; UVe3eN<X6: T37  MULTI PLE CHI P SEM CONDUCTOR PACKAGES The vention
reI at'es to seni co&@m{)or packages and, in particular, to SW ! m
evi

Packages “mmmmmm re than one integrated circuit (1C f t he
Dual In-| DIP) fanmily, the Small Qutline Package §€15’) famly

or the Quad Foewo2Pack (QFP) package family. The rapid growth of portable
el ectronics and w rel ess communi cati ons appar atus has necessitated rap| d
devel opnent in the fi q\/IgL‘TfIPIﬁ@Fﬂﬁ'S I'C%T@EEWPJAPJI@@GESC‘“ ar, the rapid
growth in the requirenents portabl e conputer perfornmance and the
increase in features in portable electronics and wirel ess equi pnment is

driving the requh_gerrent for theéqe tect roni cs packa ustry. to produce

devices with & it dnveRtigh ﬁ%‘i‘?{?F?““d’é‘ﬁ‘é‘it‘PSlpa%ki‘%séB R PEICHEr. i e
energence o ﬂﬁ.}f@} ce the
design Ii fegi"gfé{"téd‘gwé’ﬁa?%e% I'p Hrri'alg%&ré@f%}r%ngggg%ﬁ?dr%rgﬁ?[]g@?geggee%drq t wo
years. I—bvvevéth,e DLheId 1if1eer:qkagte(Ei1P) B@sy, thredSedleOutlmeiPaskage (SORRfanglyodtuct s i n

general , erefore incorporating two or nore IC
chips in a gi %‘Faéﬁg I&SBZ{)EEE tf"’rléphléfensi ty requirenent of the product
life cycle to deygé %la\gﬁohﬁhlbfp&tdm éléd%%{&%@wutekb@s t@fmehichiéhsact ual 1 C

chip design cycle. Figures 1 and of the acconpanying draw ngs depict a
convent i onahpnﬁe@ugmsfr@pemﬁtﬁd pApEd @ﬂviekvpp@uk@géeﬁelﬂmflpa@@gmguc efyces.

Tayers 5. ot BEACRe dad e o s R O pRb BT

connect i®n afieks irdeasd uafetahrrmg hovthible Bleelrextity m@ablrabgrbalhﬁmwhexstcrramgm tted
between the | C devices 2, 3 and the apparatus in which the sem conductor

package 1 i Sieyseremesé fczsﬂhtcﬂ#ﬂmu%axa%& pausiyda proxhuce deviegsavidly feged
around the :gjpae;; e r In
order to f a?:’?a gﬁég}%egfen ele t% ?’irlgtl:t O?:% ﬁ%@lgltg ;ﬁ (l)sﬁtfge %:%@rén g%ég&\e 81%? lreizt'g11
connection aacfbmgmgaMCBB Thizas b atengearssite the desggndife agtiedf bab& chip back on

t he di e paddl That to _say, the passive face of each of e lC
devi ces 2, a?’?eﬁ‘méfﬁ'efainﬂ‘ﬁ@sdgyﬁ% Oé’eaflshg{qéf?’eé’@f % ecé(Slﬁﬁ’éiDElson ar eas

2a, 3 ajar ez LectRARAGnkindriRo AR if QBLLAL A tPRACKRYST shopitt eTRGbfoter m nal s
(known as |eads). This arrangement IS, however, di'sadvantageous, especially
when packaglmgmmlngltmloamdrd@lelwms:esa sifigle patiage ehabids thodensityi on ar ea

| ayout of the first s a.mrror inmm out of

L% cot 1 BapirkigRtr S b O TR e R ubiBn Rk ind BR0Ge by it Trg 87 250 5

30  signifieaRtdayid aﬁPeaﬁgﬁcﬂ;Jw Eighmh @4hil ¥ Flhd ft8o@¥aRiMRlra®imst ri cal
connections for connecting the sem conductor package 1°to the apparatus in

whi ch it i sd¢meitaadonsentionnl designdbt apitiple duppeckagesndn Figuov brtboe by eit her
ddi f. t.h t th
e pod cHmEbHSRY bRtkaRY Sl N8 1CHe B S PRI BT fispe Wb Tor by

