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WD 2004/ 061903 PCT/ US2003/ 039878 METHOD FOR
FABRI CATI ON OF SEM CONDUCTOR DEVI CE Thi s application

w@b@imos1ops i ority to U S. Patent Applicati on SePCHUSIN03/039878

10/ 321,669, filed Decenmber 18, 2002, entitled "Method
for Fabrication of Sem conductor Device", and to the
CIP application entitled "Method for Fabrication 5 of
Sem conduct or Device", filed Decenber 9, 2003.
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Well known examples of the second kind are Gate Arrays, which use generic layers

for all layers up to contact layer, and FPGAs which utilize generic layers for all their
layers. This second group of custom integrated circuits is also sometimes called semi-
custom devices due to their broader applicability. The generic layers in such devices
are mostly a repeating pattern structure in array form.

The use of generic layers across multiple application provides saving for the
individual custom product with respect to the cost of masks and economies of scale.
In 1996 Chip Express of Santa Clara, California, introduced a logic array called
CX2000 that utilized a base logic cell equivalent to about 4 logic gates. At a later
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a method where I/O could be constructed from the transistors that are also used for

the general logic gates. A similar approach was also suggested by Anderson. U.S.

Patent 5,217,916 issued to Anderson et al. on June 8, 1993, discloses a configurable

gate array free of predefined boundaries—borderless—using transistor gate cells, of
2
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2 WO 2004/ 061903 PCT/ US2003/ 039878 the sane type of
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SUMMARY OF THE INVENTION
The present invention seeks to provide a new method for semiconductor
device fabrication that is highly desirable for custom products. The current invention
suggests the use of direct-write e-Beam in conjunction with a continuous logic array.
The continuous array utilizes area I/O with area pads to allow variable sizing of

designs and placing them on a wafer with various numbers of repetitions. The current
3
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desi gns and placing themon a wafer with vari ous
nunbers of repetitions. The current 3 WO 2004/ 061903
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embodiment of the current invention is a continuous terrain customizable by single

custom via layer. Furthermore, the current invention suggests the use of direct-write

e-Beam for those few custom layers. An added advantage of the current invention is

the use of direct-write e-Beam on the continuous terrain to provide on the same wafer

different product types, with different amount of product units of the various product
4
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30 the use of direct-wite e-Beam on the continuous
terrain to provide on the sanme wafer different
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of the various product 4 WO 2004/061903
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enbodi ment of the invention, the logic array
i Rteferclyieclogiorriay cioluiles a atodilsasy.tRueferblyntbe ddgi¢ ayariscludes

o e AT P 5 S A OB e
| agihwdeatigtal)ayers and via layers, and wherein at least one of the metal layers
comprises substantially repeating pattern.

And according to one embodiment of the invention, the logic array
interconnection includes at least two of metal layers each with substantially repeating
patterns. And according to another embodiment of the invention, the logic array
interconnection includes at least three metal layers with substantially repeating
patterns for portions used for the interconnections. Preferably the area I/Os are

positioned in a non-surrounding fashion with respect to the logic array. Preferably,
5
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i nterconnection includes at |east three netal |ayers
Wi th substantially repeating 30 patterns for portions

w@e@d/o61993 t he i nterconnections. Preferably thePer/es2003/039878

I/ Cs are positioned in a non-surrounding fashion with
respect to the logic array. Preferably, 5 WO

2004/ 061903 PCT/ US2003/ 039878 the |l ogic array
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the device packaging.

Preferably also including the steps of: placing and routing a specific design on
the logic array and the memory array; and marking marks for an edge of a used
portion of the logic array and the memory array according to the step of placing and
routing.

Preferably the step of marking, includes photolithography, and also including
a step of dicing the semiconductor substrate according to the marks.
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according to the step of placing and routing. 30

woe@ieerad y the step of marking, includes PCT/US2003/039878

phot ol i t hography, and also including a step of dicing
the sem conductor substrate according to the marks. 6
WD 2004/ 061903 PCT/ US2003/ 039878 Preferably the step
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a4 °Bonpri sing the steps of: placing and routing

a speciltbmatiiRdy 8hefdldlof thbficatdiythnti@gSicAREcEit wafth 86hPiises
and routing a second specific design called B on said

| ot of the phaye matpdg b fabripatinga semiroadicher dswice red olag eemprising
| BleShpR R sBlinh s SRS e IIRAGNEER, i 1k 3ps of placing
26nd routingt beeoneé sppoiicrdesipn odlled B’ onisaiddogic anay;aed wherein the
sem conduct or .waf er. ri ses orderl ess | ogi .

