5 SUPER HI GH DENSI TY MODULE W TH | NTEGRATED WAFER LEVEL PACKAGES FIELD OF
~THE I NVENTION This invention relates generally to integrated circuit chip
packages, and nore 10 specifically to a nmethod of form ng an integrated
circuit package at a wafer |evel. BACKGROUND OF THE I NVENTION Wth the
increase in nenory needed by software, the trend in state-of-the-art

m croprocessors is toward hi gher perfornmance, high-density nmenory nodul es,
such as single 15 in-line nenory nodules (SIMWs) or dual in-line nmenory
nodul es (DI MVB), which are circuit cards with nenory chi ps attached. Having

hi gher &gpacity menory chip upj Qlﬁmg y chip units on a
menory dule is one i % ﬁ&ﬁ%ﬁ%a nodul e.
Conventi onal net hods Wﬁ&ﬁg TE drf YELIAGKMaEDe i s t hr ough

stacking 20 the die units or attaching a daughter board to the mai n nodul e
board. However, a profusion of 'Fi@yﬁgmmiﬁ%cts such as pages and
cel lul ar tel ephones demand smal FH profile products. The
demand by consurEKisifvehtioh filaésseneflligas inoirated it i€ shipgackdges@dsastet he need
for powerful yet conpact, ultra-thin sem conductor devices. Based on these
and ot H&r rpedficalhutoceniibipd ot famingan ingeraed direlibpaskagetja Water lezel. achi evi ng
a high density nenory nodul e woul d be desirable. SUMVARY OF THE | NVENTI ON
The present invention provides a wafer |evel sem conductor die package, a
sem conduct or wafer conpri sipSCKEROUND'GF YHEINVENTTORCkages, an

el ectronic system 30 conpriSing an tntegrated circurt nodul e that includes
one or nore of tWathihé mcrdass/iml mpmokaipeded by saftwary, the trehé ircgaterafsherarta

printed circuit board aqd an, i.n%e rgfted circujt r’rpdul e t hat ilncl uqﬁs at
Pedst one dPIFaREOGRSTass 1§ gy higherhsHormants. Mehwsauboperany Pedyleh suchs shele
packaggs Onndindah@horyaisdulesASIMIMY) 08 BaiIGH- ik hdthdry TR QI DINAS) R6ldidge One

or nore packages. In one aspect, the invention provides a die package. In-
one enbodi nareuit catge vithememory chips attached. Having higher capacity memory chip units or

packing more memory chip units on a memory module is one way to increase memory
density on a module.

Conventional methods of mounting multiple die units on a module is through stacking

20  the die units or attaching a daughter board to the main module board. However, a profusion

of small electronic products such as pages and cellular telephones demand small product size
and low profile products. The demand by consumers for miniature electronic devices has
increased the need for powerful yet compact, ultra-thin semiconductor devices.

Based on these and other needs and deficiencies, an improved die package for

.~ 25 achieving a high density memory module would be desirable.

SUMMARY OF THE INVENTION

The present invention provides a wafer level semiconductor die package, a

semiconductor wafer comprising one or more wafer level packages, an electronic system
30 comprising an integrated circuit module that includes one or more of the wafer level
packages, a memory module comprising a printed circuit board and an integrated circuit

module that includes at least one of the wafer level packages, and methods of fabricating the



package conprises a redistribution |ayer interconnecting two or nore dies
di sposed on a 5 substrate, typically a sem conductor wafer, the
redistribution |ayer conprising a first trace connecting a bond pad of each
of two dies, and a second trace connecti ng one of the bond pads of the two

diestoahb e di a rther e sul ating | ayer
di sposed ovZHrlé P%%gg?saocneasgaleer cf"/a\l'%fr5 aggbrﬁ? rate et r"r?@ﬂt?? gﬁ“ B?‘?hf B MPEd. " In
anot her enbgudtkapes., the die package is an i ntegrated wafer |evel package 10
conprising a plurallty of electrically conductive traces di sposed on an

insul ating film Invagshes thewvertionmrevideses digipspkased lnanaembedisent the die

waf er or ot ne, or nore

each of theqlgi ?%Q%h? té%%%é%“f@l{rtg’ﬁl gﬁl{t%rﬁgm ﬁg% Ko %lgofeh@ﬁ? gltsg%sﬁapplam a
redistribut |sQBstfa@é/ @ypi €AY ée&h&ﬁhd@ct@k wWaldrl the rédisttibae&s1agercedddirl sitpd4l first trace

di sposed on the i nsul at i ng film and a first trace of the redistribution

| ayer inter cs:@mf@émgmd)oad pad pbeashpd dwo dies, #ndr%&ecdndatrm ctolneeqjmgd)q@axf tlef band

second di e, trace n i ne of ads .t 0 baII
pad di sposed)agﬁoﬁbg‘?wﬂrsafﬁ“ ??6“ ? et ﬂ’ﬁgac & Cg%gu @che aglalgﬁula Yfad
of the dies digposéd 6% tide toatkl, aﬁ%r@rbaﬂ‘éoﬁtla@tIﬁ@lﬁlﬁecpéﬂtlﬁfbaﬂ%ﬂher di e which
bond pad is connected by a ‘trace to a ball pad. In another enbodi nent, the

di e package conprlhsiegthahemmcbglﬁa&»ﬁ@ diapagkape 1sein 1p@gmgbwafe2t¢vcbmasq ng a

support ,substrate ond ctor wafe r| Si. ng

three - 8 comiraingaHhaR d s iSRRI e we nia e o s oirdhg s

i nsul ati ng fdvk:ﬂyﬂgiﬂg%?%or@&% disp6sediohSa dntiborRREidk AaferOF B Bebsthf, Q%chlpads
of the dies; a plurality of traces and ball pads disposed on the |nsulat|ng

film a bonctop@dlsmg asgoh nofre borid pasts, atidecagh df thedond pdd%expom@hmghamtcmdning im

trabe and e. of ond of .the first. and.s di es ect.ed by
25 a trace (8 WoHaRRE BR: » GANEHPRLIG PEDEHnGP SHUSL OIErS 1 RIS, and
a plurality @dposéPéethe lﬁlguwa%qﬂnp Bnd A€irdt ik 8f the FedidyiBltior mc;éﬂa@ltemxaeéﬂ@%e
connecting a bon pad of either fhe first die or the second die to a bond

pad of a5t hibodd gads of a firsp die tarthe bend mdbd‘du seeond diernddi secqratbikangecopneptingHas ofin
SN N N e
conpri si ng ®aRd phd BPHR dRARE eRBEIS balNshdritd Efetbond pad of another die which bond pad is
connected by a trace to a ball pad.
In another embodiment, the die package comprises an integrated wafer level package,
20  comprising a support substrate, typically a semiconductor wafer, comprising at least three
semiconductor dies, each die comprising a plurality of bond pads; an insulating film disposed
over the dies with openings exposing the bond pads of the dies; a plurality of traces and ball
pads disposed on the insulating film; a bond pad of each of a first die and second die
interconnected by a trace, and one of said bond pads of the first and second dies connected by
25  atrace to a ball pad; an insulating layer disposed over the traces; and a plurality of traces
disposed on the insulating layer, including a trace connecting a bond pad of either the first
die or the second die to a bond pad of a third die.
In yet another embodiment, the die package comprises an integrated wafer level

package, comprising a semiconductor wafer or other support substrate comprising three or



redistribution layer including a trace interconnecting a bond pad of each of
a first die and a second die; an insulating |ayer disposed over the first
redistribution layer and conprising openings exposing the bond pads of the
dies; and a second redistribution |ayer conprising a 5 plurality of traces
di sposed on {die sbARBhA Uit L¥E die tHRPHGES It g a bond
pad of either tﬁe first di é or thheleseclc))n%hgi 3@?%&2&3%%@ p%ggﬂo‘%?%?ljtsﬂi rd die;
wher ei n one redisttibatiorblayer ipelddingfa ttave iftercohnectiag @bdnd pad bf eathaif @afirstsdie and a
connected by a trace to a ball d wthin the. package.. The first .
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redi stribution Layer connecting the bond pad of a of .the first, secqnd or
third dies #8d oheta e Batidie op rcsecaptings ag%%m%}ﬂ t_,hlffirﬁ’éeéd’f@f?%@!%a@gﬁle
conpri ses apohg EQ&r&{tﬁ@ﬁi’!@,fs‘é&ddﬁ{%%ird BRE KA GOIBY h ¥abOts @@g}éafdovggg@ttg% .

waf er or other Support substrate conprising two or nor e

conpri si ng paghageallhe yirofredistributpadiayeraranibe slidpasdédngn dn insuldiisgpike dverldng thee
dies, the film rji.sing openin al i gne ith apd exposi ng the bond pads
of the di es 3% Therpal pefég%&f PHLEL bR urgysgs DU eroqsldm@n?%ﬁm FAEE 11 M
and i nchydi BguR dohahal Of G SPARAE SAA dkDONAAINO bechAE PedhlniButdit falerthfn 8N
a second die; a first insulating [ayer disposed over the I rst

redi stri but itace bfthe secnd redistpibisomiyepennad i gakpbendiadadf ang@f theofist, sécanderr
first traces;. a 20 sigg% i nsul ating | ayer disposed over the first

i nsul ati ng |tfa§f§€heam Pdi ng openings exposing the first trace(s) and

openi ngs for bal gll‘l gétdaﬁxbt Pgmﬁﬁéf?rfe%%é &di gafdgg%}ngps ysaa)ﬁ%%eﬁ%‘?é;}){/v%%% gep ball

pad and a trace posed on the secdond I nsu ing layer,
i nt er connectpackagpooatprising hentpaniuntyr ovafa or loéek sugiort substeate tbrapssagnso br ace

ivent i on prstt diss: el g omatee: P ey of vend iy Gtians dHgBoR HerisEo e R U or

B Tt g

i nt egrat ed dirsteedistriboden lyendippdsed ng thetinbwdatatg Mineambiheluding\eetraqeanteaganecting

according t Ce)l btogg pad of each of a first die and a second die; a first insulating layer disposed over the
first redistribution layer and comprising openings exposing at least one of the first traces; a

20  second insulating layer disposed over the first insulating layer and comprising openings
exposing the first trace(s) and openings for ball pads; and a second redistribution layer
comprising a ball pad and a trace disposed on the second insulating layer, and a via
interconnect disposed in the opening onto the first trace, the second trace connecting the via
interconnect to the ball pad.

25 In another aspect, the invention provides a semiconductor wafer. In various
embodiments, the wafer comprises one or more wafer level packages according to the
invention.

In another aspect, the invention provides an electronic system comprising an

integrated circuit module comprising at least one wafer level package according to the



3 invention. In one enbodinent the integrated circuit nodul e conprises a

mul ti-chip nodule, such as a DI MM board, anong others. In yet another
"aspect, the invention provides a nenory nodul e conprising a printed circuit
board and an integrated circuit nodul e conprising at | east one wafer |evel

package 5 apmGetdin)dnlofe %H@oam&l@iﬂeqmegfd@ecpaﬁuﬁrmm1m rideS & IR ARALIES
can conprise an integrated circuit nodule in the f ormof a DI MM board or

ot her mul tlslmhlapalﬂiMMeboarda agohgothess. aspect, the invention prOV| des net hods
of fabricating t

foregm n q {( ag a wafe a/?

rbodi ment. of Ca. erhgRTHR e Baiagian proy s aeignsymahi synpridie aprintre
net hod conpgituRDHohRT MHduh RtdePAbStitddithb®ie LovfisiAY &f ledt oh@%rertww Hh&&ed 0
di sposed on a sem conductor wafer or other suppori substrate,

redi st ri%ut acsardizg/terthe ooeptioni gpng thﬁdahmtythcfrnemcagemchﬁmlcanm@nmnsmne bal |
pads i ncludin race, connectin of ea L rst nd second
die, and a We%zag i&‘ﬁ%@f‘f’ﬂ@ t,h %PH?HE Eﬂwg’%@ (frcﬁ’ TaTCLHh’G‘Od Y anot her
enbodi ment of a pEi hptePhs E&bfueqﬁv&énﬂgn%rme%rm&ﬁw ofti*a@nd%ﬁ AEford o d11§
met hod conprises providing a substrate having a plurality sem con uct or

di es f or nedpackigasenrs walgclevel. dn@oreprhoshmgltoﬁe nmthmtxvféabmuﬁngadhe; pagkppe/omg an
insul ating fi over. the ubstrat formn eni n t hrou e insulating
Fm to { ReVBERIHadE Brthef Soaphses Tampine AP rREuton BaPLOVT BUERBIP S over
the insyy at gigghstd bma stemco&lagét&t Whid¥bi ORet %\fbgsrt%%%rates 'tHEgre@istrﬁJ'uHBﬁ‘hdyEY of

traces and ball pads, including a trace i rconnecting a bond pad of each
of a 20 fi reimptistngamplusalgy obhacediand oaedr mote adkepacls mdading g trapecafettiveg dond

pads of theflrst nd .secopd djes to. a b ad. The net ho n further
PheT ude st el Bhoh oE Bt kiR and A6, 8 aricsopietiing cregt e TBIREN ay o1
and form ng%zg |_ ngs through the insulating |layer to the ball pads, and
nounti ng a contact on each of the ball pads. In another enbodinent, the

insulating |ayehn mthebenﬂzpdinimdoﬁwmethdde)frfdﬂicsting bmdf@‘de‘?aiylbip@kagmﬂmni ngs
nd redi stri

conpri kg BeBPR PRy OO H DB ESFD BoiBE ABUTBUG T PRI e er
i ncl uding anbfedfh SoachURS mm}fs%g[ oMt & &&@@oﬁgga&f- aﬁplmgrantlﬂsenéﬂr{g%nn%\eer ¥e the
second die to a bond pad of a third d
substrate; forming openings through the msulatmg film to the bond pads of the dies; and
forming a redistribution layer over the insulating film, the redistribution layer comprising a
plurality of traces and ball pads, including a trace interconnecting a bond pad of each of a
20  first die and a second die, and a trace connecting one of the bond pads of the first and second
dies to a ball pad. The method can further include steps of applying an insulating layer over
the redistribution layer and forming openings through the insulating layer to the ball pads,
and mounting a ball contact on each of the ball pads. In another embodiment, the insulating
layer can be applied over the redistribution layer and openings formed to the bond pads and
25  ball pads, and a second redistribution comprising a plurality of traces can be formed over the
insulating layer, including a trace interconnecting a bond pad of either the first die or the
second die to a bond pad of a third die.

