﬁ ¢ gﬁtﬂHf‘{Héﬂ@‘?‘-’é‘ﬁs thsut i on

el enent naythisé IGdevich being ttiadiee totheBBERIIE dehRe bE vIEVIS aée?'Ahge package.
10 Ile el ectgi cal (iﬁn act distribution elenment is used t0 provide an

el ectrical CBgeRt &hmah alse jatached balwayarftaasptcer e §ho spaoer dogres @lagvant | C

devi ce and Fcal npRect i ich is connected to the substrate.
Such an el e%g’ﬁ%@ﬁgﬁ%%&%glg} ﬁ’l?erf%? Wﬂﬁ@i‘%@?%‘:?ﬂ FeiggRpEEeen gthst IGit t achi ng t he

el ectrichl deoreeaid the sulnetee NS ﬂi&n}m] : | L hackages
contai ning multiple 1C devi ces, t%:e areet iy g%‘ﬁéegg?cl%@@ﬁégé%m 5 1B, ot
~interfere WHPYThe adnantages ofithe patkagt comathingawbaCtdeticss withstid on el ement may
take the f of, . a fer distripution |ayer, a substrate interposer, a
net sty Sl

dielectric i aarnp1 R 1nfEgasingthe packegqmseasr . Depending on the

ci rcunst ances, gaghrat onveni ent due.to the ease of
manuf acture, the eg’se %%$§§§%d§§’1¥?‘ﬁ"g%r%% ngﬁgﬁfm?% pfEcticel ¢pfacte, or the
ease of at dsthbulipntehrmeait ectyrticcathcledns 684 bORMSrd oF thd IC-@QViéggsn %ﬁ)@@l&d%n w1
now be 1q)es i bfd b Wa¥3r‘?0f' non-linmting exanples with refererice %5 t he

acconpanyi ﬁg‘e 5t niact disirivtionielpmeat is used to wevitle emelecwicaloafaca ‘

conventi ongk i . Flqure 2 is sectional view of a variant.
of the chi g tm:“%gillgl ﬁ%ﬁ%%ﬁgﬁ%%eglﬂn i JP’&VTﬁgél%ﬁcﬁﬂF‘Zﬂﬁ’ slecticabact i onal

(viewof a compcSoahbichiskagecias eotdisimkiaR. (heh Bh BRARN: naDYER I, Fi gure 4a
IFIS g'ﬁr Zeg.[ ! ?e%%l:m\é It}?g\éc_)?:x];plgxivtyacr}fl a%;[alch?igg glIe e;[lgc?ricca? Icc?nnsegt?ones a?lgcen:u?:ien Sth ?EWn .
; ‘ g tnat, |
especially in packages containing multiple IC devices, the electrical connections do
15 not interfere with one another. The electrical contact distribution element may take
the form of a wafer distribution layer, a substrate interposer, a dielecfric interposer or
a metallicr interposer. Depending on the circumstances, each of these may be more
cogvenje'nt due to the ease of manufacture, the ease of assembling the element to thé
IC device, or the ease of attaching f[he electrical connections to it.
20 The invention will now be described by way of non-limiting examples with
reference to the accompanying drawings in which: |
Figure"l is a sectional view of a conventional chip scale package;
Figure 2 is a sectional view of a variant of the chip scale package shown -in
Figure 1; |
25 Figure 3is a sgctiona_l view of a chip scale package according to the present
invention; '
| ~ Figure 4a is a sectional view of a variation of the chip scale package shown in
Figure 3; |

| Figure 4b is a fragmentary view of a variation of the chip scale package
30 shown in Figure 4a;



Figure 4b is a fragmentary view of a variation of the chip scal 2 Salik¥qga006
30 shown in Figure 4a; 2 9 MAY 2006 Figure 5 is a sectional view of a
further variation of the chip scale package shown in Figure 3; Figure 6 is
a sectional view of a yet further variation of the chip scale package shown
in Figure 3; and 5 Figure 7 is a sectional view of a further chip scale
package that embodi es the present inveftion. In the figures, like parts
have sim | ar reference nunerals.. Figure 3 shows a sectional view of a

sem conduct or pabigawes ¥a &cmradm@g/dfca futthe RESGEISf first
device 41 |% attached to a first side 43a of 1a su st%lggliﬁg%a%gp%g &5 gnal

transferrindo"Br 8250l der. balls 49 are attached to the second side 43b

of the substr at ep; T |1 s 49formthe|nterface bet ween t he
seni conduct or pacégrgeG Eg%%c “taﬂ‘éle‘é’ 4rst frgth entasialipm efibechipsscale patiage