= PG B Sforet i Bhish ke 2 e & oo e Sasation on
r geeadfbr g widideSign®0d Aasddng | ogic cells and 1/0

cells; and a redistribution layer for redjstributing

at | elsanodisirambedimpget of figs invenfion the paveileendyator vafsagamprises a
u D A . 0 .
el s RS AR el P b Apfert Wi rbdy A Bpentng module
2borpainmigllegic bellsand HOecellpamd d redistiibatsin 18y fomedistaibtiting 4t
| ess t han | n anot her enbodi ment of this
| S PE i Dasla T oA P R e

Preferably the I/O cells are arrange in spaced parallel lines. Preferably, spaced

parallel lines are spaced at least 0.2 mm apart but less than 3 mm.

In another embodiment of this invention the repeating module comprises at
least three metal layers. And in another alternative at least one of the metal layers
comprises repeating pattern. And yet, in another alternative at least two of the metal

layers comprise a repeating pattern.
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| east three netal |ayers. And in another alternative
at |l east one of the netal |ayers conprises repeating

waioseer03 And yet, in another alternative at |PEFUSI008039878

of the metal |ayers conprise a repeating pattern. 7

WD 2004/ 061903 PCT/ US2003/ 039878 | n anot her

enbodi nent of the present invention the sem conductor

waf er al so conprises additional custom|ayers which

are ar %9&’1@ n% PR IRR frb nﬂ'n@e oﬁ?heoégnncto@lﬁu&@f wafer also
In ano er enpodi ment the "additional custom | ayers are
acomapripesiadditidngl enstom layers edgch a;rwarrnhgéﬂ &r fonin sgeafisdiz@ize on
oﬂ’\?&?f‘? waf er. I n another enbodi nent of the present

[ Ton a semi conductor device conprises repeating

I /O cetd sothehensddimtitehd &aeinalehstdah bk Sret@tingedtd form at
custom zed to different function by using only custom

vieastitwg differenp difi sizes pRMS Walgle devi ce” al so conpri ses
repeat Mo{hgﬂérﬁb&fllngﬁ of Yﬁé?r@éeﬂt fnb&qtlo?lg sgﬁﬂ’cjoﬁ Fedicbe

custom zed by using only customvia layers. ere I's
t borspresiepeEhgiLiO adlsowha'nmethwq:)batmgmeaﬂs poeflde cestomized to

t he vent| on nmet hod of fabricating
ﬁ?f%ﬁ?‘gﬁ’ﬂ’sil%b%ﬁ%? Y CREMRY iasll"%eés the steps of:

provi dAﬂ&tldnﬁl@fﬁh@@édeCdl @ coBippiSés r@ﬁ@tm% gt dulls,avherein the

borderless logic . array includin urallty of area

| AevicegouldhesyStopized yrigingroalisqusionpyia wlem ng
redi st ;l"hét?ﬁ IR r@x\/lﬁéd fnoe{ccaré A Wil dnb it #)1%?6[111%{1 gg@ia@i}enent of

sonme o e ar G for the pur pose o

pthekagntion, a metbodwidrbriqatingen hWﬂe(hﬁtc&ljt ¢agmprising the steps of:
i nt ergonnect.ed er.s an ayers, and ..
WS IR Lot of e Rty e ABorefyBie 15 E ey BEaine =

| prgdlitp ofared B0t and dlsd inyludpeks dtéigof fBahing Eé’dﬁtﬁbutﬁ)n layer for
portion used for interconnecting. And accor d| ng to one

eFRSEHIbHEAR ableast game al/iba areg A/OSafer the Rurpops,Rf the devies neskaging,
20nd PHEER th@l%gfeddw W tAhedd o rgﬁ@ﬁﬂtaym almlg ?Jr?)g&f %9{

portions usedf I nt'er connect accor
ambelear at éwbmemé ﬂte roétaltlayers mzmrtsemt leant onessabstantinily ecpphting

t he, ne rise substantlally repeati ng

o e R o B BTEERERHER The %) 1 or commeet Lon,
There Asad bdvosding pvdrdeebolinRmecof e ftventivn bt 182Dt 6f thethetal
errbodl df?gsu the. 25 invention, a nethod of

f Layprs dagly taa Y SR EEIETA e ﬂf@émﬂwwﬁquﬁowtqrf@mectmg

steps @Ahd acddtBNE Q)' aﬁ‘lgth%r &ﬁﬂ&cﬁﬂ%%‘ﬂ@m§éﬂﬁ%ﬁ TR &st three of the
forming a bordefless logic array, including a

pmetad layes cofmprsembstainlly sepenting psatisins dorhectians used for the
Sﬂlk%g,rg&% Sionf and formng a redistribution

There is thus provided in accordance with a preferred embodiment of the
invention, a method of fabricating a semiconductor device, comprising the steps of:
providing a semiconductor substrate; forming a borderless logic array, including a
plurality of area I/Os, on the semiconductor substrate; and forming a redistribution
layer for redistributing at least some of the area I/Os. And also includes the step of
utilizing a direct write technique to customize the logic array.