In yet another embodiment of a method of fabricating a die package on a wafer level,

the method comprises forming a first redistribution layer over a plurality of dies disposed on



In yet anot her enbodi ment of a nethod of fabricating a die package on a
wafer level, the nethod conprises formng a first redistribution |ayer over
a plurality of dies disposed on 4 a sem conductor wafer or other substrate,
including a trace interconnecting a bond pad of each of a first die and a

second di e; aapmicohdgetenwales ot Gthémn@bbteateinfludihg bheact fracesntiff a bond badles
openings to the bond pads of the dies; and formng a second redistribution
layer conpfadiof firshdisead pegeand di: applyingrn syl ptingslaxerver therteacenwhicht i ng

| ayer, incl f &St or
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first or secomﬂnslﬁglia@)uurhbuytdfmcémﬂrt&llqraamemdrsh@meuleﬁng&Jyelr bheiingadacof the
first, second or third dies to a ball pad. The ball pad can _be prOV|ded as

part of Ot h&tercemnectingabppd pad P%%ﬂneag}@rﬁrstd}rmse@ﬁn%w.tﬁ§Lhoaf1 pad of ¢ fhixrd die;
| f
Over | Y09, Ueflif ubBeLihet IE MAr R0 kEGOU0BE Sy} BRE G0

enbodi ment, padieofhhe ﬁrsa,asdc@ﬁrbrbmr@ diey itel@dalbpadiallie bl pdiecandepashided as part of
redlstrlbutlon | ayer, connected by a trace to one of the interconnected

bond pads ofhefist nemsmbut@eé@wa f«&mefiwmraa ingilating film Qeerlyingdhp dies avhisediytbabalbf
a method of Q@Eréoﬁﬁé#‘%@bj tra 1%80%%9%1 Oflte o‘é\ﬁé&éd l)gﬁ/ a%adls otflﬂf 1?1‘3{ &' Cfgcond dies.

conpri ses f Bfn di stribution ayer over

di sposeg) on Irﬁanolﬁersehﬁlﬁ)ﬁirﬁérﬁ, thé ell bad 4n Beeptosided asipar0 bf thakesondasdikiributign a
plurality of traces including a trace connecting a bond pad of each of the

two dies; f&yelsgnegstaddyia wesedy onapethedpierconnected band pads gf therdirpusgcond paihird:
form ng opepl ggs through the insulating |ayer to expose each of the traces
of the firs edistribution |ayer; and form ng a second redistribution |ayer

over the insul afh & dnditRf embbdEinRACONIMEBDH D FibPldhiifa HR)REkRAd Whkd level,
plurality of ball gads and traces,_ 20 and_a via interconnect djisposed in
f

each of t hethsgaethad somprisasdoimiag paﬁrs;trrgdlﬁtasbenom leyeopitea et legstitwo digsedispogedon
the fi t
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to at feas one ba

form ng an cogiecatg mgoﬂ;caymof&vnbfthbewsemmrﬁmgairnslhluﬁng)mbxa(mr thef fastm ng
openings to expose the ball pads; and connecting ball contacts to_the ball
pads of t heresisiabitiondayest forming epsnings diroughtheinsulaiing layes te pxnpse s2chef thhe
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insulating layer, the second redistribution layer comprising a plurality of ball pads and traces,
20 and a via interconnect disposed in each of the openings of the insulating layer in contact with
the trace of the first RDL, the trace of the second RDL connecting the via interconnect to at
least one ball pad. The method can further comprise the steps of forming an insulating layer
over the second redistribution layer; forming openings to expose the ball pads; and
connecting ball contacts to the ball pads of the second redistribution layer; and further
25  singulating the wafer to form individual packages, each package comprising the first and
second dies connected by the traces of the first redistribution layer.
In another aspect, the invention provides methods for fabricating an integrated circuit
module. In one embodiment, the method comprises the steps of providing a substrate

comprising a plurality of wafer level packages according to the invention; separating each



second di es connected by the traces of the first redistribution |ayer. In
anot her aspect, the invention provides nethods for fabricating an integrated
‘circuit nodule. .In one enbodi ment, the nethod conprises the steps of
providing a substrate conprising a plurality of wafer |evel packages
according t g,aél&ge o RN §ubRMate wﬂﬁﬁﬁhﬁﬁwﬁﬂﬁ&kﬁg&a&‘ﬁﬁ&@exﬁﬂl1ﬁ§8ne'5&t}§bfe6}§a€k4g@s
form i ndivi dual packages; and assenbling one or nore packages into an
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menory capacity on the flip chip 10 nmenory nodul e 'such as a S
board. The dideantegekd{gpacal sgwng roona iedule bp@dldoc to ﬂlegnalpactrmléghxmmoﬁlﬁhwhlch in

fi ti t he RDL b d ds of t
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bond pad, resulting in a |lower pin count conpared to 15 ot her nenory nodul e

chi p units. siPmel iptegkiige al so is easier to lay out on a DIMM board or or

ot her menory nodule sipce part . of rouyting i s don a . wa | evel

SR BF DESCR, P11 G e By e Rbfle i i oot e BdaRt RS e sisar o
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which are for illustrative purposes only. Throughout the follow ng views,

t he referengé mb@lr@ulniacv\fdr leadjeindadual bomdmad;l reswitimgsn adener pis coumteomphreddac e
nuneral s_.wi |l |, be used t ughout. t several .vi.ews.and.in the nto
i cat 15 s s piheg e P . "he PR i FRATP 14 ot HRAM Board o
contai ni ng \Wabeler hRURry BRAKRIER e FAVTdhWDutifg ttRne on a wafer level.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the
20  following accompanying drawings, which are for illustrative purposes only. Throughout the
following views, the reference numerals will be used in the drawings, and the same reference
numerals will be used throughout the several views and in the description to indicate same or
like parts.
FIG. 1 is a plan view of a substrate containing wafer level packages according to the
25  invention.
FIG. 2 is a perspective view of an embodiment of a wafer level package according to
the invention, showing an insulating layer partially cut away to expose a redistribution layer.
FIG. 3 is a plan view of the wafer level package of FIG. 2, without an insulating

layer.



25 invention. FIG 2 is a perspective view of an enbodi nent of a wafer |evel
package according to the invention, showing an insulating |layer partially
‘cut away to expose a redistribution layer. FIG 3 is a plan view of the
waf er | evel package of FIG 2, without an insulating layer. 6 FIG 4 is a

gross. sect ' onal . 08 ih R4 bé%'ﬁ%haslvéle eRUaldBl VRUASF theWaler RAGKAGRaA of T &

3, taken al ong I|ne 4- 4. an view of anot enbo of a
waf er | evel Fh@ckﬂgkeemzdonglinm@-%o t he |nvent| on. 5 FIG 6 is a partl al view
of the wafer |lev cka of FlI 'n a portio t h

redistribution | %Qrg 7"1‘?"§°§a‘}ﬂﬂ%ﬁ¥ rg‘?nté? B EY%Qa%‘%BaFCr?r@IH% to
fabri cati ongpfint &gio ﬁ(af er level package of FIG 2, according to an

enbodi ment of a nmethod of the invention show ng the bond pads exposed

t hr ough ®peni ngs FIG. 6 liea parsial aewrod thd wafer k@elFpackage ofFI6. S slesviag atpoetival ofvi ew
of the pack ge f FIG Y taken along line 8-8. FIG 9 is a partial
Cross-secti ngF SIrORAER B waf er | evel package of FIG 4, showing an

enbodi ment of a t RVAS si ng
step in the fabr :Fggt :75"4?15[}0S Qﬁe gl%lcﬁ rgOSté%%I? gg%%gi{ﬁﬁ%q L%,@va?eﬁqgv\ﬁ?ch an
i nsul ati ng bpagkage of REGM2 aascqﬂdntgltalahymbuﬂnmm;bf a neetlaplpdfithelinvertion shbwiethRDL

| ayer, and bal nt act e nhounted .on the baII ads. FIG 11 is a
cross-secti ﬁ%‘ip SERPRTe ttﬁr@ué%ek%{g%gwtm@umngﬁ en along |ine 11-11.

FIGS 1g517 il “%ﬁﬁakﬁs E%Efgéétlﬁhal%&%?ﬁ{ag%cl%g% AE'I@; bhﬁk%rﬁ%()%l%ﬁhé g1y of

anot her " enbodi nent o evel ng to venti on.
FIG 12 is a pl an GeWiod partipl coessictigna vy oftheiwatdr lavel ipackapadf RG] 4)showing

shown as 20 par |aIIy C#I IS lied over the RDL of the package
depi cted i n?FPE Oélmeé‘hﬁ %)B’é‘ﬁ?#@@re amgff ormed to the bond pads and ball pads.
FIG 13 is a crog§GSe6id £Rah view §€a floB¥Rine ¥ inthERbREat MR Fhfer BiR

package of
package of FIG. 2, in which an insulating layer, shown as partially cut away, is applied over

15 the RDL layer, and ball contacts are mounted on the ball pads.
FIG. 11 is a cross-sectional view of the package of FIG. 10, taken along line 11-11.
FIGS. 12-17 illustrate sequential processing steps in the fabrication of another
embodiment of a wafer level package according to the invention.
FIG.12 is a plan view of a processing step in which an insulating layer, shown as
20  partially cut away, is applied over the RDL of the package depicted in FIG. 3, and openings
are formed to the bond pads and ball pads.
FIG. 13 is a cross-sectional, side elevational view of the wafer level package of
FIG. 12, taken along line 13-13.
FIG. 14 is a plan view of a subsequent processing step in which a second
25  redistribution layer (RDL) is fabricated on the insulating layer, shown as partially cut away.
FIG. 15 is a cross-sectional, side elevational view of the wafer level package of

FIG. 14, taken along line 15-15.



FIG 12, taken along line 13-13. FIG 14 is a plan view of a subsequent
processing step in which a second 25 redistribution |ayer (RDL) is
fabricated on the insulating |ayer, shown as partially cut awnay. FIG 15 is
a cross-sectional, side elevational view of the wafer |evel package of FIG

14, taken al ong IFIMR 165s 4 plan~viEw Gf a obde§uént praessimEe®in whisH bs eefubiting layer is
processing step in which an insulating |ayer is aﬁﬁ%i ed over the second RDL

of the packageliefepyethisscandRBL afghe ppakage denicted it BHe sl4yiitht kadl coptpctsiipowugd

pads of the di | §:..2 cross-sectional, side elevational view of the
waf er | evel Oglégiggg{)%qS&féh%:@&a 16, taken along line 17-17. FIG 18 is a plan

vi ew of anot her erfighdi7ieakrab-sectivahk ide @ehti Grat kR§Cofalie Matirn@vel packapeof
i nvention, havi ng a second redistribution |ayer disposed on a partially
cut - away Oi ndUfGatdprigken alpag liggdvtlyi ng a first distribution layer. FIGS. 19-27

illustrate sequenti-al i: J brei qg&d f .
enbodi nent of a \I/?glfcgrlsﬁégéf%;&é%aggégﬁg%ﬂoﬁndéoﬁm%@ Otfﬁe m@g‘r@ipgn. %ngorié%itg a
pl an vi ew ofth@infe@i@s havigg atsegoridrediiribitian et dispdsed bh apattaliegrcul-Bwhy irstlating
formed to connect bond pads of the dies of the package. FIG 20 is a

cross- sect i dagr oveilyiag alfsstadistohationaget of the wafer [evel package of FIG

19, taken al ong lﬂ‘%ﬁ%ﬁ%llu&?ﬂg IF%‘;[uierﬁtéralipgcglcge?sq}lg? gs} Vsi, Ehe fab?ic%ti%'ogstf ylrjlfq’ ter

processing step in an rnsu Wn as par away,

is applilgd @wHoditéntBPa vaffert 18eclpac _ac@tﬁmngt@dleiiﬁv&itﬁn. 19, and openings
are formed to the bond pads of the dies. Fl 22 is a cross-sectional, side

el evational viewI3G.tIfds amlarvipwpép pperskargstep in which azedistriprton lyenRDinie
2222, 20, T oy Ao g BT B UEEMAy 00FSel g 5P I v i o
shown as parti al IBIG: 20 igW@Yoss-sEdtionak 4ide 2levatibi2$ Sieesfithe Maker 16iell packlagy af i onal
view of the wafer |evel package of

FIG. 19, taken along line 20-20.

15 FIG. 21 is a plan view of a subsequent processing step in which an insulating layer,
shown as partially cut away, is applied over the RDL of the package depicted in FIG. 19, and
openings are formed to the bond pads of the dies.

FIG. 22 is a cross-sectional, side elevational view of the wafer level package of
FIG. 21, taken along line 22-22.

20 FIG. 23 is a plan view of a subsequent processing step in which a second

redistribution layer (RDL) is fabricated on the insulating layer, shown as partially cut away.
FIG. 24 is a cross-sectional, side elevational view of the wafer level package of

FIG. 23, taken along line 24-24.
FIG. 25 is a partial view of the package of FIG. 23, showing a schematic depiction of

25  trace connections of bond pads of the dies, with traces of the first RDL shown as broken
lines.

FIG. 26 is a plan view of a subsequent processing step in which an insulating layer is

applied over the second RDL of the package depicted in FIG. 24, with ball contacts mounted
on the ball pads of the dies.



FIG 23, taken along line 24-24. FIG 25 is a partial view of the package of
FIG 23, showing a schematic depiction of 25 trace connections of bond pads
of the dies, with traces of the first RDL shown as broken lines. FIG 26 is
a plan view of a subsequent processing step in which an insulating |ayer is

appl i ed over the gegonds B%s@-fse&f&‘ﬁalp%‘agé&@a@&ﬁl Gfewﬂoﬂtﬁe @hféy 1&%&1 pHéKabe B |

contacts nounted on the ball pads of di es.
cross-sect i dfi&d. 26stakien dbaghne onal. vi ew of t he vvafer IeveI package of FIG

26, taken al ong 28-36 il lustr te se si ng
steps in the fabrlillg’gi %gr?'%dp“satﬁgs eméﬁ‘ﬂ?&lfleﬁsél?ﬂ SteRs 14 t&%ﬁgpc?% aﬁﬁﬁfﬁge
accor di ng t @nid@irhé &b vifer léve!'flpgtka%g ab&r@m@lt@ﬂle\{hﬁéﬁt@fl a processing step in
which a first redistribution |ayer is formed to connect bond pads of

t he dies5of the pgaékages a?laﬁm@&ofepa)ocssmgstslemwbmhla firstirddisteibatian layen(RNLEwW
of the wafer. tpevel gacka? of G% 2& aken al ong line 29-29. FIG 30 is a
pl an vi ew off B¢ t cPé‘Q%P e dics o1 ithe RASKREF 2 first insulating 10
layer, shown as pag. 'zélléxcfdss sERal, ke RRPAGHA Oféwoﬁtﬂ@“%femve % e b1€
package depicted in FI'G 28, and openi ngs are formed to the in nnect i ng

traces. Fl GFIGl 2Bstakercalosglise29i26nal , si de el evat| onal view of t he waf er

| evel package -of taken al o line 31-3.1. FIG 32 i n. vi ew
of a subsequent &@S@ﬁ A glag A oha apeRueRt 8@&8??&18 %ﬁwﬂa\vl?lﬁla,asf%t ﬁ%\%fﬂg
shown agqpar I f
t he pacEgge 15}; epélh}:spg%% P %néclu WH ﬁq%‘ggﬁ?%‘ggg or rrecI“ bmg:ﬁ)%k&g dkﬁl L if
i nt er connectRI&y 28y @ackspenmgd ase ﬁanedltb the adersbonndotibg tracdsayer (RDL) i s

the! i nt er connect TG 1468 EHRF BHHATEN QGG VM PTshs bofra b ehFERatEs
connecting tgeg;. $p2takat gbﬁgnﬁggj Sjto the ball pads. 20 FIG 33 is a
cross-sectional, side elevational view of the wafer |evel package of
FIG. 32 is a plan view of a subsequent processing step in which a second insulating
15 layer, shown as partially cut away, is applied over the first insulating layer of the package
depicted in FIG. 30, with openings formed to the interconnecting traces, and a second
redistribution layer (RDL) is fabricated on the second insulating layer to provide via
interconnects to the interconnecting traces within the openings, and ball pads and traces
connecting the via interconnects to the ball pads.
20 FIG. 33 is a cross-sectional, side elevational view of the wafer level package of
FIG. 32, taken along line 33-33.
FIG. 34 is a cross-sectional, side elevational view of the wafer level package of
FIG. 32, taken along line 34-34.
FIG. 35 is a plan view of a subsequent processing step in which an insulating layer,
25  shown as partially cut away, is applied over the second RDL of the package depicted in
FIG. 32, with openings formed to the ball pads, and ball contacts mounted on the ball pads of
the dies.