Conductive shbwaoos*lgﬁear@darranged on the second side 43b of the substrate .
43 to pr?w de el ectri cal connections bet ween the solder balls 49 and the

first. | G devi ce BigureTHe aseriidnal vivw of 5 fiirtias ebip4Zale BRIGES (HaP al
cont act 48 s _through an opening 51 |pn thg s%bstr%llﬁg&ﬁé“h%

el ectri cal & con{‘a]gp%[ﬁﬁ’g are connected to an el ectrical contact region 42 -

(al so referred tig gasfd.LOmR st | C devjce 41. A 'second IC
‘device 53 is attaché%lrto gﬁggﬁl}a&gs e%f’é‘ceﬂf&urﬂ‘ifa ans of an -adhesive

52. The first I@mieeBcshowdisecmoaélr\aékg%ﬂa%iﬁl@ sdiRt €44 S
att ached t%it he substrate 43. Therefore, th e0 Oart é%/gg%g\égcc’o%“gﬁ% first

1 C devi ce 43¢ PTESSHAMYGRHEUY 4 hastil€ deglctélua”ntmchdfda:b atfivet dds4dave a suBGewOf the
second. {¢C dgws cal contact regions 54 on the
active face of e %ﬂesg%rﬁééﬂ%@rgaec&% %‘ﬂfé“ g #fached 9 tb%gecg@ql side 4Bl | s 49 by
nmeans of afithetsitbsiate 49, €Thesk 6all ICESHI'.I@Q t {rical
connections 55 are connected to‘3 t he gf%%?rlegngrf%%ﬁ% e@%l ons 54 on the

second | C S&picerdustor packags 4@@nd tivt dpperatusameswhich 46 ﬁ{buh’féﬁ fdohatcipdr face 43a
ces on the first surface 43a of th_e

e R e
ol ar® hary ok e ! A8 e 18R ol 1B A TSR 0 e
encaps dP at Bares 47 gonnect to electrical contact 48 which pass through an opening 51 in the

substrate 43. The electrical contacts 48 are connected to an electrical contact region
42 (also referred to as a bond pad) on the first IC dev1ce 41. A second IC device 53
is a_ttached to the first IC device 41 by means of an adhesive 52. The first IC device
41 is arranged such that its active face is attached to the substrate 43. Therefore, the
20 passwe face of the first IC device 41 is uncovered and it is to ﬂns that the passive
face of the second IC device 53 is attached. ‘Electrical contact reglons 54 on the
active face of the second IC device 53 are linked to the solder balls 49 by means of
add1t1ona1 electrical connectlons 55. These electrical connections 55 are connected to
the electrical contact reglons 54 on the second IC device 53 and to conductive traces
© 25 46 on the first surface 43a of the substrate 43. The conductive traces on the first
surface 43a of the substrate 43 are connected to the conductive traces 47 on the
second surface 43b of the substrate 43 by means of vias 50 and theoce to the solder
'- balls 49. ‘The first IC device 41 and the second IC device 53 are encapsulated in a
cover 45 which may, for example by moulded after the IC devices 41, 53 have been
30  attached to the substrate 43. The cover 45 also encapsulates the electrical




~cover. 45 which may, for exanple by moul ded after the 1C devices 425 BaYhzle
been 30 attached to the substrate 43. The cover 45 al so encapsul ates the

el ectrical 2 9 MAY 2006 -6 connections 55, a protruding part 45a of the
cover also filling the opening 51 in the substrate 43 and encapsul ating
the electrical connections 48 between the first 1C device and the | ower
side 43b of the substrate 43. Figures 4gand 5 show sem conductor packages
60, 80, respectively, that are 5 simlar to the sem conductor package 40

shown in Fi¢amnectibns Thea pR&GAINRIAQM S imlar. conponents will not be
repeated. The variation bet wengr?tﬁesgfglg{rﬁg?gﬁ ua@%oof?ﬁm% 5@’?3%6,‘“@!?, 80
'shown in FigiipFede 43 and eagspsiatingthp eletiricsll onnddtiogs 49 bidReRfieangapent of the
el ectrical &onnect ito to the_second | C device 53, 73, 93. In each case
parallel ro gc) agd ]%ﬁn@c‘f‘feFF@S\@]\%Bmhééﬂbﬁtr@@i%ns 54, 74, 94 are provi-ded on