Preferably the step of marking utilizes a direct write technique.
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| ayer for redistributing at |east some of the area
I/Gs. And also includes the step of wutilizing a

wa@eooeo6190% i t e techni que to custom ze the | ogi CPEI/D82003/039878

30 Preferably the step of marking utilizes a direct
wite technique. 8 WO 2004/061903 PCT/ US2003/ 039878
There is thus provided in accordance with a preferred
enbodi ment of the invention, a nethod of fabricating a
sem Co’fﬂéllg M i5ob@atd inC RN Q\gtht%?re%h%fﬁmggdiment of the
providing a seniconductor substrate; tormng a
bimvesidne s settadiof fabricalyng 4 seodicmidngjoradevpleycahprisingathe stegseof:
UGs, . on the .sem condyctor substrate. .and formn .
B < A G DA G OB S PSR g eitrb dufuding a
SPREaRf of 4162 FOS,BonlthéBemisrduibesidbitate;Rd Fo@Rn®h redistribution
formng a borderless logic array conprises the step of

plssen fopradisrihutiag at least spume of the areanldfps, sandrvelapsein thy step of
RO A R e Qo iscs P RSP pigpAE o e B0V

entieslirrmntingffashidvewitinzespct orthe bgivetragd of f abri cati ng

a sem conduct or devi ce, conprisi.ng the steps 10 of.

ot ovi T G® & GEPOTHA Bl 5P IORSE P B Ao et P gtbodinient of
bHedR¥dnB6S, d B&th6ed 8f faBicating & kétBichiudtoR dbvias, icbinpAsin@tRdteps
UGs, on the sem conductor substrate; and formng a

r eflipsaviding e pemiconduptr seltrateciprsingiardssigselogicansy, isgnding a
Byl B 56 L5, 0 AIEERL ol RS89 0l L
b tayeiefol eslstiilnging atleastgome nflhades KOs asd efherein the logic array

positioning the area,l/Os. | nops sur royndi f.ashi on
R ElHOpES e Eitieoft, 38 Whebin B led S fofe AR 26 8%
P[@f@é@&b%te@bﬁ%@ﬂﬁém@@ﬂleQfeam ifh@@nlshkbirfling fashion with
conf%ﬁ%ur abl e . Preferably also including the step

ofespgéiq leashepepidhenepeatisgeershy, wherein a reticle is
Proj echi rgmg%t%t}&oﬁ%m@%%m%c xﬁ?gg;}réb% fo, and
e Used p S

wherein t ortron conprise enents fromtwo

pr oj ecPrefergbly 2Bo Timduding the step sf: peduintieg photokihognaplay) eéherein a
with a preferred enbodi nent of the inventi.o a .
et BioSocti s TR g s siol gybafalg. £RACrHS ey Bpd portion
cedsmpﬂis%isegnieh@f*ﬁdneﬁ%%%jecﬁcﬁfsovi ding a sem conduct or
substrate; formng a_ borderless |ogic array, including
a  pl ulherpsthus prgvidsd 1y assordaneerith apisfearsA gmbpdiment of the

U oy Lo ol St e o
Ppeiviliagh yenaicesluconputisgatagfotthing etbepledess 1ogic airay induting a
| RUPRTSE el Do, SR SR n B8 4 B o
phiyet R rédistiihiRinkQgleastabmays B afaPPOL.i on of the area
s Preferably also comprising the step of: forming pads to connect the
semiconductor device to other devices, wherein at least one of the pads overlays at
least a portion of the logic array or a portion of the area I/Os.
Preferably also including the steps of: placing and routing a specific design on
the logic array; and marking marks for an edge of a used portion of the logic array

according to the step of placing and routing,
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least two of

Preferably al so including the steps of. placing and
routing a specific design on the logic array; and

woreookiosigodrar ks for an edge of a used portion OPCT/H82003/039878

| ogic array 30 according to the step of placing and
routing. 9 WO 2004/ 061903 PCT/ US2003/ 039878
Preferably the step of marking conprises

phot ol i t hography, and also includes a step of dicing

the s i . 0 i ﬂlg .