having two & deid pedidesi Bieh of 6RAQ devichs £ h?ihds&&’mﬁcad)f:oﬁd&&uﬁi &edsdac 34
connection areas being the mrror imge of the other. Both solutions

i ncrease t hETe¥hy which 5“36*(9’196# el rse gé?ﬁ“é‘ﬁ%h?ft”@?n Elﬁéf@ai@élcﬁ%a 3 %Rfirt@‘ase t he
nunber and gqugp%

i ncrease the tﬁ?l(i gﬁ lﬁe@grrng(’r gg?‘l?to 1r(e?greerelgI§ ui&ﬂg}%ﬁﬂ%&“&l &%\‘%’5&@2 urt her
convent i onakrede3a,§a afeoarralgndlbztoupdl thegieriphgp ot teradtivd arfapeckfabel1. Two I C

devi ces_22, 23 are.a di,e padd e |l evi ce IS

att ache®® asIP8FSre - fﬁ%&ﬁg %@Clﬁ%&%@% cc ag‘a}?é‘g?twgs%‘%ﬁ%ﬂ?ﬁﬂcarts passi ve
si de to thecghiRchciisttss 2?a43a1€H@1(9aéw&eslzC3 dRVAtRBhedbdcR t@bdckCpade R the die
paddl e 24 by neans of a flexible tape using a Tape Autonmmtic Bondi ng (TAB)
15 met hod whiddie ¢omhatds & saethe passiviei faedl ofcainelcthp davleess2 Zzabemdesiﬁe | C

device to t nal ge 21. The

el ectrical gl%naﬁée(%ﬁde% Tal%ggers&%l gon(?)lga{%’(ﬁea}%? ,‘[3:&‘]3%88}6{‘\“ ce %2‘5% wi re bonded

to the extesemicohdreis padkagkiowsiesial tarmimii@&nhown apleadlonThish@ranpagehad, ween t he
el ectrical gonnectl on areas 22a on the second |IC devige 22, flip-chip bunps

25 nust >be APPPYBcieasvaMBEAUEESPIALY %ndaﬁlﬁ’aaaw améaglczéfaneﬁ fhe IC
device 22. Ilfabélca%an Ah&ASA i?%fm‘c‘@ﬁrof%el@ 5979 hEAY b b Produce

t he sem conduct or age ence its cost ut a SO I ncreases the
conpl exi ty dierewut hétﬂe@l&t&watamnwsm dreassmphe sitconld [Qtlevicppelhshi ps, to be
wi re bonded as usual, and | ower chips with bunped el ectrical connection
areas. Once | C devices have been designated as | ower chips 32 and bunped,
they 25 cannot be used as upper chips. Furthernore, since this device uses
two attachnment techni ques, nanely w re bondi ng and tape automatic bondi ng,
equi pnent for both these techniques will be required, increasing the cost
of production still further. It is therefore an object of the present
|nvent|on to prOV|de a senlconductor package and a nethod for |ts

g .




a first IC device with a plurality of electrical connection areas on the
periphery of an active face; a spacer, attached to the active face of the
#first 1C device, inward of the electrical connection areas; a second IC
device, a passive face of which is attached to the spacer, and having a
plurality of electrical connection areas on an active face opposite to the
passive face; electrical connections bettween the el ectrical connection

areas on the fjirst and second |IC devices and a plurality of external
el ectrical ciéRHcABIsICHases e e TRIexiEy e Wée@awsejecal?ﬁme%a&%e is

advant ageou t r it than
convent | onal TR e LESERIRHARAS HelfheS B IE Dot A Rl R IPEOMEE |
connecti ng fTha mblﬁeﬂnrii; caivenﬁmﬂalgtavemomeé:asnther dddmgexteatistabuticer layerabs can be
used but the IC _& ¥ ces, ar or| Ed th s&ne way and tge fore the | ayout
of the el ecPRs ehine ‘gd&’)‘ﬁ 3 %rt & wire bopg,gonnsplons o theapdsican fevi ces
rather thang {g&ia&l%mo&ﬁ eﬁlpé Hﬂ%ﬁﬁawﬂg‘m% 1@&%@@%@& gakedi WRR the) y G 8f Bleesent

e c

i nventi on, el ectrical corfnection areas on tRe secon evice are
arranged oneEhEmplecmnperEwyl apdfasibeingadled inreorfimege affie bHer.sBnihcohdivos or package