‘the 'the acti veprjesur. e second | C device. The sem conduct or
package 40, shownléir? Fiaglg(rggshgi}v S%%gcgngﬁmg%rtﬂaic{gaﬁesé it ESPeciyElynthabareon

opposi t e5 sistedagh thdeensictnduetcr deckaps 44 wﬁ?@ ‘ vi.ge. 93 ese
provi de conveﬁi ent access for ?he agl ect&?)i ca (Pg%#hgétﬁ%ﬁfse&g?apﬂggﬂﬁre
connect ed tSTHHSHTPORCHE §iH @otbeepcaridy Fte ‘ariatiftebalest th cahiceaMi@st T €gi ons

74, 94, PEGES X6 al ranged i he centre of the active face of the
| C devi ces 73, Q%X&léé ?Qg%%‘@ﬂ pyres Eﬂ :PRe SswhpestiMelticiesrin 8@ shown in Figure

5, the el eatmhgmhert oNARCdRRAS] Lid tilea rpher to

establ i sh the required conné_ctfa;%g. iE?§aleiSﬁ%orngta@edsw{cﬁgcﬁﬁée?%Pa"é‘ne of
the el ectr 8% PaEBishevy(sbekeleSrical bentha régigni4, U4,mr9%fovid’éde(ﬁlt‘t%ﬁé?che
connectjépnsgrrfac\é/iot Iﬂ the%‘gpﬁcﬁ'gt i.on of the second | C device 93. e

seni conduct of paé KagE™© RCS: nl s sgmiconductorpackagect(y; sluain mdfipaets, '

di stri buti s Gb@ABANSnEE: b i n electrical connection between the
el ectrical contact rggi onggﬁé[lIS P%ggf)grgﬂs?tﬁS]ﬁﬁ%oétéﬁﬁ?téveﬁcet?fé’}“? gecgadiCe 73 and

t heel ect r Fewfe 5k ofhmse provide Idmvehicathcomy f6:Bs BEOFEARSLS _the edge
of the IC gevi Thi s..facilitates the attachl'rrent o%ﬁpﬁsgg%ﬁlgc%rﬁ cal

eyl ce gg ) tat
connect i on&PECEAK Msth od igwe 4and Fige 55h¢ plcetricel emtet egidnkg4edgct ri cal

connect i onfespedti€c®! £€ Ltk Rl ;S ant distribution epents 76 nmay be one of
the fol | ow ng: anl%addi t%lgg%allﬁ\%fcggﬁ?% ??‘Ctk"ﬁfeﬁ %é-{"% $'a¢es 7Redi.st ri buti on

Layer (IRDLyespeatiively. ils terscadetinduabnbo L%y inWihh B, 0€1d-G gﬁ%/oih%gétioa
‘dielectri Col nt eréoo.?er , conprised of, for. exanple, a conductive péfft ern
et ched or necessarily must reach further to establish the required connections. This

' increases the chance of one of the electrical connection,é 95 interfering with ano'ther

electrical connection or with the operation of the second IC device 93.

20 The semiconductor package 60 shown in F igure 4a has electrical cbntact- _

' distﬂbuﬁon elements 7_6_thatvprov_ide an electrical connection Bétween the electrical
contact region 74 located in the cenﬁe of thé IC device 73 and the electrical
connections 75 which may therefore be connected at the edge of thé IC device 73.

This facilitates the attachment of the electrical connections 75 aﬁd reduces the risk of

25 interference of the electrical connections. The electrical contact distribution elements
76 may be one of the following: an additional wafer layer, kﬁown as a wafer
._Redistribution_ Layer (RDL), which is an additioﬁal layer within the IC device; a
dielectric interposer, comprised of, for example, a conductive pattern etched or
deposited on a piece of silicon wafer that is attached to ;the IC device 73; a substrate