b of or DT A e dep R RRLER) Co Bt Phelftitorkilf, R % ncludes
da step gf di¢ingniee desi¢dndsctor substodeladcnrdingiortamadswi t h a
preferre di nent, .of th i nyention, .a. method of
Pabr | cRerHR, eisﬁé’éﬁgﬂf&fﬂg‘i‘&aﬁ B Ay i si ng

t he SUERde afthus Iﬁf)ﬂﬁé(ﬂin%p(ﬁ”dﬁﬁ:mvﬁ@ﬂﬂﬂ@feﬁéd sb&difnRhies T the
formng a borderless logic array, including a_ nenory

akovestionaa giethodof faprigstingrasdntegiated céuit wales.cpmpoipiag thegteps of:
PUSPLER ool ST TR, Wing
Prefreraiotay, apbwalitpofares]/Og dnithe sdndipendattor pibaitatesand dokming a

routing.a ecjfic.design 0 .on the,l ogic ,array and
! iy BRSSP et o Sk S s AR B 2 o
used PRFdABNIalRb célifridiBDihe sRps &Y pRoFiglah@ rd iR b ¥pebificcdesign

according to the step of placing and routing.
pretheregf prrenandshe pemprnara; Al Dae meaks for an edge of a used

P9S80 ey A0 Ao PO, B 52y pging
nenkisg. 15 Preferably the step of dicing includes

modal PSRy S B ArnE Fampogr Bndlpp el 45 s

| Barap e eaER6l diyingeieabmicdy@licoranBstiatedackayiBioSo i Harks.

wherein at | east one of the netal |ayers includes at

| east Bﬁ?@r%bgﬁéfﬁpioildicﬁngri@ﬁ]@ﬁisi laggr diskngt er n for a
porti Ofire?e?&ﬁyt go%gtagfxﬂiﬁ@ﬁﬁ&tdngdlﬂlégrrﬂr.t ernatively at

ayers inc e substantially
r epeat Preferaljmthiedogis afray ispatetcommsted dbydndtairlayterseand via layers, and
i nt erconnecting...Preferably.t st of placing,,and .
B e R R T T
aﬁmrﬁ o agaidnaised e titéicenmdesign called B', and

erein_the | ocation on the wafer in which design

0" bl e ARGt Bf melRblay e 416l SohFrhalljerpestiog

S e For & Spedi f1 ¢

desi gnPrefahtly theAtepar gplaainganfl ooutimgas dere fepespetiific ddsgn cpiled

c %l’ lar%j alg) for aaﬂcgjthc\allmsl%gcelhg d(%igr}lucgﬁgﬁ Bo,fand wherein the location on the
wafer in which design A’ is placed is independent of the location on the wafer in
which design B’ is placed.

Alternatively the step of placing and routing is done for a specific design
called A’ and also for another specific design called B’, and wherein a number of
times that design A’ is placed on the wafer is independent of a number of times that
design B’ is placed on the wafer.

Preferably the step of marking includes the step of utilizing a direct write
technique.

10
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times that design A is placed on the wafer is
i ndependent of a nunber of tinmes that design B is

wpb@emdioon the wafer. 30 Preferably the step oPCTHS10051¢39878

includes the step of utilizing a direct wite

techni que. 10 WD 2004/ 061903 PCT/ US2003/ 039878
Preferably the step of placing and routing is done for

a specific design called A and al so for another

speci f{ ' y i Lli.eon, ar
oo R G2l L e A M U B SR Bef R
s b sndalso &rlapother gpecifit dasigracaled B¢.omd avleeein a aflicon aka ratio of

| ogi.c array to nmenory array.,i.n design B . 5 Preferabl
¢ SoBly Bl gy TnEriancs T nESerdiragt e 5 plgonarte
dirdtRCIF 198t biay foafidinbrstatray B ®sRha| Yy al so including the
step-of probing the wafer, wherein the step of

pr obi ngraierably feessterhef marking irdledes fhegitrp afatilisiog adirsptgrrite
A ecﬂﬂig design B'. Preferably also conprising the step

o% pr Blng the wafer, wherein the step of 10 probing
utili z@seferhldy sloendadieg the sepef pmbingshe defer,grheféin dredstep of

desi.gn B.. Preferably also conpri.sing t st ep, of

o PR itiee’ TE P Ralhe Probf «f Rl esian Mol Bren B

uti|i zegeféhisly aRBR oM@ Sihg Ble@RP of probisd thel @k whereid ik step of
design B . Preferab &Y‘ al so conprises the step of

utPrabing ygizes &e seae water probe &xtefidgeien ' and desighBze t he
L9 © Bty b0 cORRREARINE Sdlor PR yaPRRGBR I, Fop of

are pro nmul t aneous y desi
d@sabing Bilizey the paroberfes probk tatestalesiey A’ Bhé desigrsBt. hus

provi ded .i n accordance w th addit.ional, preferred .
Erbod RSty R RETpTe b O OB Br Y S taiomny
agudttrhegtiadlegicatagui t wafer with inproved yield,
conprising the steps of providing a sem conduct or

subst r Brederably thy desien A omd designB’ a9 prahgt sinalieggously.