FIG. 36 is a cross-sectional, side elevational view of the wafer level package of

FIG. 35, taken along line 36-36.



FIG 32, taken along line 33-33. FIG 34 is a cross-sectional, side

el evational view of the wafer |evel package of FIG 32, taken along line
34-34. FIG 35 is a plan view of a subsequent.processing step in which an
insulating layer, 25 shown as partially cut away, is applied over the
second RDL of th@lmgh@g@bré@puﬁtg@gn ba Eieﬁor%odmetlhc&ﬁsﬁhﬂg pﬁ&_m@d)ftv@afwe
ball pads, and ball contacts nounted on the ball pads of he dies. FIG 36
is a cross- $vel pawkages. si de el evational view of the wafer |evel package of
FIG 35, taken along line 36-36. 9 FIG 37 is a block diagramof a nenory
nodul e incorporating a plurality of wafer |evel packages. DETAILED

DESCRI PTI ON OF THipPREFERBESESMAGPIIENTOF THE FREERREED WNBOISIMEN | bed
generally with reference to the draw ngs 1or the purpose of frrustrating
enbodi meht s onl y Tandnveatiof piill padpsssibed eendralhn vithgefereecs trtbe ditvengs fog thees
illustrate processj eps_f.or..use | c sem conduct or devi es in
accordance PWHRRC ?%@%ﬁtfaégj%rﬁnl?mﬂ?t? 8ﬂ hﬁ)ﬁ Ic'13(5)é‘°’sr RRVEE! %p?frnéent hat
the processifgrestimRtrafl fFodtkig %teﬁﬁ’%rtdSQEh fibritditgaRkdiédhduelr HEALSOR aBEREHRE -
10 In the current application, terms "sem conductive wafer fragnent™ or
"waf er fragnérthe posertuaV¥eation witl shotld benchalilytapparenothaethn parogsionstepsuart ooly a
conpri si ng semq%‘(;)?gbct or ter| al, including but not limted to bulk

sem conduct POE! G fjtae ‘I‘iaté%“%mg%% conductor wafer (either alone or in
assenbl ygs conmpr ifgiaGuplehes gi%ﬁt%d ﬁ{&eﬁﬁ@rs%mond@&g/empﬂggﬂﬁ*gﬁ" viTBt e | al

| ayers (either alone or in enblies conprising other term
15 "subst r afimgmest’ er Swafer'awil bupmﬂnrstomgtosncmroenstnmtmd|cngx,pr1bmg semicohtlmitmed

to, the sem conduct.ive fer fra t rs descri ped above. The
osent | et 5 bRe TR B Rl Rl Simig s et R Eriay ek 61 B pibphdyctor
nmore dies LhHat EirRfonk @R il SREREIA cont}RishR Bherl iB¥elials th&dorl) SandABmEHnHL&ive

waf er of active deV| ce dies can be processed according to the invention to
f orm one or mmtereal thiyersqatkeargdme canul agsambliencoamutising other materials). The term

15  "substrate" refers to any supporting structure including, but not limited to, the
semiconductive wafer fragments or wafers described above.

The present invention provides a semiconductor die package comprising two or more
dies that can be fabricated at the wafer level, that is, an entire wafer of active device dies can
be processed according to the invention to form one or more die packages, and burn-in and

20  testing of the one or more packages can be performed before the wafer is separated into
individual packages. It is also contemplated that packages can be defined as comprising,
multiple, unseparated packages containing two or more dies, or whole or partial wafers.

Referring to FIGS. 1-4, a first embodiment of an integrated wafer level package 10
according to the invention is depicted. The wafer level package 10 comprises two or more

25  semiconductor dies. For illustrative purposes, each package 10 includes four dies 12a-12d
(delineated by the dashed lines), which is merely exemplary.

The dies are fabricated on a surface of a substrate 14, typically a semiconductor

wafer, through etching, deposition, or other well known techniques, and contain integrated

circuitry comprising active devices to perform a specific memory function. A dynamic

10



20 testing of the one or nore packages can be perforned before the wafer is
separated into individual packages. It is also contenplated that packages
‘can be defined as conprising, nmultiple, unseparated.packages containing two
-or nore dies, or whole or partial wafers. Referring to FIGS. 1-4, a first

enbodi ment ?ﬁnd%ﬁl AREKINEHEY IRRNS éfe&‘r?ﬂla@%ﬁ KA PanlfteRREPEHLAY aftﬁ’o&g'ﬂ%ther

invention is depicted. The wafer |evel package 10 conprises two or nore
semn conduct eirculisder aIF}ofum:ﬂldm,J stuchaas precqzsamrpmd)e eelcgep acioadimag 10 thennWmﬂien f our

di es 12a-12 (deli by .t he das is, nmer

The”dioe. - Serb fndsEReE By Hre GRET Btweod fiebvattnlsvdl packaper dby 15 SR

sem conduct QﬁrfadéﬂfSGd'f thd H‘l'é@ o1 1 84 ﬁﬁhﬂﬁs ag@ﬂ?&%ftﬂoﬁﬂ‘ pady ZG%tmrm‘@?éctrlJ&pom

t echni ques, and contain integrated circuitry conpr|5|ng active devices to

perform@a spewifuntcatiemwith theimd¢gramd cikculysramianetdOovitlandach died@sd 2de fothg
circuit is enpl of . s an inteqgr dcircuit althouhot er circuits
For “any T undlebRedeyeRplsstigtopteads S &t pBrar pafeindB sionsipdfit ( ne
invention. a9ekdditent bAGSCHIS (R Gieck YANNOAEE YihBf BoHddsed a%h%&ﬁéht& Ba vakialzeh exel

packages 10. The active surface 18 of the dies 12a-12 ncl udes a series of
bond pads 2@assP@tion or glselating ¢ditlestricpfitm A2 has beam foirhéd o vee tlnms;mgucabéﬂlewvafmm# S

contai ned within, ea die 12a-12d the, illustrated exanpl e
pads 20a- 2080 BASEIVRLs 'Qe P‘?tWSéP%B féPﬁH}eﬁ apd F%%F&r foderiar Stra?t}q%ﬁgéwrﬂe ies FP‘Each

of the ¢ escoﬁhﬁmﬁgﬂ 2Rl Bf%is J@x@nglcpz?s gﬂcgétafg]ﬁ]gé;cﬂbﬁ 15RP éﬁ?lg;‘%i%%@g% }rﬁthﬁe

passivation or 1nsulati ng lectri has “been
surface of nﬁmlatvagé'ﬂm]adagnmﬂmﬁlsaxpasﬁetheﬂ»endi@t)a-%d padsfoddlee dibs.t he dies and to

seal the device ruct.ures of the ies fro 0 contam nat tur
andi as a scrat chsfﬁamaé%rtlm PRekpgF | &%ﬁ*ﬁrﬁ@@ dSredsripag! ayph@ﬁ‘ﬁ%}%go
align with %ﬁ@h@i&?&%é fiftn DENGLE RBI2OM RAGRS @ec&#&ﬁllﬁb&ﬁ}uoﬂ@tr&&% 96 tﬁa%@ﬁnect
package 10 further includes a redistribution layer (RDL) formed on

i nsul ati ng the bondadTRea-KRBL oPthe idies|to teld padss2 for a‘azidhmgmmdnelthaﬁecomaatsé@ siaﬁh

t hat co ect lae l%glnd pads 20a-20d of the dies to ball pads 28 for
attachi § eft qldenbals | contact s 30 such 15 as solder balls. According to

he el on D6afEingd U b Soracate 001 gt ISRl
t he waf er | éaeds 32 that interconnect the bond pads of two or more of the dies within the wafer level
package. For example, as illustrated in FIG. 3, in the embodiment of the wafer level
package 10, the traces 32 of the RDL are formed to interconnect the bond pads 20a of a first
- 20  die 12a to the bond pads 20b of a second die 12b, and the bond pads 20c of a third die 12c¢ to
the bond pads 20d of a fourth die 12d. Referring to FIG. §, in another embodiment of a
wafer level package 10' according to the invention, the traces 32' of the RDL 24' are
patterned to interconnect the bond pads 20a’ of a first die 12a’ with the bond pads 20c' of a
third die 12¢', and the bond pads 20b' of a second die 12b' with the bond pads 20d' of a fourth
25 die 12d'. The illustrated trace interconnections are merely exemplary, and other
configurations of the trace interconnections 32 can be utilized to interconnect the bond pads
of the dies to each other and to the ball pads within the wafer level package.
Each bond pad of a die within the wafer level package is connected to a ball pad 28

either directly through a trace 26, or indirectly through the interconnecting trace 32 leading to

11



package. For exanple, as illustrated in FIG 3, in the enbodi nent of the
waf er | evel package 10, the traces 32 of the RDL are forned to interconnect
t he bond pads 20a of a first 20 die 12a to the bond pads 20h of a second die
12b, and the bond pads 20c of a third die 12c to the bond pads 20d of a

fourth die ﬁ?e%on gJaﬁrorf'tlﬂegidﬁ]&nﬁlﬁ\c/éle ‘E{vhﬂ:}plsElﬁgn {br e&n@gjgb\f%f%gh gc%&@ﬁr | evel

package 10' "accor et on aces are

patterned t dall @h@ﬁgoﬁﬁmiantﬂm rmﬂdlgqadﬂ(?@a{he@ondpﬁd 2651 dfidﬁia 12ais didetty t he
bond pads 20c’ of a third die 12c' bond b' of a second die

12b' with t Keussted t@&tfsbailaa!d 28(b)via &hfrtffwe@é eﬁsefu@%PShOWHethP |bpn§p?<h2% of digc e

t b f
race i ntor AR RIS EonfBE bo GERHRC B pad AP ect P AR Ik AT Bleub g
t he di es5totraachl aiditie tanel26 teading fbah theplaaisl padtdobnof die 128f er | evel pac kage

Each bond pad of a die within the wafer |evel package is connected to a bal
pad 28 either dife&tipgnenreddfs- 4. 3 prcessig, stqprlS.leﬁtr@@étmyn@wb@é@wn@ﬁ ba

e comecti i piuth 1330018 el 16, BUG G AL 1 e

which is thén conne rou

exanpl e, relasn2ag20oThe &mﬁondimoﬂctﬁém RaD 2426 Borefeddner skticdrludior %féry)r
connected to the ball pad 28(b) via the trace 26. As further shown, the bond

pﬁd 2oﬁ3 ﬁf otljes subsprgte] 1§ gireughceiphing tdegosiion, 1ps OWeBémlPWpaepmﬁy in theiarteand y
h
throug 6 eﬁB {tf g@gé %%u?ggcfs%% 73 aad bﬁFépS&]s%%-ﬁ)% t&ﬁgglll}pcgo sré‘at €

bond pa rring now to Ssi'ng P

illustrated cblli’du%ﬂv@ﬁ’i@t}ﬂibﬁﬁi&tal aflopsudieishandnibem, bRkihag anbya tiafitim, hfh‘g@tbn
package 10 of FIG 2, which conml ses four dies 12a-12d. The sem conduct or

di es 12a- 128taniemitengsica alQy otan@fne.dilelinam coppsr epr tefractomyagtaksibieide.dos example,

t hrough etc | t own techniques in the art, and
10 respecti \Q/h‘?ng"ﬁegc‘%?‘%ﬂﬁ/ C(a C%d 8 tggale\%%hm%e bond pads 20a-20d typically

conprise a condugisale smamhnmms; &l inghlhoyg flie D2 @8n BE H¥inRY B erttht Ruffadd dlthey,
tltanlugg tungsten, titaniumtungsten alloy, tantalum platinum copper, or
y

refract by Felshiatesi4 togragrvate dre @%aﬁﬁ#réace oh e diese apkeawn incthe pt, woralEbdEd to
e e L R AL B P DY DE LN L iR B
surface of the ThemsuREnk AW?22idan hlve barformddydfi acditleytribynaterial such as polyimide or
another non-conductive elastomer, a photoimageable polymer such as benzocyclobutene
(BCB), or a spin on glass (SOG) such as phosphosilicate glass (PSG), borosilicate glass
20  (BSG) and borophosphosilicate glass (BPSG), among other insulating materials. The
material can be applied using conventional methods including deposition techniques, spin
coating, spraying, flow coating, brush coating, among other application techniques. The
insulating film 22 can be masked and etched by conventional methods to form openings 34
that align with and expose the bond pads 20a-20d of the dies 12a-12d.
25 As illustrated in FIGS. 3-4, a redistribution layer (RDL) 24 is formed on the
insulating film 22, which includes traces 26, ball pads 28, and interconnecting traces 32.
The present invention utilizes a conductive redistribution wafer level package
technology on two or more chips whereby, instead of the redistribution traces confined to a

single chip (unit), the routing traces are extended to one or more adjacent chips (units) with
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oxidizing or nitriding to forma silicon dioxide or silicon nitride |ayer or
a conbination of the twd. The insulating film22 can also be forned of a
‘dielectric material such as polyimde or another non-conductive el.astoner,
a phot oi mageabl e pol yner such as benzocycl obutene (BCB), or a spi n on gl ass
(SO5 such a , e and
bor ophosphogﬁl |@§ﬁ%@g@ l'bﬁ%eé%g%)gelr“eﬁ t&%’%@gt r?g‘rg {l}ﬁéstld cﬁt'ﬁe @rﬁlgst%rzl?lﬁlg) %%%
materi al caint&reomprot tvaslotmsbreglieowithintd mahgdmtﬂam thmbmdr}n@pdanosﬁ the die

t echni ques, spin coatl ng, spr ayi ng, .fl ow coating, brush cgating, anong

ot her appl i BatagH FecHImRieIVh %@dlstrh@moaﬁaﬁas mrqr?ﬁnzﬂzctctm? die units msdnglﬁary