30  interposer, comprised of a piece of substrate with a plurality of conductive traces set



deposited on a piece of silicon wafer that is attached to the IC Vit 7866
a substrate 30 interposer, conprised of a piece of substrate with a
plurality of conductive traces set 2 9 MAY 2006 -7 out upon it that is
attached to the active surface of the IC device 73; or a netallic

i nterposer, conprised of a plurality of conductive traces attached directly
to the active surface of the |C device,73. In enbodi nents where the
electrical distribution elements 76 are not integral 5 to the |IC device

73, the el i ] i.on. 74 nmay. be n ted 10 the el ectrical

di stributi gf%{tg %angr#é;@%%&%?éﬁ%&ﬁgaﬁveéﬁﬁ er(?fggef Rga‘ﬁvﬁ‘éec J6na memlligch as
those showrinterposéi gounerideal ofl SIEBNG!dA\BhauctivE abls GRbEA Hirei Pl hRUL T ON

el enents 76' maybe indirect ‘electrical contact wth the electrical contact
regi ons 74,2°H¥e skgA of thelRedevicggdent ary  view of Figure 4b. 10 Figure 6
shows a sectiong| \é{r%e ]

o o\éY' of .a Bem’ conduct or _package 100 that is a further
variation of the"s AT Phrre thscedircal diskmaiioniclenmng feears not integrale
sem conduc it thed@cdkase 70 1af e & ebectrical contact, regiong 42 are
arranged in a row | ocaf g% %lﬁ!u’?%gg%tgﬁt%%q% 5%?@5’8?9%%?35@8%‘5%%”3i rst 1C
devi ce 41. distributon dentnteid by neanpetdeagecsl 00nRbt GO Qich as g ﬁi?%{ rical
cont act regi gns 1&)28\%16 are 15 arranagie_(_:l on opposite edges of the active
face of th& 1188t 4 ieppitelghe elypingal dispribution elements P& cisl beyindireste | ar ge

nunbers of LRARGCLLIRAS wAHShS Lred i educinpg the conplexity of the
conductive traces 107 reqﬁ?léggg%lﬁﬁﬁ%paf:mﬁm? Zg’easzfgﬁwﬁfnn&‘ﬁécmg%’?ﬁ ate 43

t 0 connect vidveoSKigder4thal | s 109 to the respective contacts in the IC

devi ces,.. The semi conductor package 100 of Figure 6 has openings 111, 117 in

the 20 Subst r at E1%3° 18EO 2 Aecvignal iy DBk eerbivenduotanpatkage D0 gaeisapeni ng
cach corr ebpah aiAPE R Rpugotdibiof ol d ki in Hageamn e 1110t

each corresponding to a Sin

_openi ng( s) sdditondicospatipnosiaDhb st ox=, Legion(s).. 102 on
the active, facgn'o-fC tﬁjg fig\réﬁst IC%LE%?%E%%%{:%% Op%gpéeggo%ﬁég%ep%#gﬁ s) 117

‘lines up witarovhocaied dhthealentse of thalactiarfacctf the GrsodC dpvitd 61.0m fbe active 25
face of thg

the. condugri Vet sithis 10 o Fieouh shascieriralconiomseions | Wb 136isst 1 at o 10
to thel5el aedrged ah oppOdteatized ﬁ&h@ﬁ&iv@‘qgce of 1R fifsP RE ﬁéx;ic\:/ee_i 0. This may S
assist, especially where large numbers of connections are required in reducing the |
complexity of the conductive traces 107 required on the 10Wer facé- 435 of the
| substrate 43 to confect the solder balls 109 to the respective contacts in the IC
devices. The semiconductor package 100 of Figure 6 has openings 1 1'1,‘ 117 in the
20 substrate 43 . The openings may take th¢ form of a single op.ening corrésponding to
o an entire row or a plurality of openings, for exarﬁplé each corresponding to a single
elegtrical contact region. The first opening(s) 11 1, lines up with first electricai
- contact region(s) 102 on the active face of the first IC device 101 and the second-
| opening(s) 117 lines up with the second elebtriéa‘l contact region(s) 1 16 on the active |
- 25 | face of the first IC device 101. Electrical connections 108, 118 connect the
conductive traces 107 on the second surface 103b of the substrate 103 to the
* electrical contact regions 102, 116 respectively, _ |
Figure 7 shows a semiconductor package 120 that is a variation of the
semiconductor package 100 shown in Figure 6. An additional IC device 134 is
30  attached to the second IC device 132 by means of a spacer 135. The spacer 135 is