i ncl udiagﬁr r8b1Raudigh Ab ¥ndh fh £B
sem con u%t o? sulgllét raltle;eS n3§i a?%) mb%cgﬁlghpg%ﬁog?l}"i buti on
| ayer fbereietinsprovisied imgpcatdaheeasith aiditeonal prefeered embodiment of

110s., and further rising.the steps of. testin .
ATt RO e LB RE o dyreiiad pER: Vefpryfth grproved vield,
S pe@pidifg the Siepi 6f: ProvidiBg h ShiGorRIUERY siERtras; fomMBQl Hdrderless
faulty nodul es; and _custom ze the |ogic array

a Ut ravg eBidpisrcR Rty Sraread s, pp thecrediicpnductotesbstrage; and
Sk SRSth0N 8 PRE rddi riblfRl AP st Q8o BF Blo AL, and

| ogic array accordi'ng to placengént an mar Ki ng of

s pasttief camphising)ths steps of: testing and marking modules on the logic array;

placing specific designs on the logic array so as to avoid faulty modules; and

customize the logic array according to placement of specific designs; testing and
marking the specific designs; and dicing the logic array according to placement and
marking of specific designs.

Preferably utilizing a direct write technique to customize the logic array.

Preferably having one or more pads dedicated to testing.

Preferably also including the step of using a probe card to independently test

one or more modules simultaneously.
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Preferably utilizing a direct wite technique to
custom ze the logic array. Preferably having one or

worene/opos dedi cated to testing. Preferably al BOI/US2003/039878

including the step of using a probe card to

I ndependently test 30 one or nore nodul es

si nul taneously. 11 WD 2004/ 061903 PCT/ US2003/ 039878
Preferably one or nore of the pads dedicated to

testi nﬂr 81tle %Ij}ﬁor@ro? 5/ 2B dedi@fedith ?esﬁﬂggﬂg n'o{:’the area I/Os

deS|gns era st one of the a
cﬁmmﬁu$esﬁad&mgﬁlgurable I/ Q Preferably t he

confi 1 copi es,. of

ot put treregely ot g SEEREIE et 0k PR R spap oY

sem cop@egindy (RevhEguriile Ubedonﬁﬁi@wmﬁlﬁple%piée 6f inpiXSoutput,
bet ween at |east one of the input, output, and

prrd preroptput eddls) andarherein e semoaﬁwéor&?vv@é asther, gqmpgises
aE(ﬁﬁe&t{ogs bgﬁjegﬁ:a WIFF&FAD -@tg\in t, Mgo PR Iﬂ@ells and area

present 1 nvention Pe Under st ap reC|ated
nbOepafisitd opnftruptren lea /OO f ol | owi ng detai |l ed

which: TF o 1 B BRSCRIMBN of He PRASENGS fat or® "
mar kedThé prlaseneinvehtnwilljRGhisod arlr_d :gapréélat&i RodIfaNy fiem the

illustration of a repeating core;, Fi is.a draw ng
i fq @w&@qt@kdéﬁscalpv@wﬂ@a i eqmunctltm @ﬂthéh@ drawingg F%Wnﬁ]@

1] USUERL L 8% B 6raRB5F o FEtoFhrkedRilio R PhRELR,

|Ilustr a area pads - solderin

is a dBiga?ls addrawngglludtltaugm obd fepenting cotee area pads;
Fig. 5.is Wi I tration.of. a wafer |evel

bor der FiEs2R ik pet4BbRE L Oul off A% 1

i 11 ust Figt BAns olratvivgillesirasibabes akepuden two
appllcatlons utilizing reticle sharing; 20 Fig. 7 |s
a dr awiggB i3 LREloRe] WhStesfion ofyafteh Padsr SiEBE ks

appl i cp 1{? 9754 detdil Gawhh 1ﬁu§raﬁ5ﬁ$fﬂﬂgafelakﬁ§s“at' on Of a
waf er shared between tthree applicatio Fig. 9Ais a

dr awi nbig p issdmrewitiggHusifation oﬁa wefeelavamonrdﬁxlesa lggic@Bay;s a
drawi n

o or ool 90 1 TPl S W PRt amilcgliong
Cﬂuhﬁn@nﬁbEWhﬂg@,llustratlon of areticle fabric; Fig.
1o I§‘1ga7 ?sr aa glrmagvgng dllllsutrsagucrn? E) a wa ei slgrgdegeltv%e% tfavg t.gl{allol(l:catlons