further conprises.a thir dev ce, the, passi side. of which is attached
to the acti VEreRalesPotdidradictininy cribor BT prtkeet 0f rERE LRECEPRESl 20
connection aﬁ@@&ngexﬁmfta%méssh@ SEpsir6@uiRd Ang hRséfbiCiatresRNAG Gk Mosd ar e
provi ded between the ‘el ectrical connection areas on the third I C device and

ext ernal el eEproduetiontestass.nal s that protrude fromthe package. This is
advant agpous ot nifphls shOG #RLAR: Ol Brddel del o APYLARAIDGEGRSES the

function density age w i'can i ncreasi ng the

conpl exi ty eémpbadliedrigcitdpe 2$emwzﬁmmms 2Dazskeaeettac$p@eoid@qiaﬂade 24| | 25
three of the IC devices are orjiented the sane way. This sinplifies the

connect i ons OpedGelerice Ré is@CBYhREGR ‘ﬁﬁ@khblém&ﬁ%ﬁ ofipe aéb?)%Y%%ngor}d#P&ml ch it
s instal | eds L0 A%l ELORE pURIETROFIBAL R adhR N ERLINAR <o Blossl 1 cal

connection areas on at |east one o vices are wre ed to the
external el eaddiée 2aby tresans oid flexiblie sapteasngi ajlapei sutvmbtic Romding ghdiBunder st ood

and therefore the costs associgted with it are 3 tively low In a yet
further ! bremwdv@ﬁ%s%ﬁttheoﬁeﬁtﬁ%alﬁP@&éH?n o %Qfﬁﬁ GEUITRRST cal

external terminals 27 of the semiconductor package 21. The electrical connection
areas 23a of the first IC device 23 are wire bonded to the external leads 27.
However, in order to prevent shorting between the electrical connection areas 22a on
the second IC device 22, flip-chip bumps 25 must be applied to the electrical
20  connection areas 22a of the IC device 22. This both increases the number of
operations required to produce the semiconductor package, and hence its cost, but
also increases the complexity since the IC devices must be separzited into upper
chips, to be wire bonded as usual, and lower chips with bumped electrical connection
areas. Once IC devices have been designated as lower chips 32 and bumped, they
25  cannot be used as upper chips. Furthermore, since this device uses two attachment
techniques, namely wire bonding and tape automatic bonding, equipment for both
these techniques will be required, increasing the cost of production still further.
It is therefore an object of the present invention to provide a semiconductor
package and a method for its manufacture that contains multiple IC devices but
30  which can be manufactured cheaply and reliably.
According to the present invention there is provided a semiconductor package

comprising:



connection areas on one of the |IC devices are connected to the external

el ectrical termnals using tape automatic bonding. This is advant ageous
since the use of tape automatic bonding enables a tighter pitch electrical
connection between bond pads and the external electrical term nals.
Furthernore the use of tape automatic bonding is advantageous since it
elimnates the risk of shorts between cdnnections created by the limted
space. This nethod of connection al so reduces the tine taken to assenble

t he seni conduct oﬁqﬁ%fé%f%@‘ce%ﬂ’o@ﬂf’*ﬁz‘t)f%tefgecéré%ﬁﬂmlf%%%re%?or’c‘ll?é present

i nvention tB&rutﬁ] bﬁopérpé’du@@@'ac% met hod of assenbling a sem conductor package
conpri si ng: aching a spacer to the active face of a first |IC device,

i nward of a pl uralspao;r bOadfeded detaciivaface ofithedirstd deveasineard dfshper i phery of
the active face. of s | C device; formng electrical connections between
said el ectrF@ﬁ'i”cﬁlocr‘PHEE‘qu&r‘?r%ﬁseas on the first IC device and external

el ectrical term pat&ndattRelbNDpdsEioe PRE SF WRidhas sttthe@toSBE 9putet, Gndevi ce to
the spacer; and form ng el ectrical connections between electrical contact
areas on t haviag pphiraliyfod elsciicak qpanecsion ieEas On dawridve faprioppesiés iedhe el ect ri cal
term nal s. [ﬁs%wer}gentl on will now be described by way of non-limting
exanpl es w PRererefence to the acconpanyi ng drawi ngs, in which: Figure 1 is

a sectional vieweRttrRalCenvedniondbetweshitheigdcaicabtdhneenocaedduntthe fipaakdge; 20
Figure 2 is a sectional view of an alternative design for a conventional
mul tipl e chPgosdht derigeransra paekbig; exmr@qiﬁ@cglmlstean@é@tth%rpaqtmﬁeéwr%f a

mul ti plj o ChiyR psagga onduct or package according to the present invention;