etched by c I Wﬁﬂ nd
expose the g@ﬁgﬂ%gggﬁzgﬂ?og ttSq#i(%(ﬁf‘l'es ga 12&§%%%ngheﬁéggtgra§yg§niﬁn FI GS.
3-4, a redi stultigletinns foagampl&Dhyr @dts] dglitamie,cksixtaert Wdts, ambsd @i. i Tige presemt 22,
whi ch i ncl udes tra&[u; 26, ball pads 28, and thrconnectl ng traces _32. The
present i nvENERGRR Hus resplts Inpar, igKeFeq inyiBe FRRIFLY P bEPEUALCHagror disRick PR e
t echnol ogy S of i

traces conf %e%\g?%ggew ﬁﬁqﬁhghfp U’I’ll%{(ie Add ﬁésgf%b ind Qﬁ%@ggﬁ%ﬁ%@%&{%&d to
one or nor epadgdgenhd plisdsr hembtsdevides fare sharealL thecrmm‘ﬁan of pigralt/contaethalle ferg
tied together. The structure of the redistribution layer to i nterconnect
two or noret}mlégegwt@%l)%?kagepléé%&@éd F%P@&@&Sl{lg\]é digwaitsy capacity of the die
package,, For exa t

i o e mermor v e SRR, oIS, Rl Akl A6R5 2 LERRIRGH A9 iffes
can be ext epégsir, taduraitiind,igohRland nitkel fcﬂle&amplet 61, a t@rduetadpdlgmei Materithi Tis,
eight units, sixteen units, and so on. The present invention thus results

in an incr eBRL 2hcambe @aﬁaéwwgckﬂownﬁqhgmua% wthe art sugly agshemiead wapps dggosition
waf er scal e I%é‘z’ ol
buses or evéé{lﬁégms gr oling dpﬁ}r%éﬁ%&a%%ﬁ%?&@&g ces Q?Z}hgﬁgaggﬁgﬁeg%g%

of pi n-out/ ¢RVIDpEpubaiinsorf @aportatien), Bleegoplhtieg, preitolgss plsumggdta:ﬁeﬂingmesbﬁrént 0
single d|e units. 10 The RDL 24 typically corrprlses a hi ghly conductive
metal of> mePHRtRG forexample. gkhe %Q&p&canaomm aﬂfgllﬁiﬂlﬂ&flcopr’%’r
exanpl e, or r |ng
known t echni %ﬁgg&ﬂ#??hhe?gﬁ?ébguc taggfl%ﬁélaﬂ;nlbgg-m@a%g%g%pb%ﬁ Qﬁsnfe?(g% Lbsf
enhanced chentesahndbalipaddepositi on (PECVD), physical vapor deposition

The RDL can also comprise a multiple metal layers applied over the insulating film
22 according to known techniques, to form a sandwich or multi-layer under-bump metallurgy
20  (UBM) structure, typically having a tri-metal layer structure. As depicted in FIG. 9, for
example, the multiple metal layer RDL 24 can comprise overlying layers 36a-36¢ of a
conductive material such as overlying layers of aluminum, nickel, and copper, or overlying
layers of chromium, chromium/copper, and copper, for example. Ideally, in utilizing a
tri-metal layer structure, the third metal layer 36c¢ is extended to route traces over adjacent
25  units.
As shown in FIGS. 10-11, an insulating layer 38 is then applied over the RDL 24 to
form a passive exterior layer over the traces 26, 32. The insulating layer 38 can comprise, for
example, a polymeric material such as polyimide or another non-conductive elastomer, or a

photoimageable polymer such as benzocyclobutene (BCB). The material can be applied
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(PVD) (sputtering or evaporation), electroplating, electroless plating,
stenciling, and screen 15 printing, for exanple. The RDL 24 can conpri se,
for exanple, a foil tape of copper, alumnumor other suitable nmetal, that
can be stanp-cut to provide the desired pattern of traces and ball pads.

Ineulati ng PrrReosSehaTntR WS i dine REToR PR pifeeind Aoy o

nul ti -1 ayer acdodding bs/RiowRtezhhidu€to p2évidéBPanisdsr40cthb Signtwih & dxpobethieballa
tri-metal |ayer structure. As depicted in FIG 9, for exanple, the nultiple
met al Iayerpﬂ$tﬂé4 can conprise overlying |ayers 36a-36¢c of a conductive

mat eri al such as o J 1 I I 0 [ . OF
overlying |ayer éAk %@ Héiﬁf gﬁ;betlﬁ]é/o%g%rt%%]) %Jre# %%%g]rt,o %ﬁ‘%’%&&%gg ,fgﬁ‘cgofngg%g%ﬁpee.

| deal 'y, 5i n waifdrllével Package 10las BebRbohey €F arbxteghbdifouittboard, Mdtherb®irdlor baieer
36c is extended to route traces over adjacent 25 units. As shown in FIGS.
10- 11, an i slsairicel anparaiyseqr wgices Expaplagy pall eentasie 0 eoraprLsopder typicdlr m a
passi ve exteriar .l ayercover,,t es 26, ,32. The insul,ating layer 38 can
Compr i se. 1 o BasBEYRLSRLEa R B3R e EP et IR atd SHr T A e B s i BF
non- conduct icyehRtSIRARpox P SéldePhilt QnPRGERDE M RALGMART ush€ ord@ntional processes
benzocycl obutene (BCB). The material can be apﬁl ied 13 using conventional

&

met hods, anduchas siansiling: sareen piyding3geetsnpl g aleeteolasscplating, evanesaiionagrebihdi ng

bl I patis S5 RO S Polp s TR duledha Pl Ko FHBR | "D acs

28 for connecti nghthafé& caafiken diﬂ%ﬂéte@%hé@&jﬂ&irﬂa@ 18 if0TRANRIE] pRkagesa! eichal
circuit board, notherboard or other electrical apparatus or device.

Exenpl ary baf Whishrinelode atdeast biip diescandsheen as yerrdatetopnneciedhdies i 2a312d m then)
and/ or Iead.lﬁqlgg_éfegor a f:onducti ve material such as a conductive epoxy or

conduct or - f { F%WP ©

Sol der ball contacts 30 can be forned using

conventional progessifier niddiRntOfaREdfkd [egel F@K@@QOD htddrding to BleafbémRhatht N9,
el ectrol ess plating, evaporation, and the 10 |ike. Conductrive pol yner

mat er i alS capatkagappl betbanaed wididreer morepyérdyibaRDLsdn intercennerhaddikeral dissn
then singul aLgd, 21,009,855 dBSicldd 1§ F168. 1249, BIAY SH&anfRS KA 98T oL §8% 24
comprising traces 32" interconnecting the bond pads 20a" to 20b" 6f the first and second dies
12a", 12b", and the bond pads 20c" to 20d" of the third and fourth dies 12¢", 12d" can be
fabricated as described with respect to the wafer level package 10 of FIG. 3. As illustrated
20  in FIGS. 12-13, openings 34", 46" are formed through the insulating layer 38", respectively
to align with-and expose the bond pads 20a"-20d" and ball pads 28" of the initial RDL 24".
As depicted in FIGS. 14-15, a second RDL 44" can then be applied onto the insulating layer
38", with traces 48" interconnecting the bond pads 20a" to 20c" of the first and third dies
12a", 12¢", and the bond pads 20b" to 20d" of the second and fourth dies 12b", 124", for
25 example. Thus, all dies 12a"-12d" of the wafer level package 10" are interconnected by
means of the interconnecting traces 32", 48" of the first and second RDLs 24", 44". As
depicted in FIGS. 16-17, an insulating iayer 50" can then be applied over the RDL 44" to
form a passive exterior layer, with openings provided to the balls pads 28", and ball contacts

30" can be connected to the ball pads 28".
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of ‘which include at |east two dies, and shown as four interconnected dies
12a-12d in the illustrated exanple. In another enbodi nent of a wafer |evel
‘package 10" according to the invention, the 15 package can be fabricated
with one or nore overlying RDLs to interconnect additional dies wthin a
package, as depi ahfhet ExdmhESof & orTgurMYon¥bh QEoRKRIP! 44" i&01dsRhibd 3 Fﬁ@l-ld aD[ler
24" conprising traces 32" int erconnectl ng the bond pads 20a" to 20b" of th
first and stheoldstrtedsembiRlthentidfla wafanlkivelpackaged Ofathe 12@]@1 RDd. 20065 coﬁﬁgltred

third and four h, die Ny d2dt & fabri d, as scri.hed wi.t

respect to ffﬂé %‘F iﬁ]%'g/gﬂ Slb%‘@’?(é{blgﬁ?t? eThqﬁeéon‘gﬁbis‘“? Mf cfn fabgicasd OH th§ s,
12-13, ope niﬂﬁﬁl%tlﬁ’é ayet$8" alch th&theHaddd BQUgﬁ‘tePd@)ﬁnéd@% l%dd’}ﬁdé ayLer t03t§e bond
respectively to align with and expose the bond pads 20a"-20d" and ball pads

28" of the padstli2dl" oRbie f2vst and f&grthelpﬁscltzed 124" Fres8lting4n i, intergmpocttbnRflall4gtir

can then be,a £ nto.th Ia img races N

"t er connectingct F2Bondhimine b3 0 SRt GpngRwafipet by EaTe K dssan be
12a", 12c” ’u@%dttb%tm%&ﬂ% 3%oré&e¥@ﬁhlnojwﬁﬂ?le%gpﬁi&ﬁa d fourth dies
12b", 12d", for 25 exanple. Thus, dies 12a"-12 of the wafer |evel

package 10" are ImY@mOﬂhﬂEﬂnb@ilmﬁnt wfmnetegfatemwafenie@ebmhegﬁ](ﬁg atcoadiag t@ie,

48" of the first and second RDLs 24" As depicte 6-

i nsul ati ng 1“3(?’%9”‘5@"3@& A85HER CBB’pé‘ﬁ‘f)F‘?'%ﬂr Bor redisy i%‘erst@DCfsa v%eaejbaéggl ve
ext eri ofg | ayar paddlatdifaBRERED IS patk QF!hQ%E’cd*nﬁ (BP&bQ&gJeﬁt)@@E A8 depieid ial |
contacts 30" can be connected to the ball .14 Anot her exanple of a
confi gur at i BIG8f 1926 ecfostiRRDI24 4 1s fabrwdt«tdjsn aatsabhtmg f#nG8"1.8As klmow, llee RDL

il lustrated,enbodi nent of wafer |evel ckage 10" ,,,,,t he injtial RDL 24"
s cont i gur 281 COMIRGTUACES Ehe RSLeoBReQIBHE ParErE 264 1 2obiasife ARE and
has been fabyihaalifed 194t h?o ' d?ﬁ%@kbﬁlﬂpdd@&%‘”ﬁg 20d8UgNnd i dodSolriiRaRs 32"
i nterconnect the bond pads 12 to the bond 5 pads 12d"' of the first and
fourth di eles?é, 12d""1 2441 msutaémgllayemQST"manﬂue alpphei comtiscRDOR2407, aatilopémugs 34""es
12a"' -1 t he, pa cka e 10" r co uratiops of or. nor.e
RoLs cas beforte ot 6 TN BF ebauich Shd e s Brdmads oy hAh: annureTd o
package. | niy@iG.anoiheAs Win"ﬁﬁs a3-Af)a s@écﬁﬁr@EQ4Wﬁﬁh&?&efmﬂ€§ kage 10""
according to the invention, the packagé can conprise two or nore
r edi st ri but insulating kyer zzﬁugﬁem 44y caheomprise traces 48"" interconnecting the bond pads
of two dies in the packages, illustrated as connecting bond pads 20b"" to 20c"" of the second
and third dies 12b"", 12¢"", for example. Other trace connections 48"" can be provided as
20  illustrated, for example, in FIGS. 14 and 18.
RDL 44"" further comprises ball pads 56"" that are connected through traces 58"" to
bond pads 20a""-20d"" of the dies. As in the other wafer level packages, each bond pad of a
die communicates with a ball pad 56"" either directly through a trace 58"", or indirectly
through the interconnecting trace 32"" and/or 48"" leading to the bond pad of the adjoining
25  die, which is then connected through the trace 58"" to the ball pad 56"". As depicted in
FIG. 25, for example, trace 58"" directly connects bond pad 20b"" to the ball pad 56""; and
traces 32"", 48"" and/or 58”” indirectly connect bonds pads 20a"", 20c"", and 20d"" to the
same ball pad 56"". This results in dies 12a""-12d"" of package 10"" being interconnected to

the same ball pad 56"". As depicted in FIGS. 26-27, an insulating layer 50"" can then be
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10 ball pads are fabricated as part of the second (or subsequent) RDL. As
depicted in FIGS. 19-20, a first RDL 24"" is fabricated on a insulating film
28"". As shown, the RDL 24"" conprises traces 32"" interconnecting the bond
pads 20a"" to 20b"" of the first and second dies 12a"", 12b"", and the bond
pads 20c"" tapphigdoverghe RRL 441" rte fermia passiverextiines layep ovith opeartgs to the ball

I nsul ating L%?V]cﬁr563'8"1§alfgc§}{t€c?s ?(P'plciag?l%eﬁlvbgerncg%lgcte 8tﬁ%é£lbg%d(}d56qpeni ngs 34"" 15

formed thro t'he "l'ayer align w expos pads 20a""-20d"",

as illustrated i Anbther emdBodiientst SWofenldvel fdclaize BB -addordihg:6 el ichvENdondd” "
can then be forned on the insulating |layer 38"". The RDL 44"" can conprise

traces 48"" depided BAKES.i2836 nes Bhstatsdds FIGS. 283 9¢instdal RDE fayep 3¢ kis datyicated
illustrated i ot "topf d t hi,nd
P50 g5, G DB O 8 e AT R S,
as 20 ill UStfn@ér&ﬂmeEtQ{()glt?&@Bﬂdl pads 20aFtd3EDb" b e ftstldhd fBEbndidies 13411 €T and the

conprises ball pads 5 that are connected through traces 58"" to bond

pads 20a"" - 2oend'pagds 20¢ 1o @0d'sof the third ansdefoprthdieside e 2d'evas shoavkiaddésS. 88, an

bond pad of a_ dj.e co i.cates w.th a hal v56:" either directly, through
O abad s - oyl O S AeFapRidd i BRRDEE: Roformd fdlfhyeBhectng 17 O
48"" | eadi ngint@cdhiectEadedd2 Qiwith¢peaftigdic0! fifme® bevRen Whjosiking SickheA’, 12b" and

connected through the trace 58"" to the bal I@fvad 56"". As depicted in FIG
25, for Mxanplee, 12dr srexmse thednieseonngetmgrirases 32'bond pad 20b"" to the ball pad

56"' ; and traceg 32"".,. 48"" and/ or,v58:" indirectl nnect ds, pads, .
202" 200" ancsgndipipting G2 Rofqrmi fh Rt inyRRRE Ry P NP RiSln
12a""-12d"" PfGH3K3TAnd & patRiddthndtidica @@Pﬁﬁi&%gfeﬁing& BE' SR Radnd opasing 60" -
As depicted in FI GS. 26-27‘? an insulating layer 50"" "can then be 15 applied
over the RDLA4shown in FI§F.r32anddn stase-sestiomrin GG 3.7 secand RDIpéhiin thentapplidgseonto
ball pads 56"". 11l contaets. 30"" can then vconnected tovthe ball pads
56+ Anot hele idRer 57t et i e e P8, SRR SheBing & s faeditie

i nventiofs i sintétedinet®@th tratebBESball $add68 Aend trdces V0'ahCinter fonnk&iShe BA gls 68" to
initial RDL layer 24" 1s fabricated 5 on an insulating film 22" disposed

over the di esvepyiothaeviaamterconngot 46 ein aiegerrd apagemente &5 dpictehindfloh38c36. Ay
e O Po o 0P o bR PR AR RIS o BT
FI GS. 30- 31, Jagér, with openings 72" to the ball pads 68". Ball contacts 30" can then be connected to the
ball pads 68". This arrangement of vias 66" and trace connections 70" of vias 66" to the ball
20  pads 68" provides closely matched RDL lengths from the bond pads 20a", 20b" to the ball
pads 68 ".