Fig. 8 is a drawing illustration of a wafer shared between three applications;

Fig. 9A is a drawing illustration of a reticle fabric;

Fig. 9B is a drawing illustration of a reticle fabric;

Fig. 9C is a drawing illustration of a reticle fabric;

Fig. 10A is a drawing illustration of a reticle fabric;

Fig. 10B is a drawing illustration of a reticle fabric;

Fig. 11 is a drawing illustration of a reticle fabric;

Fig. 12 is a drawing illustration of a wafer marked with reticle projections;

Fig. 13 is a drawing illustration of a module;

Fig. 14 is a drawing illustration of a wafer comprise wafer level borderless

logic array covered with Area Pads;
12
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Fig. 11 is a drawing illustration of a reticle fabric;
Fig. 12 is a drawing illustration of a wafer narked

wWowah/06wd3 cl e projections; Fig. 13 is a draw POQI/US2003/039878

illustration of a nodule; 30 Fig. 14 is a draw ng
illustration of a wafer conprise wafer |evel
borderless logic array covered with Area Pads; 12 WO
2004/ 061903 PCT/ US2003/ 039878 Fig. 15 is a draw ng
il ust 0 .

Fio. - 160 15T il SEhER SEM: S ANe Sbp Sl

/O FFig 14% ddrawnxgrlnwmaQOm of wis tusadrhiaablel/Oyi a

custo elOcusomzed s i nput 18 i.s a
dr awi %la |Jr’ @awgﬁ Biragenoyias %ﬁlﬂ%b%/colstomed as input;

cust onFzLdg asa @bkRglillustratibh 8f vid Quét&nﬁaﬂléw/@t’&us%hﬁﬂd% output;
illTustration of via custom zable 1/0; Fig. 20 is a

| ayout Figr é%smglayqqt derving ﬂblﬁtraifona)f S’rﬁmuﬁtog)é@bledl‘p,of vi a
custo r

of ve;nf; ongs atl%{éo(%gs g ﬁﬂlsﬂreﬁloﬁ o? %Hfaﬁg oh?fgira?rugc%mhzgable
i Mystration of a conf|gurable buffer structure; 10

Fig.2.i a drawi ng,.il|l rati on of

'scr an‘g}geﬁbb%?&ra‘ﬁ%qu‘égﬁraf %ta ﬁ&af?lfsl‘{)’g’? #&¥Fon of
" scr ample o drhwingUthistaish offd Q)n?i%uﬂaﬁle%u%@%i’lﬁﬁne
illustration of "scranble box: |ayout for 24 I'i nés.

Fig. 26ig 33 i arrawingd!lusietien pla simpleohepaible hok;”

cust o @Eﬁﬁédrg%ngeﬂ?s}%ﬁ %cfafn% e J%)Hé%g@“ on of

pai r custom om ze
outp ut FigBhiga d%vmg 11hls’nﬂa:tmm 011‘ ¢sdrarhbis tbbﬁtlamt €fr 2@dines. of

custo Ocus ed as. inhputs i 29 is a

i i G PP G Ry TS of s et GEriomiza IS | 0

cust onFged7 &S driivinken@ibiion of Wﬁustg&zﬁblg I/@Qas'to?m@ed as two
drawi ng 1llustration of pair of custom zable

cQ8PBH’ zed as differential outputs Fig. 31 |s a

drawi ng; ge %é iﬁsatc{r% rﬂh%ftraﬂgi ¢ &%Erpog#ﬁétgéﬂgzaﬁggﬁ)l él{sagnﬁzed as

custom erent|
dirpwisng |IIustrat|on of pair of custom zable 1/0 floor

\F/)v:ﬂ?(r:]h E]E%Tg}? %saed}g‘gljll}éllﬁbf‘grﬁ orh? Iolf %ﬁétcr)l%}zlaglg customlfzée as

differential inputs;

Fig. 30 is a drawing illustration of pair of customizable I/O customized as
differential outputs

Fig. 31 is a drawing illustration of pair of customizable I/O customized as
differential output.