Figure 7 shows a semi conductor package 120 that is a variation of 2tth¢iAy 2006
sem conduct or package 100 shown in Figure 6. An additional |IC device 134 is
30 attached to the second | C device 132 by neans of a spacer 135. The
spacer 135 is 2 9 MAY 2006 attached to the second | C device 132 with
adhesive 136 and to the third I1C device wth adhesive 137. The third IC
device 134 has electrical contact regigas 140 connected to the conductor
tracings 126 on the substrate 123 by neans of electrical connections 141.
The spacer aAlt3bhddso kgdas: I nnectio to,be de. to the 5 second
| C devi ce 132 since theéﬁlicﬁ ge‘?éé %\gv‘?lgféa@?iwleg%gﬂ‘%@n@ﬁ wl iideviger i ve face

of the secwiiadiEsiveseThSRirdIT dtReIBTHES BEGLI coRE 2{dpshown in
135 is attached to the palsgc\?gégﬁgﬁgg the third IC

Figure 7, the s ceﬂ[l ] _ (
devi ce 134.°° %&'{;’g‘P § FPNALEIOF Brringst 60 the velisanrea93 HyhRednbbf debiSeslevi ce 134 -

may be oriep er _wa up, with the spacer 135 attached to the
active face f(])l?éc'? ﬁlést Fﬁ ?fc;lgl S&"J‘%Féﬂ?%é*p rpguiredrig; allowigenpegjiops tobe made ta thar ger
spacer 185 stmindgCrdeeiek 189 sinBY tHeiBird L at e, of, .spacer.s and adhesi ve,
any number of addjtional 1C devi cegl?ﬁg@%iei&gfs;ﬁg%%}?gt? eﬁ?ﬁge il

of "1 C devi 8&sserend Kedevieenk?, Ih the seenieomhietor hAER B0 ShoWn ih Bidpyrogs
attached pﬁa%i%%d’isj % todpa sive side and separated 15 by spacers, or a
plurality oporic teyidadied o thenasywesidnal tha tirdls deviet BdcHoepar.dted by
spacers. Chgabpiate 0RWEMGAncel indBYdTRLaRE.ARactical to add |arge nunbers of .
|C devi cesﬂguié to restri ccte:s’o}rlls orclﬁt%h%gleegcq’taf?aé’aemﬁﬂmﬁﬁﬁ%wy\een t he

el ectri cal Upowitate spaeyildh sttahed ticthe GoeVa6£8F BB ild e &haGtRIUC Y T aci ngs
on the gubstrate, .A limt may also be reached on the nunber of “Sol der
bal I's that WAy HY Ip2dereesprestidf beingirequitede 20 connections with the -
apparatus to which the seniconductor device is attached. Although each of

the exenpl ary semi conduct or packages shown in Figures 3 through 7 show IC

devi ces with el Bytthe gairomiin aetof 68 hddhE8Ye. hh ' .of .the active
face or ondthe edag s of the acti vg face, .the p%@e%%?%&g%@ﬁﬁgﬁn?lgenot
limted t o *V&FER ?b%&éhﬁ@ripsfrblsmanm Staaks aff ICaddvives ataly\b2 felnggl fdrcal contact

i L A R U
et are oy 10 eS8l RN ORI PRI R L1,
devi ce to BhP2eTBstiealy, however, it may not be practical to add large numbers of IC
devices due to restrictions on the electrical connections between fhe electrical contact
regions on the IC devices and the electrical tracings on the substrate. A lifnit may
also be reaghed on the number of solder balls that may be used to form the ultimate
2‘0 connections with the apparatus to which the semiconductdr device is attached.
Although each of the exemplary serﬁibonductor packages éhown in Figures 3
through 7 show IC devices with electrical contact regions either in the.centre of the
active face or on the edges of the _activé face, the present invention is not Iimite& to
| sulch.arrangements. Additional or aitemative electrical contact regions may be
25  provided with the corresponding additional electrical connections between the
_ electrical contact regions and the suBstrate. Likewise, where necessary, additional
opening_s may be provided in the substrate for cbnnecting thé electri.cal' contact |
regions on the first IC device to the substrate. |