Referring to FIG. 2, the inactive surface 52 of the wafer level package 10 can be
covered with a protective dielectric layer 54 such as a photoresist or spun-on polyimide, for
example, which can be applied after backgrinding of the wafer or other substrate 14, and

25  prior to singulation. Ideally, the electrical testing and burn-in of the dies is performed before
the substrate (wafer) 14 is singulated into individual packages 10. The packaged dies 10 can
be severed from the substrate (wafer) 14 singularly or in groups as desired. It is also
contemplated that an entire unsevered wafer 14 can be tested and burned-in, and then used as

fabricated as a wafer-scale package, particularly for large-capacity memory applications.
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insulating layer 38" is then applied over the RDL 24" to form a passive

| ayer over the interconnecting traces 32", with openings 60" forned between
adjoining dies 12a", 12b" and 10 12c", 12d" to expose the interconnecting
traces 32". A second insulating |ayer 62" is formed over the insul ating

| ayer 38" asThiehhisheshwiaier levplgsickage Bicandednpentedias @ eomaponentior ae adiusen's printed

id i. 64" ' 0", As sh i m Fl nd_ |
Cr oss- sect i aritl tered Gl REh e BRRT 4Rl praledlif IR Pt &0 '

i nsul ating |@awem Rehnif@esf orm vi a interconnects 66" within opening 60"
connected to 15 interconnecting traces 32", ball pads 68", and traces 70"
t hat i nt er connect TwWRer e Wakrdewdpackggeselbean by gpanpbingds forrxemplm e @n66" i n

2" 29951 ALPRRETEA O SORLLBE: i s P Mo RROALAR, 2

50" can t eﬁn §r €

llayer, w th @pailkRes cdmpriéca EdibiBaddn PaHss RreserPitlgla iRt yP6t HinddbnsGRRoAtARIMPe
connected to the ball pads 68". This arrangement of vias 66" and trace

connect i ons thesawm¢ fuiciiondgy. Ezamples bhintegrated gifsuibgiodples uicheds mé¢rew modides hed
RDL | engt hs ronu%he bond Eadﬁ FOa " 20btP to(}he bal | Eadg p8'. F@fer{ing
to FIG 2, tHe'SattTveO8tr PACE SO0y e RA & e BIO“pELKAY “E%?%%?P%’&a ton-
covered W t hspRcific@h&dillésvddhs) Befude endlBNér, RhlSERiD MSdde i RE SHtm@lfi-chip
spun-on polyimde, for exanple, which can be applied after backgri ndi ng of

t he waf el0 ormodiles (MDA rmaledelztsingladn-bBe prenaary mepdsien(GlMVAM), erdual indiriel memotye
| ectrical t i b i f the di i f d bef t bstr at
Cuater) 14 +EoQRERIROGE Frdin sesh i ntmr ndi i FodtlE. Bhdaatpdipriy By

can  be sev C& drhgo Rl ST RultMRdAIlE caiffbéh BebApb)erR lof h RaféQ WP S1eREonic
desired. It is also contenplated that an entire unsevered wafer 14 can be

tested and biysteed, far examitle; hpersonad domputef isHileapkeheaslogk eleeisionc altemphidk age,
particul arly. for .l arge-gapacity nmenpry applications. 16 The finished wafer

| evel packaglé‘d’i%”%lacr?%ﬁgzﬁgﬁ:m’é%‘oggrgg’%_%nponent on an end user's printed
circuit goard or pihes7 SneRaiiclyelepfetd dif@hboRRRHBS U iﬁ{eF%G GRultiBodleadal |
contacts 30 using known techniques. Two or nore wafer [evel packages 10 can

be conbi ned, milbrchér amgphary matube h sach an 2gNMMeer RIMMivthictpatglgenerallgapanted or
extend the fcl’llrr!:%gtib%gﬁi éPtéfB)ocIr oit}pe(i! isﬁ/}i)pdollj'fi(lzongeilir?%'g a'Aéeﬁiesr 5t rinémory devices, or a memory
card or any other memory die-carrying substrate. A SIMM typically comprises a single
inline set of contacts or leads, and a DIMM typically comprises a set of leads on each side of
20  the support with each set representing separate I/O signals. As depicted, the memory module
74 comprises multiple wafer level packages 10 disposed on a support 76, the number of
packages 10 depending upon the desired bus width and the desire for parity. Wafer level
packages 10 can be disposed on both sides of the support 76. Typically, the memory module
74 accepts a command signal from an external controller (not shown) on a command link 78
25  and provides for data input and data output on data links 80, both of which are connected to
leads 82 extending from the support 76.
In compliance with the statute, the invention has been described in language more or

less specific as to structural and methodical features. It is to be understood, however, that the

invention is not limited to the specific features shown and described, since the means herein
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nodul e can conprise a conbination of dies representing a variety of
functions or containing the sanme functionality. Exanples of integrated
circuit nodul es include nenory nodul es, device drivers, power nodul es,
communi cati on nodens, processor nodul es and application- specific nodul es
and may i ncl disdosedcompaige preferrgd formp phrwbag thesinventionpniesiset. nlhe inverion i3.0

romory - modurefny e i A i 07 pRG IR sh bt s ng G

r ead- onl y- mespperded( s apprapriatelyriniipetedhiheaccordanvetwitivtheldoceimg dfeqaivalents.
subconponent of a variety of electronic systens, for exanple, a personal
conputer, cellular phone, clock, television, autonobile, industrial control
system anong others. 15 FIG 37 schematically depicts an enbodi nent of an
integrated circuit nodule as a nmulti-chip nmenory nodule 74, such as a SI W
or DDOMM which are generally a printed circuit board (PCB) or other support
containing a series of nenory devices, or a nenory card or any other nenory
di e-carrying substrate. A SIMMtypically conprises a single inline set of
contacts or |leads, and a DOMMtypically conprises a set of |eads on each
side of 20 the support with each set representing separate 1/O signals. As
depicted, the nenory nodule 74 conprises nultiple wafer |evel packages 10
di sposed on a support 76, the nunber of packages 10 dependi ng upon the
desired bus wdth and the desire for parity. Wafer |evel packages 10 can be
di sposed on both sides of the support 76. Typically, the nenory nodule 74
accepts a command signal froman external controller (not shown) on a
command |ink 78 25 and provides for data input and data output on data |inks
80, 'both of which are connected to |eads 82 extending fromthe support 76.
In conpliance with the statute, the invention has been described in | anguage
nore or |ess specific as to structural and nethodical features. It is to be
under st ood, however, that the inventionis not limted to the specific
features shown and described, since the neans herein 17 disclosed conprise
preferred fornms of putting the invention into effect. The invention is,
therefore, clainmed in any of its fornms or nodifications within the proper
scope of the appended clains appropriately interpreted in accordance with

t he doctrine of equivalents.
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18 WHAT IS CLAIMED: 1. An integrated wafer |evel package, conprising: a
plurality of electrically conductive traces on a first insulating film
overlying two dies situated on a substrate, each of the two dies conprising
one or nore bond pads, and each of the bond pads exposed through an openi ng
inthe first insulating film a first trace interconnecting a bond pad of
each of the two dies, and a second insulating |ayer overlying said first
trace, a second trace connecting one of the bond pads of said interconnected
bond padswaag BatLAPRED tuated on the second insulating film wherein
said interconnected bond pads are connected to a single ball pad. 2. An

i nt egr at ed lwaf eAn|igtgpgiated yedterdevel perkpes. SPHBEISIBE:r edi st ri buti on | ayer

i nt erconnecting i W . , : :
rodi stribati on F oy Tk FehbbahEn e 5HRRGNL (U MMARE Mk Beryine o dies g
| ayer over kiuangl dnheesubbtnate, daelsofathel tweodineoinmpriying dne nd npadbafd peds landfadhhd t wo
dies, and a secqnd trace d ball pad .situated on. a second insulating |ayer
over|ying &%iken ip?‘lsteXPPﬁégl?mPaba% gH§ B F@@Stdﬁ?'rﬁaé&gifﬁ@’a L5269 rst trace to
sai d ball pad stehiddBbordidiad of SRR HRAWRMG, RRIOSsednd inSulhtiny 18V @ DvélEng
connected to a single ball pad. 3. The package of C aim 2, wherein the
second t r ac&d ifisst tropm @stead tracecanngetingtone obihe %@tld bads odsaid pretericprnested aed ng

t hrough t he cond, i nsul at i.n r L cant i £ I e. 4.
an i neegr e are) PRESLALARMENEOE RS AR Akrell s il bRbBERET,

di es sit uatpads D8 censetpPr 4 singlbdbll pie, each die conprising at |east one bond
pad; a first insulating filmoverlying the dies, each of the bond pads
exposed through openings in the first insulating film and a redistribution
| ayer conpri sin | f he,first insulating film a first
trace int e?éonn%@??tﬁgﬁgeat%%%{f1g‘éeéb%%%gé€ﬁ&8§1g§g'fi rst die and second die, and
a second trace acalisteitiondayer iftecorneetinging dicsditodted bea Suppott sdbstrate, thehe bond
pad of the sgcond. die to a ball Eag such t(?at %ai d cpane ted bolnd R ds of
the two di &SIHRUTOZIANEE FURPTYNG? ITShRes WYpFd pg Tirgt jpsulating layer overlyingthe

two dies and connecting a bond pad of each of the two dies, and a second trace and ball pad

situated on a second insulating layer overlying said first trace, the second trace connecting
said first trace to said ball pad such that said connected bond pads of the two dies are

connected to a single ball pad.

3. The package of Claim 2, wherein the second trace is connected to a via interconnect in

an opening extending through the second insulating layer and in contact with the first trace.

4. An integrated wafer level package, comprising:

at least two semiconductor dies situated on a support substrate, each die comprising at
least one bond pad;

a first insulating film overlying the dies, each of the bond pads exposed through
openings in the first insulating film; and

a redistribution layer comprising a plurality of traces on the first insulating film, a first
trace interconnecting a bond pad of each of a first die and second die, and a second trace
connecting either the bond pad of the first die or the bond pad of the second die to a ball pad
such that said connected bond pads of the two dies are connected to a single ball pad, the

second trace and the ball pad situated on a second insulating film overlying said first trace.
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second trace and the ball pad situated on a second insulating filmoverlying
said first trace. 19 5. An integrated wafer |evel package, conprising: at

| east two sem conductor dies on a support substrate, each die conprising one
or nore bond pads; a first insulating filmoverlying the dies, the bond
pads exposed through openings in the film and a redistribution |ayer
conprising a plurality of traces on the first insulating film a first

trace interconnecting a bond pad of a first die to the bond pad of a second
die, and both of the interconnected bond pads of the first and second dies

bei ng connected tq a sgg%lgag Hall d by a .second trace connected to one of
sai d bond pads &UdHC#HR grdeYeh Patagh HeBPEE %S ond pads of the first and

second dies are,qenpaes &hitshdcdt 84 6n RalgpoRABbstialRCeRBEN bt frARf; @MY, t he
ball pad situated on a second insulating filmoverlying said first trace.

6. An integroat behdpmflgr | evel package, conprising: a support substrate

conprising two or. nore, senm.conduct.or .di.es, . each, di.e co j Sl a_ .plurality
of bond pads; aaﬁfﬁléqsu‘aﬁgg}‘lgrfl Pﬁeér%f"ilg %eg{/eé’rth? ﬁ%ndcﬁaéjg xR r;‘gc[ *(hlr(?u & ﬁ%ﬁésslpng
openi ngs alkheamiadand t h and exposing the bond pads of the dies; and a
plurality of first traces on the first insulating film_one of said first
traces connecti A§disribEion lase comprsing ¢ pluraitpofticehen @SrfﬂStb%?%‘Pg dilng et s

di e, and aﬁ@&ﬂ{&%@h&gﬁémngﬂd opéaﬁlrspﬁie?othﬁgﬁﬁd‘ﬁaed d(;ffSaLb![eﬁ(;eﬂdQﬁe,fahh BL@F ey N9

the first traces, sal econd trace connecting o I nt erconnect ed
bond pads timersaimgctodbbndpas ofitherfarstrand aeabnd dies beiog newteettd boasingladisll phd bha

first and second dies are connect to single hall pad. 7. An integrated
waf er | eve|se°¢93€_l£agfe°,°ne t_f’é’inﬁﬁfs (?g §S@ngqt§%{8éntgrgﬂwef§fiﬁ n¢ R%jtsd’ nore
sen conduckiQrfirdi £3 se @8 Riddiafe ERARNESoNGimle BlIA! fht ¥edhd RADHardAAS balPpddi I St
insulating filmover the dies, the filmconprising openings aligned with and

exposi ng t lsiéudteshen psedendoinsulpingdilesoversitng said first trace.

6. An integrated wafer level package, comprising:

a support substrate comprising two or more semiconductor dies, each die comprising a
plurality of bond pads;

a first insulating film over the dies, the film comprising openings aligned with and
exposing the bond pads of the dies; and

a plurality of first traces on the first insulating film; one of said first traces connecting
a bond pad of a first die to the bond pad of a second die, and a second trace and ball pad on a
second insulating film overlying the first traces, said second trace connecting one of the
interconnected bond pads to said ball pad, wherein said interconnected bond pads of the first

and second dies are connected to a single ball pad.