Fig. 32 is a drawing illustration of pair of customizable I/O floor plan;

Fig. 33 is a drawing illustration of a wafer which comprise continuous array
structure by tiling a module;

Fig. 34 is a drawing illustration of a wafer with top metal defining a die size
of 3x3 modules;

Fig. 35 is a drawing illustration of a wafer with top metal defining a die size
of 2x2 modules;

Fig. 36 is a drawing illustration of a repeating module;

13
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structure by tiling a nodule; Fig. 34 is a draw ng
illustration of a wafer with top netal defining a die

W@ 2ma/061903 3x3 nodul es; Fig. 35 is a drawing  PCT/US2003/039878

illustration of a wafer with top netal defining a die
size 30 of 2x2 nodules; Fig. 36 is a draw ng
illustration of a repeating nodule; 13 WO 2004/061903
PCT/ US2003/ 039878 Fig. 37 is a drawing illustration
of ar

D1 ust R olhqgfmggﬁégtﬁ% Oﬁsfd%el%“ﬁlg %ﬁme 39 is a

dr awi nBigi 39 isstdrawing uilusfraiammfeud‘epaaﬁng modu]te; t. DETAI LED

DESCRI PTI OF, PREFE VB NTS 5 The present
i nventi'§ ng\I EP?I%{‘?QB \R}ODﬂre YErFURYE to Figs
1-39, i tDBnmmED BRESCROVEDBIOF PREFERRHD BMBODIMENTS
illustrate the subjects nmatter not to scale or to

rre asur €he pr«rwet BUPHIORtS ARY ﬁ@'?&flb?d withiefersanedp diegs 1 39 it being
ré&ﬁéd fﬁ ﬁgﬁ‘reé ilh.\%ﬁ’&@ aft‘tgf o‘%%&aiea&% meﬂﬁ?e.

nat | ng tec n| ibm cron process
is cal Thﬂjamteapme&n@ of @pamndudtbefabaymon faert kthngraphyt stépefor

WE%?Y}’E@,GBL@’ giﬂ %8%@1}1&%#1’& geg cI e uch ret i cI e aﬂl}g 1 step

t B@l depéad OXheapRy phtesh wildb edwatisp ﬂ@efsk aIEB @ﬁllddh@tl& %@E Eetlcle
steps the wafer so the reticle would be pro ectin

SR be pryectadpvenaieaohrbent 2nmex 29mm by thedithegyephy 001 called
fgfe ﬁ? ﬂéﬁ théSﬂeH)éf%fe %{H:é%v Vgaftﬁéreﬁcl\é\”v%md rgj%ct'llé tﬁéaame

proj ections 8- 1nch wa
c pgitees om; fired hextitettiand eo 01w| iahd scbﬁ)rlhyﬁlgc alillustrateeppeter 8rwith

Sg’]%ﬂ% f %%ﬁergr@égtlogg aﬁ\% Iro%]veei esi;gss otI tﬂe reticle
cailllsaq@icwﬁtewedtoﬁdnssmveafaeam Such coul d be done,
for exanple, wth _direct-wite e-Beam - Leica ZBA32

of f er e@h%meet Jélaewoerss&gfgis dhsuseiof pgwich sy conappgmlitheogeaphy
Gf‘ercﬁﬂ e é)a!ileclf aitdct-vafil GEiR ? dg@dﬁtc%ﬁfd be‘]d%ﬁél Yor exam tple with

Direct-wite e-Beam a irect witing any patt
atlireptywrite c-dchmn- losier ZIBAS2 mﬁ‘éred by \thch Mlt:rosywemﬂsblﬂnfgr@hy

2 ' K,

o SR Bk Ot e 37 e B i d el iy oo

t bleovl/mﬁet:hmti@mﬁpaﬁﬂﬂx dt ARy loatidncatet BB vafferswiihoud hedise of a
cost. The current | nvention suggest s t he

Qam%{n? éqecfr%me@r@a%é AR} W r epmmerpigl iGhrieation of
p%ﬁb&i’&u@ﬂcor 088 dat Bo@ @ﬂoﬁé}fﬁmyéﬁi e 1 lf gfﬂ#n o s‘uh? Fona single

e-Beam for the custom Ilayers. A very
t wiafer pett W duirentriaventign su@eﬂaﬂlelcnmbmaam b@freteﬂSt@hmqse for

oﬁleygenenc portion of logic array and the use of direct-write e-Beam for the custom

layers. A very good fit with this method is the logic array invented by eASIC, as only
it provides a logic array that could be customized with single via layer. Via layer can
be written much faster than metal layer with direct-write e-Beam and would make
such combination method commercially viable.