Fi gure is a‘sectional view of an alternative nultiple chip sem conduct or
25 package accor Clhrsg)abbageHEadMaaEagCHusishme[ﬁd&\ifﬂrp;rocaming:istgpsraa’e5eq'u$red1tcsecti onal

view of a further. alternative | L. e ch| m conduct or age accordin
to the pres@dUfHi "‘tﬁ?ﬁver}ur‘?n?lgggcé ﬁ’iar{jg“ﬁ’é‘r 'f%nvﬁ’é%‘a }egﬁn g‘éefserence °

nuner al s. F&‘cﬁ%ﬁn&uﬁ@ QNSe|EctS ST GRAEHE %a@t@%@&&exﬁll t@?rmh@l@ cHxE Sé B&d
invention. Two 30 I C devices 42, 43 are joined t)g/ means of di e paddl e 44

whi ch funct botibe &€ davisgrare prlemhéﬂulsmpamnaad Aaerétoreathe éwheﬁofttbe elnetrigelt i ve
Face of g hechlmecttlorll aCregse1\é Itl(l:eesa?nze tgy bORIE 2 dev1ces rather than being mirror images.

In a preferred embodiment of the present invention, the electrical connection
areas on the second IC device are arranged on the periphery of its active face and the
semiconductor package further comprises a third IC device, the passive side of which
is attached to the active side of the second IC device, inward of the electrical

20  connection areas on the second IC device and electrical connections are provided
between the electrical connection areas on the third IC device and external electrical
terminals that protrude from the package. This is advaﬁtageous since the inclusion of
a third IC device increases the function density of the package without significantly
increasing the complexity of producing the semiconductor package. Specifically, all

25  three of the IC devices are oriented the same way. This simplifies the connections
between the semiconductor package and the apparatus in which it is installed.

In an alternative embodiment of the invention, electrical connection areas on
at least one of the IC devices are wire bonded to the external electrical terminal. This
technique is well-known and understood and therefore the costs associated with it are

30 relatively low.

In a yet further preferred embodiment of the present invention, the electrical

connection areas on one of the IC devices are connected to the external electrical



adhesive 45. The electrical contact areas 42a on the first IC device 42 are
ar ranged around the periphery of the active face of the |IC device. The
die paddle 44 is attached in the mddle of active face, inward of the

el ectrical contact areas 42a, and therefore does not interfere with the

el ectrical connection nmade to the el ectnical connection areas 42a.- The
passi ve side of the second IC device 43 is attached, by 5 neans of adhesive
46, to the @rhadalsisie @pe alhslndﬁ@bm@g.enﬁéistﬂvmﬁ%e‘ohg Sincé thedBY bffpe
Therefore both I C devices 42, 43 are oriented in the sane nannermiﬁctlve
si de up in ewemate herringpnablasaiighies pitcly eleetrigyl comhegtioh betvachdondp of the

Choul o bo. nabhe epislh BeERRaC1EApin phinbied BTt Bfepe SBpiadrpine '

advant ageous ddeantaggtius sinde! it telifnimacithe eisk df hotte Beiesh BeniedBord cré@éEby C
devices that are the sane, the present invention is not limted to this and

may be uledthfilimitedespresnbiie msthodof eappestion alsa resiupes thetimevakeadoof di f f er ent
types and dj i L.rical connection areas 42a, 43a are
connect ed t%gS% g%&%%ﬁﬁ%ﬁn%—g{e}%@%@g” termnals 47 by means of w re bonded
connections 48, AQcordingtoalsegondispati bf the prdsent imvdntion aliere iyprevideda ar eas