7. An integrated wafer level package, comprising:

a support substrate comprising two or more semiconductor dies, each die comprising a
plurality of bond pads;

a first insulating film over the dies, the film comprising openings aligned with and
exposing the bond pads of the dies; and

a plurality of first traces on the first insulating film; one of said first traces connecting

a bond pad of each of two dies, and a second trace and ball pad on a second insulating film
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a plurality of first traces on the first insulating filnm one of said first
traces connecting a bond pad of each of two dies, and a second trace and
ball pad on a second insulating film 20 overlying the first traces, said
second trace connecting one of said interconnected bond pads of the two
dies to said ball pad, wherein said interconnected bond pads of the two dies
are connected to a single ball pad. 8. An integrated wafer |evel package,
conprising: a support substrate conprising at |least first and second

sem conduciyQérlyihEthe fRAGRACEL Said SROR irSdet@nechhi b dftsyidihtebdnfledp@ittfond pady r st
insulating fil'mover the dies, the filmconprising openings aligned with and
exposi ng t eEthsdwe disadessaid balhpadg vhereingsaifl intepfonpedted Bondads ofdthe fyqdigsargn t he
first insul afi ] one of said first traces connects a bond pad
of the secgﬁﬁd{egﬁgfu%%%ﬁl\éﬂggﬁg&pad of the first die, and a second trace and
ball pad are situated on a second insulating filmoverlying said first
traces, the secqond trac i one of, .said bond pads of the first or

connect i '
second dieS o t AR pigeTat d‘éFfWﬂ@Y PACKEET GOMPHYB#:connect ed bond pads of the

first and second sghgRst sAbQrabOIMSHishid dt Radt firbtal Sedoall sedREndRtor iks] kR @leat ed
waf er | evel package, conprising: a support substrate conprising at |east

first and sewprigngepucditdatband pdss, each die conprising a plurality of
bond pads: a 1 ok RS AL g oL M BKETnd B dhesi AN LM EATRY A 49

. . t
openi ngs al i gnea exposi ng ond ;

redi stri butekpddingali€bortiqyids bsthedies; gndur al ity of first traces on the
insulating film one of the first traces connecting a bond pad_of the
second die to tR®useity opErst Bacesqa the kst ingylaingfHm; wherghy gpgiot Jeitrshireehal |

pad si tuat e, Ad RRE ﬁQ&’of’t’Hé eéc%h& ae t%%ﬂﬁ?ogg gg& agiftﬂg Eg@?f&, bdd §§ec5ﬁcﬁﬁ§c§ 1a33 he

second trace connectl hg one of sal ITSt or seco ieto
t he bal | padll patére sitieatd o secomd msaetimeftlimeal eblging spiddsstafacedyéhef secaid teaael

|S g\(j g |n d pglc Ezglgnre%g%c O;iﬂen nie ;[s%l .btogd %adssI or}%lleeﬁrts)tacl)rlsecd%a%ie tjd(%he férill 15ar&t»$1%rre"’}£ %\gd waf er

interconnected bond pads of the first and second dies are connected to a single ball pad.

9. An integrated wafer level package, comprising:

a support substrate comprising at least first and second semiconductor dies, each die
comprising a plurality of bond pads;

a first insulating film over the dies, the film comprising openings aligned with and
exposing the bond pads of the dies; and

a redistribution layer comprising a plurality of first traces on the insulating film, one of
the first traces connecting a bond pad of the second die to the bond pad of the first die, and a
second trace and ball pad situated on a second insulating film overlying said first traces, the
second trace connecting one of said bond pads of the first or second die to the ball pad such
that said interconnected bond pads of the first and second dies are connected to a single ball

pad.

10.  An integrated wafer level package, comprising:
a support substrate comprising at least three semiconductor dies, each die comprising a
plurality of bond pads;

an insulating film over the dies with openings exposing the bond pads of the dies; and
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a support substrate conprising at |east three sem conductor dies, each die
conprising a plurality of bond pads; an insulating filmover the dies with
openi ngs exposi ng the bond pads of the dies; and 21 a plurality of traces
and ball pads on the insulating film a bond pad of each of a first die and
second die interconnected by a trace, and one of said bond pads of the first
and second dies connected by a trace to a ball pad, such that said bond
pads of the first and second dies are connected to a single ball pad; an

insulating |ayep leYﬁEy bPadet 35EBall AT oR (R iHduBtink Yil@f a b6RESRI FTRadH6F a first
insulating layer, a bond pad of either the first die or the second die
connect ed Wie andtsecnd diednterdvonetteskley ofracg, ardiang ofipad band padls of Hedstand deonad er

s conduc 0% carBee bLaner B SRR RY b B RS oD i b R

i nsul at i ng afd dofh&¥RIto alRghgth 1R8] padf h openi ngs exposi ng the bond pads of the
dies; a plurality of traces and ball pads on the insulating film a bond pad

of each of a fi p&insulgiieg layer cyeebsdragiseanidnt er connected by a trace, and one of
sai d bond pads ' : ' a ball
p Qg}ugmg%tag{réées 3R g}agﬁgag«g 18£S HApag bEARY R firifSor the

pad, such that s pads irst and second dies are connected to
a si ngl e batdongdid;coamectadshyl aatracego b aymt padvdia thinkdidi es and conpri si ng openi ngs
exposi ng the bond pads of the dies and the ball pads; and a plurality of
traces on the insulating layer; a bond pad of either the first die or the

second di e jij Nt enGqRReGteAdvAR: 18vdl hadkagd, RodpRaRg pad of a third die. 12. An
i ntegrated wafer |evel Backage, conprising: three or nore dies on a

substrate, eachae#pporeubiiteste eampisingthige onaowsysemigoaderipiipndach diagpmprisingat i ng
trace and & RERERE BdbeRe T od over “the i nsul ating Tilm. the first trace
i nt er connect i ngaminsalatngflin oberelcdieowith bpenings skpaing the bomtpads estheaid; a
second trace Cogg?u(;etll%t}r) %f traces and ball pads on the insulating film; a bond pad of each of a first
die and second die interconnected by a trace, and one of said bond pads of the first and second
dies connected by a trace to a ball pad, such that said bond pads of the first and second dies
are connected to a single ball pad;
an insulating layer over the dies and comprising openings exposing the bond pads of
the dies and the ball pads; and
a plurality of traces on the insulating layer; a bond pad of either the first die or the

second die interconnected by a trace to a bond pad of a third die.

12.  An integrated wafer level package, comprising:

three or more dies on a substrate, each of the dies comprising one or more bond pads;

an insulating film over the dies with openings exposing the bond pads of the dies;

a first trace and a second trace formed over the insulating film, the first trace
interconnecting a bond pad of each of the first and second dies, and a second trace connecting
one of said bond pads of the first and second dies to a ball pad;

an insulating layer over the first and second traces; the insulating layer having
openings to expose the bond pads of the three or more dies and the ball pad; and

a third trace on the insulating layer and interconnecting a bond pad of either the first or

second dies to a bond pad of the third die;
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one of said bond pads of the first and second dies to a ball pad; an

i nsul ating |ayer over the first and second traces; the insulating |ayer
havi ng openings to expose the bond pads of the three or nore dies and the
ball pad; and a third trace on the insulating |ayer and interconnecting a
bond pad of either the first or second dies to a bond pad of the third die;
22 wherein said bond pads of the first, second and third dies are connected
to a single ball pad. 13. An integrated wafer |evel package, conprising: a

support substr affe eQTRI EDhAYadsBreke Bist, TQORd R ihiaadGEOEondb@ed torakblelbal
conprising one or nore bond pads; a bond pad of each of a first die and a

second di epadat erconnected by a trace; an insulating | ayer over the dies and
conpri si ng openi ngs exposi ng the bond pads of the dies; and a plurality of
traces on the insulating |layer; a bond pad of either the first die or the

second di e13.nt ens MiB@at@daly Ievel pakege, compridmyd pad of a third die and said
bond pads of the first, second and third dies are connected to a sin&%e
t,

bal | pad wi t hi na S4EORAeRSHE: COMREFIBE HIEHer Mefe SERICANSHY GWeeaercBliq pamrs
second or third,di@gy ﬁacﬁ?@ﬂ&ﬂt;ﬁq P¥acd Jradl§ diCard SREchdft intd8shnectdd by An

i ntegrated wafer |evel package,” conprising: a support substrate conprising
t hree or noae; sem conductor dies, each die conprising one or nore bond

pads; a first insulating | ayer over the dies.wth .openings exposing,t bond
Pads of the di o8t scluticlayéhyen BF Flen ot estmiriaytiorgr B Erp Ape PR B PS g

| ayer and g &igng traces; a bond pad of each of a first die and a second
die interconnected by a trace; a second insulating |ayer over the first

redi stribution &phslitpatiracenpr thsiingylasine fayay @ boad pahel Bibauth diast disforthie di es:
and a second redi stri i v 5 i

conpri si ngsec(): Hré(?glre %t#ﬁ:fggeﬁ%ﬁb&'g&aﬁge g&nadf’%%tpr% ggggﬁtﬁggﬁ&ng@? Pé\lgiyrgﬁ%gﬁ@gpad of
ei t her t hefifst,rsééondiaad eird dies e camdctdd & a single ball pad within the package; wherein one

of said bond pads of the first, second or third dies is connected by a trace to a said ball pad.

14.  An integrated wafer level package, comprising:

a support substrate comprising three or more semiconductor dies, each die comprising
one or more bond pads;

a first insulating layer over the dies with openings exposing the bond pads of the dies;

a first redistribution layer on the first insulating layer and comprising traces; a bond
pad of each of a first die and a second die interconnected by a trace;

a second insulating layer over the first redistribution layer and comprising openings to
the bond pads of the dies; and

a second redistribution layer on the second insulating layer, and comprising one or
more ball pads and a trace interconnecting a bond pad of either the first die or the second die
to a bond pad of a third die, and a trace connecting said bond pad of the third die to the ball
pad, wherein said bond pads of the first, second and third dies are connected to a single ball

pad.
15.  An integrated wafer level package, comprising:

at least two dies situated on a substrate;

a first insulating layer over the dies with openings exposing bond pads of the dies;
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to a bond pad of a third die, and a trace connecting said bond pad of the
third die to the ball pad, wherein said bond pads of the first, second and
third dies are connected to a single ball pad. 15. An integrated wafer

| evel package, conprising: at least two dies situated on a substrate; a
first insulating | ayer over the dies with openings exposing bond pads of the
dies; 23 a first trace fornmed over the first insulating |ayer and
connecting a bond pad of two of the at |east two dies; an insulating |ayer

over the first }iageadd fofmadorP e Met iRxamicNg et Bl Ednhsdtinteradsd paddf twd dral |
pad and a second trace over the insulating layer, and a via interconnect in

the openi Hi at leasidwpalias; with the first trace, and the second trace

connecting the i bRl BONTRE b Piret WE: B Ln?o BihindBBhsh Rl digadnpads of

the two dies are conne to a single ntegrated waf er
| evel package, abatppadsamigt seeorsitpgee oyershbmbulatire layparpandsa vig irttevoororectioitle di es,

each die conprising a plurali of bond pads; a first.insulating |ayer over
the di es aRBNURHBIPERAGYIH DR TR 5s cOREE P 2Haco o G HECROME bRds. of
the dies; ahetallipallwier@h sditibohd paRDEheINoldiiB afd dohheditbidl AfindlbalpyRr . at

| east one of the first traces connecting a bond pad of a first die to the

bond pad of a second die; a second insulating |ayer over the first traces
with an op(jgi ng ,ex tosi pg v&att‘eer la\'gell east one riqf the first traces; and a ball
pad and a 3&conf Mt PERECEVECTIRS' BEEERH PHRUYE i ng | ayer, and a via

i nterconnect i Na sligportGnBitatcontprishigttd6 or wiokdditd) @adhitdi¢ e@fprisimea plurdlipeof i r st
traces, and the second trace connecting the via interconnect to the bal

pad, wher ebandpads; bond pads of the first and second dies are connected to a

St oL el SO R e st B

exposing the bond pads of the dies; , -

a plurality of first traces on the first insulating layer, at least one of the first traces
connecting a bond pad of a first die to the bond pad of a second die;

a second insulating layer over the first traces with an opening exposing the at least one
of the first traces; and

a ball pad and a second trace over the second insulating layer, and a via interconnect in
the opening in contact with the at least one of the first traces, and the second trace connecting

the via interconnect to the ball pad, wherein said bond pads of the first and second dies are

connected to a single ball pad.

17. A semiconductor wafer, comprising: a substrate comprising one or more wafer level
packages, each package comprising:

two or more semiconductor dies, and each die comprising a plurality of bond pads;

a first insulating film over the dies with openings exposing the bond pads of the dies;

a plurality of first traces on the first insulating film, a bond pad of each of a first die
and a second die within a package interconnected by a first trace;

a second insulating film over the first traces; and

a second trace and a ball pad on the second insulating film, one of said interconnected
bond pads of the first and second dies connected by the second trace to the ball pad such that

said interconnected bond pads of the first and second dies are connected to a single ball pad.
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two or nore sem conductor dies, and each die conprising a plurality of bond
pads; a first insulating filmover the dies with openings exposing the bond
pads of the dies; a plurality of first traces on the first insulating film
a bond pad of each of a first die and a second die within a package
interconnected by a first trace; a second insulating filmover the first
traces; and a second trace and a ball pad on the second insulating film one
of said interconnected bond pads of the first and second di es connected by
the second trace to the ball pad such that said interconnected bond pads of
the first and second dies are connected to a single ball pad. 24 18. A

sem conductl8r waAfsemicondwgser wafay comprsing tarsabstratecroprprisingg plutelityrafivater lesiel waf er

| evel packages, each package conprising: two or nore sem conductor dies,
and each dP@gégﬁp?FﬁPﬁé“ﬁe63HP%T$$y of bond pads; a first insulating film
overlying the diesor hbe sbaidnpatisr dids, rtecach die compeisiag atphuralitglof bepkpudsgs i n
said film and a redistribution |ayer conprisiqp a pIur%lity of trac?F and
bal | pads, a fiA&stinsylagng §im exerbangthe difs. the pad pads of theidiss ekpossd HHave

i nt er connegt.i 09¢1Raghqof each of a first and second die within each
package; agééggﬁgn?nsﬁﬂaﬁghg filmover the first trace; and a second trace

connecti ng one otedisttibhtiontl@rec oompiidiegla ploruditypefdsaces artdimllfpads ta fastdrasecond

dies to a ball pad w.thin each_.package such that said, ipnterconnected bond
pads of t hatyqisdan tgrst nsuline fireand lercosrioeabopd pad of sash & AR 0.t he
second traggoaddich@ttin PAd patkdgat ed on the second insulating film 19. A
sem conduct or wafer, conprising: a substrate conprising a plurality of wafer

| evel packages 2 seseot insulekag &l orgrthasfigtracehénde or nore seni conduct or dies,
and each die co i S a | i - ' ' [ ' er
the dies with o%“é%%’ﬁ% gg‘:eex‘b"g‘!’s’?‘%%gt"hé oﬁgoah%‘%%g%’g’?‘g@e‘l %@%dqaggwtgé firse %‘Ed %o b y
of traces didtdabll padsititn ehdhepackepalsath that shid imerdonadatedi bogd pady éfitke first and

i nterconnecting a bond pad of each of a first die and a ecgnd di e %L at

| east one ﬁg@,&gags argrgnnected to a single ball pad; the second trace and ball pad situated on the

second insulating film.