The adhesive used to attach the IC devices to the substrate and to one another

30 maybein f;he form of an adhesive paste, coating or film, The electrical connections

r.- Stacks




The "adhesive used to attach the | C devices to the substrate and t?goqm 2006
another 30 may be in the formof an adhesive paste, coating or film The
el ectrical connections 2 9 MAY 2006 -9 between the electrical contact.
regi.ons and the substrate may be forned by a wire bond nethod or by a Tape
Aut omat i ¢ Bondi ng (TAB) nethod. However the present: invention is not
limted to these nmethods. The el ectrical, connections may be effected by
any nmeans capable of transferring signal's between the | C device and the

substrate.  BethRepfdidd first | C.device may be coupled to the
substrate bé:a 7l ?%e?:éﬁia%alrr%?ﬁ%%%erﬁq \I?/rﬁngﬁhei? t?‘i@ﬁ&ﬁ/rf‘)liﬁ#ﬁdtbi’eamr& The

cover nay beordomnathdd br by &apé Aﬁio%a@i@%%sga@%ﬁ) ntnglﬁ%d_rﬁ De ﬁubse%fnt ly
: ern

cured in an, oven; or by a noul ding proces atrve yevelr ¥ G may
surround t HEVERHARCS AL EnBed fodtbecageethods. i chnaRRBMbEI BAGYYe dfiSted

~conponents. COVEr for .exanmple, be forned fromglass, sealing
“the IC 10 beV| cegang%g%bé%ﬁ%%@is g 11ghals hetweerythe dGdewice afid theatubstratal t hough

t he enbofli nBrUdgitRACNE firktN CRiciME € t h show . sem conduct or packages
contai ning JC devices that are ?%ﬁga%%g%%,&letsﬁgst‘ﬁ%@%ﬁm ¢HR Eethodn al so
~ enconpasses~Righicwellikevor inthe kag@se covd: dhdyi H&Qfohﬁécﬁﬁb’&%QEqéﬂJ enchR{ |09 sizes.
Thi s may, ftg_rt -exagg)%_% be the case in sem conductor packages 1 Ch 15
contain’ | C deVIEed” BPSslrrusuted fean oven, eushe monidinpsiracses Alightvergy al so
be el ectrith@bowpH¥OGHH Lrectly.between different | C devices. 2 9 MAY
2006 -10 5 10 15 CLXI IVBE{%?H %ES%CS%%?%P&F%S@H&% cpeAnRgPiats qagh of thef i rst 1 C
devi ce; a setpoedente Swoh LaivePmSHTGE Edintsle, R Golhd: vi.ge being attached
to the fd'bsdt rate d the second | C " devi ce b%%gsf%?]%géﬁ%g&e@bngttﬁ%??i rst 1C .
devi ce: EVICES an connlectlons from the environment. : . : ‘
- Finally, a;though the embodiments shown in Figures 3 through 7 show
. semiconductor packages containing IC devices that are the same ‘size, the present -
inventign also encompaéses semiconductor packag'es containing IC dévices of
vary ing sizes'. This may, for example, be the case in semiconductor packages which
15 coqtain IC devices of various types. In such circumstances there may .also be

-elecuical connections directly between different IC devices.



a first electrical connection between the first IC device and theg MaY 2004
substrate; a second electrical connection between the second |IC device and
the substrate; and. an electrical contact distributor, attached to one of
the first or second IC devices in the sem conductor package; wherein an
el ectrical connection is connected to its associated el ectrical contact
region via the electrical contact distdPbutor; and wherein the el ectrical
contact distributor conprises at |east one of a wafer distribution |ayer;
a S“bStrQ¢EAéﬁ% rposer; a dielectric interposer; and a netallic

i nt er poser.”2.""The sem conduct or package according to claim1l, wherein the
substrate is attached 20 to a first major face of the first 1 C device and
the second I C device is attached to a second major face of the first IC
devi ce. 2b 30 A semigsendustirqunihge comppsiogage according to claim| or 2,
further conpri sing eni ng, through the substrate froma first side of
t he substrg?e toaa%ggﬁcgﬁge’f?rst I C gevice is attached, to a second side
.of ¢$he substrateaseqpasCidevice, the first; and an electrical contact region

on the first IC device; wherein said first electrical connection passes
t hrough sai d opeAiSHRptake thedpilbdeyios detngaitachedite e subsiraseand thgpesandiCt he

first 1C device to &e@?ce%%ﬁ%’hﬁaclﬁidqgtl%fﬁr%ﬂ% e'i'/Pc%“ate- 2 9 MAY 2006 -11 5 10
I'ng