42a, 43 a wll he conp@tl:.ted to.different electrical termnals 47. The IC
devi ces 42, mggiodiqf assgmbling g seroicondugier Ragkage SORWEISIN8hs bet ween t he

el ectrical connegiifithed §Ragerdethe 8% ARE of RErSICHIRE, iﬁbv%tinaC;ﬁhraiiﬁf m nal s
are enclosed within a housing 50. This housing may be an encapsul ant,
formed by, 6beleeixiaalgonnectionarpas dn theqeeipberyof the astive facs bEsaiddbliddviag net hod.
The housing nmay al so 2 e comprised of a base with a sealed |id tg cover
the IC devices aRdTuuAAERTealEoRneREns DRWEFLRICT Cotfige! RORESCHEN rieat 8o ot ect
the |1 C devi g l@ddvichendonaasl diedtscdl t@migy/si cal danmage and danage caused
by the environment. |[n order to assenble the sem conductor package 41, the
di e paddl e 44 | satiching{be pessiverfacerqfragecond [§edavice ta the spasar; ade el ectri cal
connection areas 4?@ [k Vi 4 ] .1o the
external electri (f:Oa %@F#ﬂg‘f@ %ﬁcgﬁ%ﬁeggg%néc}&ﬁ%c%g\g}lﬁtg%t\%ﬁéa%iog‘ qgggglevtﬁuent |y
att acheds t ofdchef diesepaddiCededidce dnexdapl bleofrichinerntinglspaddl e 44 ensuring t hat

there is sufficiept.clearan be en the first and _second | C devjces 42,
43 to ensure thatﬂ? Hhvegfé%wﬁf vw@‘éﬁw&iﬁaﬁbm@x of gen-{ipyiang exapnlgstWth he wir e

bond connecldraR,&XoREE XEEH Bﬁﬁn%lifa%&inéscirﬁ%}{iicﬁ? and the external electrical
termnals. 30 The electri cgl connection areas 43a on the second | C device
43 are then wi r eFigundlbds 4 secfiomal Weew efet eanventicmabmuitipdeadhip semicoadwstot 7.
Finally, the | C devices 42, 43, the die paddl e 44 and the connections 48,
49 between PHEIEE devices and the external electrical terminals 47 are
encl oseggin the Poigd Mok D&dctibhal Widw ot AMRRIEGE aésesh fdRalcohftibhilst two steps
may easily be reversed, nanely the electrical connection areas 42a on the
first |C dewudiplaghipggminondiater psskasd to the external electrical terminals
47 prior to the di d 4 being at hed.to the first-substrate 42.

Li kewi se the ordgﬁ%ﬁg?gﬁd%cﬁﬂ%a??’ %epg?ta%é\lgﬁ?gec%hﬁ‘gSﬁre%g%c!}llcioééjg Kamel y the IC
devi ce wi t hat¢doedifig € thagedsentdhveagibad to its active face and the | C device
with the die paddle attached to its passive face, respectively) can be
reversed. As shoWBWa* K 3tfctonnl vieyeolan aliemative medtinle ehip semiconddter 47 are
down- se T I YN WE the external electrical

term na?sthgf%klagé%%c%{(g%te%ﬁg ﬁggﬁlﬁﬁgﬁég’uﬁang 50 is bent down to be at a
simlar |evel toFiguee 5 mwesectbnd view of afwtheedtermdioe prads@atchipnvention i s not,
however, |imted &o t hi slgqand thg. extﬁ%nal electrical termnals my be
up-set to bETREORAYCITDACKARRAFHrAG 1o (e RIFFERLINYAUPEy i ce. As depicted in
Figure 3 the el et tHeGakure)MRe phitORavRNRATeRAce MaRedlR. t he | C devices 42, 43
are arranged around the periphery of the active faces of the IC devices ~ 5
42, 43. However, Figwe3 geas asamipendugior packege Fhef pheasesant invgdioni diwvaray use
| C devi gges | i t I i r . I on the
per i phery ofC SRaCECid 08 ofelgielh thesig BEF Bl sRRIRUAIR RuPlibos R3RE"T, L0
may be :cocatrhsl diejr})addl?: ﬁrishmheg\h%tharaeﬁmﬁh dceghhuﬁrsttme deﬁiné ?albyaxxéaals of the
active face t he | evi ce. en such | vices with el ectrical ,contact
areas arran &EPSBFH"ér Theg cgi‘@h?fﬂ’t%%ére%“%i’e?’ig]ﬁé'}r? IGrdevicedd A aangid present
invention, it may be necessary to add a wafer redistribution |ayer to the