19. A semiconductor wafer, comprising: a substrate comprising a plurality of wafer level
packages, each package comprising:

three or more semiconductor dies, and each die comprising a plurality of bond pads;

an insulating film over the dies with openings exposing the bond pads of the dies;

a first plurality of traces and ball pads on the insulating film, including a trace
interconnecting a bond pad of each of a first die and a second die of at least one package, and
a trace connecting one of said bond pads of the first and second dies to a ball pad within the
package;

an insulating layer over the first plurality of traces with openings to the bond pads of
the dies and the ball pads; and

a second plurality of traces on the insulating layer, including a trace interconnecting a
bond pad of the first die or the second die of the package to a bond pad of a third die of the
package such that said bond pads of the first, second and third dies are connected to a single
ball pad.
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a trace connecting one of said bond pads of the first and second dies to a
ball pad within the package; an insulating |ayer over the first plurality
of traces with openings to the bond pads of the dies and the ball pads; and
a second plurality of traces on the insulating |ayer, including a trace
interconnecting a bond pad of the first die or the second die of the -
package to a bond pad of a third die of the package such that said bond
pads of the first, second and third dies are connected to a single bal

pad. 25 2090A SANGREMMGLEF wifRE, 8bmpRARPId stbitthte ConfHIfor AIGrafif B aFer 18ved
plurality of wafer |evel packages, each package conprising: four or nore

sem conductpeskadésesachapackagachmyiigingonpri sing a plurality of bond pads; an

insulating film.ver the di. ] . i L O . ies; a

rst set of trSo5r aha whlifglbbP P ERL RA dP i RERARY, MghlBa! P71, 2

i nt er connect i ngaaidoRtngfilin olereRedicoivith opénigds tolthe band padssefeiondiedi e of at

| east one package, a trace caonnecting one of sajd hond pads of the first
%Jeﬁk%gg@%u%ﬁﬁuql

and second diesaﬁ%“éaﬂﬁmﬁﬁﬁéﬂd$PUHW#(Wﬁée"E _ h&t 8% d bond pads
of the fir %ﬁte@&%eéﬁg%ggg%gf Of@fé&h%ﬁﬁatd@@a&doa QcSldik 81 Rabdst oRAShckfbel 4 aCE

i nterconnecting a each of a third die and a fourth die of the
package, amde eonheaing onefisaid borgl made oHihe iast dnd savdnpdids toof balhgadtvithinl thand

fourth dies to a ball pad.wthi he. package; .anh insul ating | ayer r the
e sot ortRed ' g BRY it PaBor i TRAR S B B Rk oS EieBIE L bor)
pads; and ageaene ifetomtectingdd BshdqadlofeachFdltidtd dig ah@y Eurthi di€ biiHe packhgearces

i nterconnecting bond pads of the first and second dies to the third and

fourth di egndfmerconpectingeragesaidhondpadepd the Huidand fouggy digs tocdhabmad wigin g

substrate ¢ %L%kng a plurality of wafer |evel packages, each package
conpri si ng: ree or nore seniconductor dies, and each die conprising one or
nor e bond pads; aminsblating ager ®fer thadhstabt of tfatesstitidopenangs taths dondpaddio€ the

i nt erconnect ed race;
dies an(? }/he%ah pags; and
a second set of traces on the insulating layer, including traces interconnecting bond

pads of the first and second dies to the third and fourth dies within the package.

21. A semiconductor wafer, comprising: a substrate comprising a plurality of wafer level
packages, each package comprising:

three or more semiconductor dies, and each die comprising one or more bond pads; a
bond pad of each of a first die and a second die interconnected by a trace;

an insulating layer over the trace and comprising openings exposing the bond pads of
the dies; and

a plurality of traces on the insulating layer, including a trace interconnecting a bond
pad of either the first die or the second die of each package to a bond pad of a third die of the
package;

wherein one of said bond pads of the first, second or third dies is connected by a trace
to a ball pad within the package such that said bond pads of the first, second and third dies are

connected to a single ball pad.
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an insulating |ayer over the trace and conpri sing openi ngs exposi ng the bond
pads of the dies; and a plurality of traces on the insulating |ayer,
including a trace interconnecting a bond pad of either the first die or the
second di e of each package to a bond pad of a third die of the package;
wherein one of said bond pads of the first, second or third dies is
connected by a trace to a ball pad within the package such that said bond
pads of the first, second and third dies are connected to a single bal

pad. 26 227A Sﬁ%ﬁ%ﬁla@&&f waFed 86m &Qﬁ@ra'sﬁ b IRt suBstBHORM BrishLSpIuANG) of
conprising a plurality of waf er Ievel ckages, each package conpr|5|ng
three or rrwaﬁﬂé%’ﬁ’i peslsengstageh package mr@m@h die conprising one or nore bond
pads; an |nsuI h nd pads
b the di'es: a I porbRhRERhbRE oS bl PRERbRAT: SRASHAR phRE R
conprising tr acas;nsﬂatﬁngwﬁilnpa\@hrdfe dlesa&ﬂth openingh exmisingitie bardl ;&dsaﬁthadledj e of at
| east one packag |nterconne ted by g trace;. an |nsulat|n | ayer over the
first distri buti’gFﬁt Fegygiib %’a BERPR %/}@Il%llaé'ﬂélﬁl HF8 é%ﬁﬁ%ﬁ%gaqeﬁea b abis of
the dies; ang #a38GMaddeliestdd dqybfmedsm a mﬁeﬂcm@céhlbs}g tagyer, and
conprising traces and one or nore ball pads; § d pad of "either the first
die or the secoatdmdulletmg laydreovpatbk fige dlstrr’uxuepmtamﬁemd@drrtpylsmgtopanegm‘xpomg
second red'StrlguH§?? ay.er. t@ a bond pad of a third die of the package,
and said bHﬁd’B FEOIHETEHAPY die is connect ed by a trace of the second
redi stribution akaygd retdcstﬁbda@h llayeRéh thdGhsulafiag 12384, dndedtepridasiStraves hitorfeidr St ,
second and third dies are connected to a single ball pad. 23. A

sem conducingre badkrads; Wﬁrﬁaépfl@theéﬂ&fﬁﬁ@ﬁo@h%%qc%é é‘e@éﬁﬁrﬂ%k%@ two or nore
waf er | eve ch

i e compr  RGEHRORT by RHGC. PORKERENE RARIEH DR ayb'B HopBLF of) By ALCLEET
dies with pakage)gsd m(d)bmmdtdfmehbmdi dmadmméctéd]by dtra&: of the gdconidtedisyribmtiofi i r St

traces on the first insulati | a bon ad o of afirst dje
aner toa bah pad such t}lat Sgld bo}gs pads of the fd rstp seconé Prd dtles are connecteJ to
a single ball pad.
23. A semiconductor wafer, comprising: a support substrate comprising two or more

wafer level packages, each package comprising:

two or more dies, and each die comprising a plurality of bond pads;

a first insulating layer over the dies with openings exposing the bond pads of the dies;

a plurality of first traces on the first insulating layer, a bond pad of each of a first die
and a second die within each package interconnected by a trace;

a second insulating layer over the first traces with an opening exposing each of the
first traces; and

a plurality of ball pads and second traces over the second insulating layer, and a via
interconnect in each of the openings, each via interconnect in contact with one of the first
traces; and connected by one of the second traces to one of the ball pads, such that said

interconnected bond pads of the first and second dies are connected to a single ball pad.

24.  Any of claims 1-23, further comprising an insulating layer over the traces.

27



and a second die within each package interconnected by a trace; a second

i nsul ating | ayer over the first traces with an openi ng exposi ng each of the
first traces; and a plurality of ball pads and second traces over the second
insulating layer, and a via interconnect in each of the openings, each via
i nterconnect in contact wwth one of the first traces; and connected by one
of the second traces to one of the ball pads, such that said interconnected
bond pads of the first and second dies are connected to a single ball pad.
24. Any of23;| ai Amy df 23msf10y 11HeB, BRERI 2 §ifiilghedBorhpiedih @i sddand RyelatiQyRyert he
traces. 27 25"AW¥ of claims 10, 11, 13, 19, and 21, further conprising a
second i nsNeRYingdng plywiity fieaces Vit openangsitathgiball padst t races with openings to
the ball pads. 26. Either of clainms 14 or 22, further conprising an

insul ating | ayer over the second redistribution layer. 27. Any of clains

1- 23, furtXer dtither bBilaignsd 4aal2R, fucthéravmpnising tie thsolatieg yebater theadcond28.  Any
of cl ains 1g.or 21, wherein the trace interconnecting the bond pads of the
first andedBEBHEONEE i s on an insulating filmoveriying the dies. 29. Any
of clainms 17-23, further conprising scribe |ines between the packages. 30.
Any of clainms 10, 11, 16, 19 and 23, wherein each package conprises at | east
four seni Tondubnyoef ddims 1-23n dirtheecdmprisings ballaontagt mpuntediereach baphpades a
trace interconnecting a bond pad of the fourth die to a bond pad of the
third die of each package. 31. Caim 20, wherein the second set of traces
conprises 28.tr aggy o6fdlfme ABE 1 | wigkréin irithee pactc@inet i the beid glde of thedirbond pad
of the third or the fourth die of the package. 32. Caim20, wherein the
second setandrseganddiss iy gmp inselating ﬁ%@‘éer]iymgég%@ﬁﬁecti ng a bond pad of the
second die to a bond pad of the third or the fourth die of the package. 33.
Claim 20, wherein the second set of traces conprises a trace interconnecting
a bond pa2b.of Aidneoffdlaists 1@+28, Hfrthbheonpaskggeribedires betwedep et patkdagae t hird die
of the package, and a trace interconnecting a bond pad of the second die of
t he package to a bond pad of a fourth die of the package.

30.  Any ofclaims 10, 11, 16, 19 and 23, wherein each package comprises at least four
semiconductor dies, and the first plurality of traces comprises a trace interconnecting a bond

pad of the fourth die to a bond pad of the third die of each package.

31.  Claim 20, wherein the second set of traces comprises a trace interconnecting a bond

pad of the first die to a bond pad of the third or the fourth die of the package.

32.  Claim 20, wherein the second set of traces comprises a trace interconnecting a bond

pad of the second die to a bond pad of the third or the fourth die of the package.

33.  Claim 20, wherein the second set of traces comprises a trace interconnecting a bond
pad of the first die of the package to a bond pad of the third die of the package, and a trace
interconnecting a bond pad of the second die of the package to a bond pad of a fourth die of
the package.

34.  An electronic system, comprising: an integrated circuit module comprising at least one

wafer level package according to any of claims 1-23.
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34. An electronic system conprising: an integrated circuit nodul e
conprising at |east one wafer |evel package according to any of clains
1-23. 28 35. A nenory nodule, conprising: a printed circuit board, and an
integrated circuit nodule conprising at | east one wafer |evel package
according to any of clains 1-23. 36. Claim34 or 35, wherein the integrated
circuit nodule conprises a nulti-chip nodule. 37. Caim36, wherein the

mul ti-chip nodule is selected fromthe group consisting of a single in-line
menory nodyke, in=li . - 0. card or
nodul e, gga rgaﬂ@@ﬁ???%%ﬁg?§&§ggﬁgéﬂ9ﬁ%%ﬁ?§?“%gagwﬂhﬁﬁﬁgg ?F%gmﬁg%er | eve
package, conplulesiomprisingratcagtone afer bavel pagkagefaocardinlg vw eny efidaimstlél3connect i ng
two dies on a substrate, the redistribution |ayer conprising a first trace
i nterconnecting a bond pad of each of the two dies, and a second trace

i nt er connegii Ng CY4id 3 or33i Whremdh® R rdt@d drdddinmodd@tomirReSd MuBRédp nmdanld. pads
are connected to a single ball pad. 39. An integrated wafer |evel package,

conprising: a plurality of electrically conductive traces formed over and

 nt erconnecyi ng g 4 GereBad AHPShE Aciuicds ity £EATE LALELSRRNRELENT 2

bond pad of each the Ires, and a secon trace co Ing one of said
bond pads tsingk ihdink npathry wivdnle] adsdidlinamemogymediled ratoth prds manay card
connected to a sjingle ball pad. 40.l§n i ntegrated wafer |evel package,

conpri si ng:°r fodrlgi Adr3 153d-P-MeAY cpd EPYFer and i nt er connecting two dies
on a substrate, the redistribution |ayer conprising a first trace
connecting a bond pad of each of the two dies, and a second trace

connect i ng 38ai d Afmiinwegratadavafert leved phelage, saniprisihgr ei n sai d connect ed bond pads

are connected to a single bal.l d. 41. .A sem conductor wafer, conprising:
one or more vat aredu bt faled oy iieEauiectE Y Ber et bR TSI ng two
or nore segigAREiatiSer doBFrisiAd 8l i ahcedh@rdvanatihg iarbgncaf)zm sfreath bthetwbdond

pads; and a_ redistribution |ayer gonprising a first plurality of traces and
bal | pads @Nesrandifeseeqi tice jgpreonnecting one of said bond pads to a ball pad, wherein said

bond pads are connected to a single ball pad.

39.  Anintegrated wafer level package, comprising:

a plurality of electrically conductive traces formed over and interconnecting two dies
on a substrate, a first trace interconnecting a bond pad of each of the two dies, and a second
trace connecting one of said bond pads to a ball pad, wherein said interconnected bond pads

are connected to a single ball pad.

40.  An integrated wafer level package, comprising:

a redistribution layer formed over and interconnecting two dies on a substrate, the
redistribution layer comprising a first trace connecting a bond pad of each of the two dies, and
a second trace connecting said first trace to a ball pad, wherein said connected bond pads are

connected to a single ball pad.

41. A semiconductor wafer, comprising:
one or more wafer level packages formed thereon, each package comprising two or
more semiconductor dies, and each die comprising a plurality of bond pads; and a

redistribution layer comprising a first plurality of traces and ball pads over the two or more
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29 dies wherein a bond pad of each of a first die and a second die within a
package are interconnected by a trace, and one of said bond pads of the
first and second dies are connected by a trace to a ball pad within the
package, wherein said interconnected bond pads are connected to a single
bal | pad. 42. Any of clains 38-40, wherein the substrate conprises a

sem conductor wafer. 43. Any of clains 38-41, further conprising a bal
contact nounted on the ball pad. 44. Any of clains 38-41, wherein the dies

conpri se i iRRka bRl Irado e QiR a §E%HM ie \WHihGt & pRkagdare ANy  Of
clainms 38-41, further conprising an insulating |layer over the traces with

openi ngs exnpgsomgcmd@ybatalce,padgne a:BsaldAbwldqvhdmfahﬁﬁrsB&ndmconwdq@pmrn conngcted
conauct | ve o adGes | OBR] A Sulhif IR A SRR b il peBlsoiRg pifhsret n | he

conductlvebﬁg SRS al um num
gold, and mbﬁkﬁkdt&BSmgkamnméﬁ, mhereln the conductlve traces conprise two
or nore |layers of a conductive netal. 49. C aim46, wherein the conductive
traces conprise overlying |layers of alum num nickel, and copper. 50. Any

of clains g% 41 An%?'f:lpa' s s 3418 é}?ffé f He st sttlra?ec& RSB deifichdalBivgafet ve pol ymer

mat eri al . Any- o ns 4 urt er conprising an 1 nsulating |ayer
over the first trace with an openlng exposing the first trace, with the

{race” conndt od A8 OBIT: Tt L BERRGLTPINI hEabHEh oL RSB e ho

first trace. 52. Claim4l, further conprising scribe |lines between the
packages. 53. Any of clainms 38-4 1, wherein each package conprises at | east
four sem cdAductay of dlais 3&A whezein thei digsriompriseintdgzared cisuitpyl worngrfomy aof

traces COIT% n?o??flﬁl U&?ast one trace

45.  Any of claims 38-41, further comprising an insulating layer over the traces with

openings exposing the ball pads.
46.  Any of claims 38-41, wherein the conductive traces comprise a conductive metal.