4. The sem conduct or packa@ge accor o clalm3, wherein the first
el ectrical cont adirstrebgirimal annedtnfbetwéenlthe ey (C devitcinddBs substron; Of
el ectrical contact reai??ns, 0 the first 1C device, said row |ocated

substantial |y ceAfFaM Wcép?anE‘ftl%}‘ib&E’VW thiyzecond G devige andyhemibsirgeinni ch
t hegsubstrate is atggched.

an electrical contact distributor, attached to one of the first or second IC
devices in the semiconductor package;
wherein an electrical connection is connected to its associated electrical contact
region via the electrical contact distributor; and
15 wherein the electrical contact distributor comprises at least one of a wafer
distribution layer; a substrate interposer; a dielectric interposer; and a

metallic interposer.

2. The semiconductor package according to claim 1, wherein the substrate is attached
20 to a first major face of the first IC device and the second IC device is attached to a

second major face of the first IC device.

3. The semiconductor package according to claim 1 or 2, further cémprising:
an opening, through the substrate from a first side of the substrate to which the
25 o . first IC device is attached, to a second side of the substrate, opposite to the:
first; and
an electrical contact region on the first IC device;
wherein said first electrical connection passes through said opening and
connects said electrical contact region on the first IC device to the second

30 side of the substrate.




5. The sem conductor package according to any preceding claim fwgtpgq 2006
conprising an electrical contact region on the second |IC device and sai
second el ectrical connection connects the electrical contact region on the
second I C device to the substrate. 6. The sem conductor package according
to claim5, wherein said electrical contact region on the second |IC device
includes a first row of electrical contldct regions on the second IC

devi ce; and the sem conductor package further conprises a second row of

el ectrical confact regions on.the second | C.devi ge an third. electrical
15 connec‘i‘i on lheas[engﬁcﬂwgﬁt?gp%a%ff %C(?P?q%&ga'io B h Y eFe_é‘b&k‘igir?tr?l‘icﬁécaLecond r ow
of electrical congittBgion @UheRsst 00 delite BRORRY a kéw AEML&BcAIRohAG BHBAL bRt e 7.
The sem conduct or. package according to claim®6, wherein said fifst and

second rows dhe&rgdedevise. seismowdpcatedysubsiantiallyt destralbcena fitsCside of the faste
| ocat ed on ”“tféacjlévi'cez%x?fﬁgﬁﬁ%ets%bggaqg% Qf adfi rst side of the second IC
ot her Srde of attaﬁlée

devi ce, which is on the Ssecond I C device to a second
side, to which the first IC device is attached. 25 8. The sen conduct or
package according tqQ any preceding claim further conprising at |east a
third | C devi cEe sereqndueigr packagsacsarding 9ams preceding slagaclyrben ongeivinge  wi t h

a spacer; and all&ash (GGctGEA6h 6{1]‘t‘l(i;e:cse?ﬁ{elf‘}?%iégg&i&H%&i{i%@%ﬂ%ﬁ@%@c@r ate O

el ectrical contact region on ~eac Vi ces e su

The seni conductonnegimalcageecticthe cltctngal anamey ragiodc@cdhe gecohditnievibetoghsd t he
first 1C 30 dei/)i ce perfornms a different function than the second IC
devi ce. substrate.

10
6. The semiconductor package according to claim 5, wherein said electrical contact
region on the second IC device includes a first row of electrical contact regions on
the second IC device; and the semiconductor package further comprises a second
row of electrical contact regions on the second IC device and a third electrical
15 connection that connects an electrical contact region in the second row of electrical

contact regions on the second IC device to the substrate.

7. The semiconductor package according to claim 6, wherein said first and second
rows of electrical contact regions on the second IC device are located on mutually
20 opposite edges of a first side of the second IC device, which is on the other side of

the second IC device to a second side, to which the first IC device is attached.

8. The semiconductor package according to any preceding claim, further comprising
at least a third IC device, the third IC device attached to the second IC device
25 \ with a spacer; and
at least one electrical connection that connects an electrical contact region on

each of the IC devices to the substrate.

9. The semiconductor package according to any preceding claim, wherein the first IC

30 device performs a different function than the second IC device.