| C device. The redistribution [ayer, which may, for exanple, be a wafer
redi stribution |ayer, provides electrical connections between the

el ectrical contact regions in, for exanple, the centre of the active face
of the 1 C device and el ectrical contact regions on the periphery of the
redistribution layer. In 25 effect, the redistribution |ayer noves the

el ectrical contact areas to the periphery of the I C device thus

s -, = N - oy Ly . Al —4+— ———, - Y M




In this case the sem conductor package is assenbled by first attaching the
flex-tape 69 to the first IC device 62 and then attaching the die paddl e 64
W th an adhesive 65 to the flex-tape. The renmi nder of the process is the
sane and its description will not be repeated. |0 Figure 5 shows a further
variation of the enbodi mrent of the present invention showm in Figure 3. A
third IC device is included in the sem conduct or package. The passive face

of the third IC,device 91 i.s connected.to the actiye face of the second IC
Gevi ce. | Therien S ohry ok Uecieaat fiea ot Hed Cor it OB i FRARAATE  nanner
namel y acti ¥@.dhag e HRWRHER off AetlREadY, SANEE TR e RRAWAI bdhedd: GMLE4 D ahdd T he
enbodi nent 15 shown in Figure 5 the third IC device 91 is smaller than the

second | C déerafere8Reanet intrigte vt ahictdicabcdmasttion @adediorteetlkgirical t he acti ve

face of the second | C devi. 83, .i nwar of th l.ectrical cant,act areas
535 of the. SURBAAT EobuiAHe o he prestiect il AnRtecoE G ERER FERABRTRY ed £o

thi's howevemeandoft fi@editeé 46l b ChedRNdrGRIeMEYhdEe phddE e Y MRACHePlcea Second
die paddle, in which case the third IC device may be the sane size 20 as,

or bigger t Rasrefarpaothlfsdevigrs 42 5qe onenterbi the samemangs (actiye sle tiR | cal
contact regi 1R C [ either by wire
bondi ng (ashlgé%ﬂ%%?rﬁerﬁ%%\pgugﬁgg% i83/ Tﬂg%z&g& eéﬁ%ﬁg?%%gﬂ%hgcq% o the external
el ectrical tedmcted srefer42aShda isalid samef for likelC d&icay ltshsuldiy noedsthacessi vel y
attached on top of the third | C device 91 by any g{{ t he above-descri bed

met hods, as 2itReygntegpresant mvgniggnas peeciallypdyaiageois (I SeMIGRERARFPACk 85 i si ng:

afirst §C ?&%Eﬁﬁl&%%rﬁn&lﬁ@%@&é’s tBhe 28 Bl Bﬁggﬂhe gfb{%ﬂg%\ieﬂﬂoﬂserﬁﬁ on the 5

peri phery of an active face; a spacer, attac t active face of the
first | C delimged to thimamd by bdesed|vatt senoedndocon paxtkagaes caneasng K- decosd | C
device, a passive face of ich is attached to the spacer, and having a
plurality opfgllﬁéﬁetnrti%'@ﬁis a‘&%m%ﬁwgﬁesar eas on an active face opposite to the

lo passive face; T8k efbiricePlonA&dAGa8a3a Bh WREDNhAReRloast Extedl] connect i on
areas on the first and second | C devices and a plur aldfing% of external
2

el ectrical tleetmicakiegninplstd7dyonsans ef wirepondrd qeankctigas Typicgys conduct or

package accqrdin o.claiml..wherein the electrica Q cti.0 Feas on
Phe second. ALy eledripltdireinii S e o8B MEirkhi i B ARG Y GES, ana
further compuringidlg47 aTkdliq @bvides dVA%; ehe dle padité ¥4 akd the cohneohibidbetsedt t ached
to the active side of the second |C device, inward of the electrical
connect i on Heedectaepl cornesbemirgas 2ag#la and: tho extermal dpereal igainalvfect i ons

bet ween t he rj. b - j deyi ext er nal
ol ectrtcal PRSTAER n3PRREDS CRuBhORInO ha BE o) Bhidsliind BELESLERE, O
package accexdhplg, 4 bquid protess ariby 2, trankier edonldifemethedt The Abusiy mayaBet i on

areas on at | east .one of the.]C deviges are wr onded to the. external
el ectricll PerarRYsed of & b@éweéﬁ&ﬁfﬁ?%ﬁg &Wa@@ea@égmﬁwdt@ne?%ioﬁﬁ 1, 2 or