47.  Claim 46, wherein the conductive metal is selected from the group consisting of

copper, aluminum, gold, and nickel.

48.  Claim 46, wherein the conductive traces comprise two or more layers of a conductive

metal.

49.  Claim 46, wherein the conductive traces comprise overlying layers of aluminum,

nickel, and copper.

50.  Any of claims 38-41, wherein the conductive traces comprise a conductive polymer

material.

51.  Any of claims 38-40, further comprising an insulating layer over the first trace with an

opening exposing the first trace, with the ball pad and the second trace over the insulating

30



i nterconnecting at | east one bond pad of the fourth die to at | east one bond
pad of a third die of each package. 54. An el ectronic system conprising:
an integrated circuit nodule conprising at | east one wafer |evel package
according to any of clains 38-53. 55. A nmenory nodule, conprising: a printed
circuit board, and an integrated circuit nodule conprising at |east one

waf er | evel package according to any of clains 38-53. 56. Claimb54 or 55,
wherein the integrated circuit nmodule conprises a nulti-chip nodule. 57.

d ai m 56 W“éé)ép'aﬂd M&%eé&'l'dttfacg&rﬂleﬁg&jw £vih &bt thd GPEnindan 864 WGk St i ng
of a single in-lIine nenory nodule, a dual in-line nmenory nodule, a random

access nendrsttiged-d or nodule, and a read-only-nmenory card or nodule. 58. A
nmet hod of fabricating a wafer |evel package, conprising the steps of:
providing a substrate having a plurality of sem conductor dies thereon, each
die conprisgj ngOmig 41 furtheecdmgpribinpadaibe Huypslbgiwegn de padkageat i ng fil m over the
dies; form ng openings through the insulating filmto the bond pads of the
dies; fornming a redistribution layer over the insulating film the

redi stribukszon lLayer clgﬁf?{r%f b F |Herén Qe%dﬁ éﬁ%;lka%)f c&%ﬁﬁe@%ﬂ%a%‘f&ﬂ sémidoB®fetor

i nterconnecting a“bon eac and a second die
appl yi ng anlidsyend|thd redrstrltmylen layeror nllhrelmyexﬂtrscaswbmprlm at kepstrone &nack 31 form ng

The “bond HBEOBIERHEATaRLene it Sat e G G Bk eabl e SoR PR B LS, o

i nt er connegfesthpathgpads are connected to a single ball pad. 59. A nethod
of fabricating a mag | evel package, conprising the steps of: providing a
substrate having at |east three semi conductor dies formed thereon, each die

corPT 1 110 8 STk SRR AL DR ORUADS LU i o

and wafer level package according to any of clalms 38-53.

55. A memory module, comprising: a printed circuit board, and an integrated circuit

module comprising at least one wafer level package according to any of claims 38-53.
56.  Claim 54 or 55, wherein the integrated circuit module comprises a multi-chip module.

57.  Claim 56 wherein the multi-chip module is selected from the group consisting of a
single in-line memory module, a dual in-line memory module, a random access memory card

or module, and a read-only-memory card or module.

58. A method of fabricating a wafer level package, comprising the steps of:

providing a substrate having a plurality of semiconductor dies thereon, each die
comprising one or more bond pads;

applying an insulating film over the dies;

forming openings through the insulating film to the bond pads of the dies;

forming a redistribution layer over the insulating film, the redistribution layer
comprising a plurality of traces with a trace interconnecting a bond pad of each of a first die
and a second die;

applying an insulation layer over the redistribution layer; and
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formng a plurality of traces and ball pads on the insulating film wherein
a trace interconnects a bond pad of each of a first die and a second di e,
and a trace connects one of the bond pads of the first and second dies to a
bal | pad; applying an insulating | ayer over the traces; and formng a
plurality of traces over the insulating |ayer, wherein a trace interconnects
a bond pad of either the first die or the second die to a bond pad of a
third die. 60. A nethod of fabricating a wafer |evel package, conprising the

steps of: provi %rg.gﬁaa gaﬁasahampwﬁ 9 ibiaki6R Blyet, B4i8 &aSEHnmORM Tnebf ees

formed thereon, e e conprising one or nore bond pads, and a trace
i nt er connebbidipada ob tredirgtaadd sécopd dies ¢d the ball pads twhdiedn saidiingersersieetgd Bprd pads

applying an insul ating layer over the traces; form ng openings through the
insulatingaFé?@P“?ﬁhP%é“ﬁ%ﬁﬁﬂgﬁﬁs of the dies; and forming a plurality of
traces and ball pads over the insulating |ayer, wherein a trace

i nterconnects a bond pad of either the first or the second die to a bond pad
of a third>58i e, Aanethad of fahdieating grveaferdevsh packpge spMPHERthestres 6F the first,

second or thi T dpflEind £ aibsRhB WA DY léatls}gggeeosg?rricdﬁdﬂaBmgs Rlml#HeloRldab 2

waf er | evel pacgage, onprising providing a substrate

conpri si ng didvoaepr/ingrleastaambomhphldct or di es; each die conprising one or
nore bond pads, aq jnsuLat'ng f;ln1ovEr the dies with openings to the bond
pads of the die§Pp3@g@Bﬂm*k@ & fifm o¥er thedi®t v i buti on I ayer on the insul ating

film the first q5ahSEddnbigh iRBuANE InsulbfiPrinSionle Bord pHARLT the d@ds; dddaces,
wherein a trace interconnects a bond pad of each of a first die and a

second di e; appffgriming apluralisyipEracaganddipdpads e the rsutating film ewhereinjagrace on
| ayer; fornmi.ng openings,thropgh the.insulating |ayer of the
tgrgﬂrllrﬁé{g gqgagg 8?!%0 r%&P of g Iﬁ i aﬁ& P sgconfi%le, 1:?1 a {chee ﬁ%ﬁﬁ&tsoc?q%;of; er,

dies; and 'f ut1on rayer -on’the rnsulating

the second thiesbngtpad HeftthOfirst hiy@comdigy toibay padte or nore ball pads and a
trace interconnecting a bond pad of either the first or the second die to a
bond pad of a tRPRIYingjaB insyleging layenever tsireees: Ah sai d bond pad of the

forming a plurality of traces over the insulating layer, wherein a trace interconnects a

bond pad of either the first die or the second die to a bond pad of a third die.

60. A method of fabricating a wafer level package, comprising the steps of:

providing a substrate having at least three semiconductor dies formed thereon, each
die comprising one or more bond pads, and a trace interconnecting a bond pad of each of a
first die and a second die;

applying an insulating layer over the traces;

forming openings through the insulating layer to the bond pads of the dies; and

forming a plurality of traces and ball pads over the insulating layer, wherein a trace
interconnects a bond pad of either the first or the second die to a bond pad of a third die, and a

trace connects one of said bond pads of the first, second or third dies to a single ball pad.

61. A method of fabricating a wafer level package, comprising the steps of:
providing a substrate comprising three or more semiconductor dies; each die
comprising one or more bond pads, an insulating film over the dies with openings to the bond

pads of the dies;
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third die to a ball pad. 62. A nethod of form ng a die package on a wafer

| evel , conprising: providing a sem conductor wafer having a plurality of
sem conductor dies thereon; formng an insulating filmover the wafer, the
fil mhaving openings to the bond pads of the dies; and form ng a

redi stribution layer on the insulating filmto forma plurality of traces,
including a trace connecting a bond pad of each of a first die and a second
die; formng an insulation |ayer over the redistribution |layer; and form ng

a trace and a bglhirgadfi@irelRibutisni lagéd @nhé ByelatingAing the ABEredBaItRACLA RgeOne of
said bond pads of the first and second dies to the ball pad Slrllch t hat .t he
connect ed BRRFISHRERPIFALY igFaces MREraima Hacs; iptgTeanprets 2 bond pag of exchpdafisy dis

formng a g&pa%g&l&p&g. on a wafer level, conprising: formng a first
redi stribution l'ayer over at |east two dies on a substrate, the first

redi stribution hpphdng enimpulasngpyer qyeutha ffirst yedistributmodayer;ncl udi ng a trace
connecting a bopd pad of. each of the two dies; formng an insulating |ayer
over the first Foélap@t‘?ﬂeﬁlf}g? Oqg&ﬂ%‘?@Slflﬁtfqgil?berb‘f)@ﬁ;%ﬂaflp%ﬁ_rog _ ‘?Shém} nsul ati ng
| ayer to exposefR@aly Oecdiireliis@bafioRlayért thé nShlatif L&t fheRedon@RedigdiBiitionand
form ng a second redistribution |ayer over the insulating | ayer, the second

redi st ri butdyercompyisingooapr morabpllpads amda iracg inferepandctipga §orhpad of£itbey thaand a
via intercegnn ' [ . 0 ' ' ' lL.ayer
" cont act T rins SRoRR 8REP o Had Bi'of! whURsCRER PRS Bhndee LTSRN EY
t he secondthigidiistord tulltpadn | ayer connecting each of the via interconnects to
a single ball pad. 64. Any of clains 58-63, further conprising applying an

insulating | ayer over the traces. 65. Claim®64, further conprising formng
openi ngs t @%.OUQJ& hdifiod SSBHARMb A fRigeld 4 WFeLRY, cFHRingd6. Any of clainms
58-63, further conprising: singulating the substrate or wafer to form
providing a semiconductor wafer having a plurality of semiconductor dies thereon;
forming an insulating film over the wafer, the film having openings to the bond pads
of the dies; and
forming a redistribution layer on the insulating film to form a plurality of traces,
including a trace connecting a bond pad of each of a first die and a second die;
forming an insulation layer over the redistribution layer; and
forming a trace and a ball pad on the insulation layer, said trace connecting one of said

bond pads of the first and second dies to the ball pad such that the connected bond pads are

connected to a single ball pad.

63. A method of forming a die package on a wafer level, comprising:

forming a first redistribution layer over at least two dies on a substrate, the first
redistribution layer comprising a plurality of traces including a trace connecting a bond pad of
each of the two dies;

forming an insulating layer over the first redistribution layer;

forming openings through the insulating layer to expose each of the traces of the first
redistribution layer; and

forming a second redistribution layer over the insulating layer, the second
redistribution layer comprising a plurality of ball pads and traces, and a via interconnect

disposed in each of the openings of the insulating layer in contact with a trace of the first
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i ndi vi dual packages, each package conprising the first and second dies
connected by the traces of the redistribution |layer. 67. A nmethod of
fabricating an integrated circuit nodule, conprising the steps of:
providing a substrate conprising a plurality of wafer |evel packages
according to any of clains 1-16; separating each package on the substrate
to formindividual packages; and assenbling one or nore packages into an
integrated circuit nodule. 68. Any of clains 58-63, further conprising
mount i ng a rb@kttiben [agdr, A d thke Bathe sp@Hd redif@but®dnTiyich ochrettiigdich efthe vih a
waf er | evel package, conprising the steps of: formng a redistribution |ayer
over at | edsercoprscfited siglebadlingdirate, the redistribution | ayer conpri sing
a plurality of traces and one or nore ball pads; a first trace connecting a
bond pad of each of the two dies, and a second trace connecting one of the
bond pads t&d. a balylof claads 58468y farthersaimgrisiop apmyied ab arsdlapag fayar evec trertmcesed t o
a single ball pad. 70. A nethod of form ng a die package on a wafer |evel,
conprising: providing a sem conductor wafer having a plurality of
sem conductgar dicgsint e Hader corﬁﬂqlsixﬁg)fo%ﬂ% ogeﬁiﬁgy itduih Wie iRsulAtmpasyed Yeihe biIe
plurality of dies to forma plurality o all pads and traces, including a
trace conngetl$.ng a bond pad of each of a first die and a second die, and 34
a trace connecting one of said bond pads of the first and second dies to a
ball pad, wherein said connected bond pads are connected to a single bal
pad. 71. Cesl m eyt cldms 5 8H68 Martheapiptisinposingudating mige substras o whfen foayer
over the redistribution layer, the insulating |ayer hgvlng opegings to the
bal | pads dndividualnagkages.icptt PagkageLomprisigg Hlecf%ﬁwéewwg Sigsicopssted bydhe o t he
bal | pads qf,.th& thedbstdulbh ?aggr layer. 72. Claim69 or 70, further
conprising: applying an insulating | ayer over the redistribution |ayer;
form ng openings through the insulating |layer to the ball pads and the bond
pads of t he67. A method of fabricating an integrated circuit module, comprising the steps of:
providing a substrate comprising a plurality of wafer level packages according to any
of claims 1-16;

separating each package on the substrate to form individual packages; and

assembling one or more packages into an integrated circuit module.
68.  Any of claims 58-63, further comprising mounting a ball contact on the ball pads.

69. A method of fabricating a wafer level package, comprising the steps of:

forming a redistribution layer over at least two dies on a substrate, the redistribution
layer comprising a plurality of traces and one or more ball pads; a first trace connecting a
bond pad of each of the two dies, and a second trace connecting one of the bond pads to a ball

pad, wherein said connected bond pads are connected to a single ball pad.

70. A method of forming a die package on a wafer level, comprising:

providing a semiconductor wafer having a plurality of semiconductor dies thereon;
and

forming a redistribution layer over the plurality of dies to form a plurality of ball pads

and traces, including a trace connecting a bond pad of each of a first die and a second die, and
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dies; and form ng a second redistribution |ayer on the insulating |ayer, the
second redistribution |ayer conprising a trace interconnecting a bond pad
of either the first or the second die to a bond pad of a third die. 73. A
met hod of fabricating an integrated circuit nodul e, conprising the steps of:
providing a substrate conprising a plurality of wafer |evel packages
according to any of clains 38-53; separating each package on the substrate
to formindividual packages, each package conprising the first and second

di es connegtipde B¥nrebend drR@Tsai@fbohd fads @ it firbtintl is€dond dks o a BAlllpadaskertl i ng

one or nore packages into an integrated circuit npdule. 35
said connected bond pads are connected to a single ball pad.

71.  Claim 69 or 70, further comprising:
forming an insulating layer over the redistribution layer, the insulating layer having
openings to the ball pads of the redistribution layer; and

connecting ball contacts to the ball pads of the redistribution layer.

72.  Claim 69 or 70, further comprising:

applying an insulating layer over the redistribution layer;

forming openings through the insulating layer to the ball pads and the bond pads of the
dies; and

forming a second redistribution layer on the insulating layer, the second redistribution
layer comprising a trace interconnecting a bond pad of either the first or the second die to a

bond pad of a third die.

73. A method of fabricating an integrated circuit module, comprising the steps of:
providing a substrate comprising a plurality of wafer level packages according to any
of claims 38-53;
separating each package on the substrate to form individual packages, each package
comprising the first and second dies connected by the traces of the redistribution layer; and

assembling one or more packages into an integrated circuit module.
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