3, wherein tie fglgeh bf ﬁﬁlhoﬁgﬂg%ctbipi’&e@rtﬁ@ﬁ: O8i@slan@thel DBnd GoHERbRES are
wire bonded to the external efectrical 30 term nals. . -

physical damage and damage caused by the environment.
In order to assemble the semiconductor package 41, the die paddle 44 is
attached to the first IC device 42. Next the electrical connection areas 42a on the
25  first IC device 42 are wire bonded to the external electrical terminals 47. The second
IC device 43 is subsequently attached to the die paddle 44, the depth of the die
paddle 44 ensuring that there is sufficient clearance between the first and second IC
devices 42, 43 to ensure that the second IC device 43 does not interfere with the wire
bond connection 49 between the first IC device and the external electrical terminals.
30  The electrical connection areas 43a on the second IC device 43 are then wire bonded
to further external electrical terminals 47. Finally, the IC devices 42, 43, the die

paddle 44 and the connections 48, 49 between the IC devices and the external



9 5. A sem conductor package according to clainms 1, 2 or 3, wherein the
el ectrical connection areas on one of the I C devices are connected to the
-external electrical termnals using tape automatic bonding. 5 6. A nethod
of assenbling a sem conductor package conprising: attaching a spacer to an
active face of a first 1C device, inward of a plurality of electrical
connection areas on the periphery of thé active face of said |IC device;
formng electrical connections between said electrical connection areas on
the first | eleggispbisrmainglsédtass enalosstl ét theihensing &0.nitvell be appregipted dhatiks a
assive fac f - VJ . . ctrical
Connect | ons EatuesRPE il epriy Ricirad philB IRPEEL AT BB BaPA A0
second | C dehwd fist Bhdewdod 4 may beéretbiondad tottks edterahisclectricah termiintadsd Dprior

assenbling a semj,conduct or. package according to claim6, 15 wherein said
el ectri cal &a‘FE&‘T Parﬁdgea%“ Biing préac E“Hoyt eﬁéséégﬁraftclf‘@- dktier heomsyingdTare
ar r angeds on yidiespaid RASIYICO8eide (BEIdY thell8CRyick Bt BRGaliflRELARYP! | S1 NG
the steps of: attaching the passive face of a third evice to the active

face of theitsectovedfateCamiehe ¢€ devipevartt tioef die pedd¢ ettdched al itcmassise facar eas on t he

second | C devi ce ﬁ,nd 25 form'@g el ectrical connections between el ectrical
contact ar eXSPEANVERR AP IR¥PELe of the third IC device and external

el ectrical term nalshowR in Aigid NARe SfterddisRstii¢dl &rMim®d TABAYGhAEL PRk age
according to clainms 6 or 7, wherein the electrical connections between the

external el &ctorspy die seetion 4l of thmekternal detiigabtarminghthat isieonieined matiin g one of
the 1C %’ Vi %Sﬁsugé (0 {sga{jegfgm’p% toaikevgt ra%ugﬂ}qév@ torTE'la‘ltS rl]cg\?%{io 'heélértgévri]c%g ?T’le

assenbl i'ng a“sent conduct or package "according _ 0f '8, "Wherein
the el ectri @adseamietibh @NgothiRiwerer) lidiedextied aad thekgeinal slattriterndiadls and

the 30 electrical contact areas of_ all of the |IC devices are forned by a
Wi re bondi n§ayderpdset to be at a level similar to the upper IC device.
As depicted in Figure 3 the electrical connection areas 42a, 43a on the IC

devices 42, 43 are arranged around the periphery of the active faces of the IC devices

15 42,43. However, this need not be the case. The present invention may use IC
devices in which the electrical connection areas are not located on the periphery of
the active face. For example, the electrical connection areas may be located in one or
two rows arranged about the central axis of the active face of the IC device. When
such IC devices with electrical contact areas arranged other than around the

20  periphery are used with the present invention, it may be necessary to add a wafer
redistribution layer to the IC device. The redistribution layer, which may, for
example, be a wafer redistribution layer, provides electrical connections between the
electrical contact regions in, for example, the centre of the active face of the IC
device and electrical contact regions on the periphery of the redistribution layer. In

25  effect, the redistribution layer moves the electrical contact areas to the periphery of
the IC device thus facilitating the function of the present invention. Whilst the use of
the redistribution layer is especially useful for an IC device which has the die paddle
attached to its active face, it may also be useful for an IC device that has the die
paddle attached to its passive face since it will reduce the distance that the wire

30  bonds have to reach.

The adhesive used to attach the IC devices to the die paddle may be in the

form of an adhesive paste, coating or film. Furthermore, although the IC devices 42,



10 10. A nethod of assenbling a sem conductor package according to clains
6, 7.-or 8, wherein the electrical connection between the external

electrical termnals and the electrical contact areas of one of the IC
devices are fornmed by a tape automatic bondi ng net hod. | .AAF. AN A
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shown in Figure 3. A third IC device is included in the semiconductor package. The
passive face of the third [C device 91 is connected to the active face of the second IC
device. Therefore all three IC devices are oriented in the same manner, namely
active face upwards in the arrangement shown in Figure 5. In the embodiment

15 shown in Figure 5 the third IC device 91 is smaller than the second IC device 83 and
is attached with adhesive 92 directly to the active face of the second IC device 83,
inwards of the electrical contact areas 83a of the second IC device 83. The present
invention is not limited to this however and the third IC device may be attached by
means of a second die paddle, in which case the third IC device may be the same size

20  as, or bigger than, the first and second IC devices, 82, 83. The electrical contact
regions 91a on the third IC device 91 are connected either by wire bonding (as shown
in Figure 3) or by tape automatic bonding to the external electriceil terminals 87.
Similarly, further IC devices may be successively attached on top of the third IC
device 91 by any of the above-described methods, as required.

25
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1. A semiconductor package comprising:
a first [C device with a plurality of electrical connection areas on the
5  periphery of an active face;
a spacer, attached to the active face of the first IC device, inward of the
electrical connection areas;
a second IC device, a passive face of which is attached to the spacer, and
having a plurality of electrical connection areas on an active face opposite to the
10 passive face;
elestrical connections between the electrical connection areas on the first and
second IC devices and a plurality of external electrical terminals that protrude from

the package.

15 2. A semiconductor package according to claim 1, wherein the electrical
connection areas on the second IC device are arranged on the periphery of the active
face; and further comprising:

a third IC device, a passive side of which is attached to the active side of the
second IC device, inward of the electrical connection areas on the second IC device;

20 and

electrical connections between the electrical connection areas on the third [C

device and external electrical terminals that protrude from the paékage.

3. A semiconductor package according to claim 1 or 2, wherein the electrical
25  connection areas on at least one of the IC devices are wire bonded to the external

electrical terminals.

4. A semiconductor package according to claims 1, 2 or 3, wherein the electrical
connection areas on all of the IC devices are wire bonded to the external electrical

30  terminals.
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attaching a spacer to an active face of a first IC device, 1nward of a plurality

of electrical connection areas on the periphery of the active face of said IC device;
forming electrical connections between said electrical connection areas on the
first IC device and external electrical terminals;
10 attaching a passive face of a second IC device to the spacer; and
forming electrical connections between electrical contact areas on an active

face of the second IC device and external electrical terminals.

7. A method of assembling a semiconductor package according to claim 6,

15  wherein said electrical contact areas on the active face of the second IC device are
arranged on the periphery of the active face; the method further comprising the steps
of:

attaching the passive face of a third [C device to the active face of the second
IC device, inward of the electrical contact areas on the second IC device; and
20 forming electrical connections between electrical contact areas on the active

face of the third IC device and external electrical terminals.

8. A method of assembling a semiconductor package according to claims 6 or 7,
wherein the electrical connections between the external electrical terminals and the
25  electrical contact areas of one of the IC devices are formed by a wire bonding

method.

9. A method of assembling a semiconductor package according to claims 6, 7 or
8, wherein the electrical connections between the external electrical terminals and the

30 electrical contact areas of all of the IC devices are formed by a wire bonding method.
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