Such direct-write e-Beam fabrication method are highly attractive for custom
designs as previously described. Since single wafer may have room for hundreds of
devices, the current invention seeks to allow multiple designs to be placed on one
wafer and further, to allow each of these designs to be of different size and, even
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25 it provides a logic array that could be custom zed
wth single via layer. Via |layer can be witten nuch

wo 2wte6199han netal layer with direct-wite e-Beeiusand3/039878

woul d make such conbi nati on nethod conmercially
vi abl e. Such direct-wite e-Beam fabrication nethod
are highly attractive for custom designs as
pr evi ously descri bed. Since si ngI e waf er rray have room
ndr [ NEL 9N
h@# to al?%f %&ffeg&\é qg:?nstftlas gfe s[u(t‘ffiI gés?%*s ona Os%l %téer, to
\A@i@brta;ndmé Wafd'll eliic fabrdcasibh ane af bothfprdtbigpe velasiegfos sbife
be of di fferglgitg si ze_and, g 14 WO 2004/ 061903
n‘f%‘i‘?‘?"f’eff’ro % deFiEBY pl aci ng di f f erent
q u ant | R dﬁfectsdv'ﬁtté eAESnIR o cSinftidh fetR{RE, aotﬁé? dlrect-wnte
support on one wafer the fabrication needs of
p hthogtapbje condd berbsedf Ardasspmask wetsisysiean hkepSlgn]@ﬁ@aQ @pmo n
v t [ Wiile direct-wite e-Beam
i&?rﬁgl% g{db%lﬁ&{lﬁ f% gmus%%e other direct-wite 5
ith ogwh@hmemohivelnthm sug@ts aAnehmdﬁtenmﬁdmﬁ/]b git array. Sthéywew

I

Iik.Si 7000 from M. croni d he nodified for
@g@lengﬁggm%mﬂh A O PR )%EIM of ajea Rads-

a"[ﬁa‘efo%:ft PESids al cOffifuoRs FBYic inkttad oMW mARLcs E‘l'léeea‘f‘) btdash. Such

blends logic array with array of area 1/ 0O and ray of

aifaévaw saeld conmphisy effagepeating pirusiure e sepaateErAOr11@8 uﬁslllﬁ%tmﬁdan Fig.
5{”1? arg é)aftmé %gre Sc%ﬁ‘lr r1§4sl aCeBt c?tpaE’ ?6 a1§c'1' fh@n} %’? | 54 which
c sul'd ¢ AP

se O eeat ngs ruc ure -
(of):¢ cﬁnstﬁﬁ:tddﬁ'rdrh httsy 61?9&@&18 2P, THegirea IR mblde rcemmbteﬂgwm(lhﬁk

0 a set of area 1/ 26andthenI0|ca
2 B TRl SR EbrBle s Bieheroltags cpprriaBaaiate Hss Wi (B0
aeRmeh! éatmé/thb Qe w8 SHHild Sheld gidiat By bl e uSith #8n bRidBkd G¥rate

themto operate at hi gher voI tage appropriate to
i Atlewrvediageotrpduch @owel eomsteptivntanil gow highgendrfamangsi and

{
B 00 i 08 Lo 5 Gy iy
a[[/DosnIc]n agRSD pmlecftmnrmd tchaudprofeatidi. Mhe dmsﬂ(l yould be

Gt b 0 R e Sim D RuEe i R L o

p nas%@cifsem ouértbﬁn@rtﬁealog{co'rﬁ@wey /0 ouliOnlLge i ﬁne’lt{og like
that could be custom zed to the specific function

t Hub sk oviput fagedipss. Jhegover seply éhihe eorer’s and e the a O 26
0
384 SO LU0 Ll LR D15, bt
amettlt:ai stibe2 boEgpicAlOC28. FigalA dluseatssipltimelalflayems ddvice. M1 25
e S 55 B0 s Ol S S 0
i hdy@ﬁMS@Gﬁhi@ﬂ hhe 5[?1‘1 InetaR SESMERY 8 CEhe dilb112Buctl® 1§such that
i

short nane for the rst netal |layer called Metal
ahdll t9dVi3 arerused; foritle qometrucgipn pthgeCell’s internal circuit while M4 to M7

are used to construct the interconnection fabric for the interconnection between

various eCells. As described before to customize the fabric of eCells 28 only single
via layer need to be custom made — via 6 23, the via layer between M5 and M6 .

Fig. 3 is a drawing and pictorial illustration éf the area pads. Fig. 3Ais a
vertical cut drawing showing one area pad and the associated bump 30, and the layers
underneath it including a thick layer 32 sometimes called redistribution layers and the
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| ayer MB 29 which is the eights netal |ayer Metal 8.
The eCell structure is such that 25 ML to M3 are used

wWo o004060xonst ructi on of the eCell's internal PCT/USL003/039878
while MM to M7 are used to construct the
i nterconnection fabric for the interconnecti on between
various eCells. As described before to custom ze the
fabric of eCells 28 only single via layer need to be
C
Ngﬁ&egf}‘mnqgﬁ ers such E/Ie%ai 1 § h%le 41 ?t%?élﬁglMg? %@gﬁig gf
t b&tcﬁ’fa@ af mtﬂ@n oﬂ-_th@top %&fa@ od aﬁ@vme a¢dondihg ththe drmamt Ingention,

sho ne are ad nd th ass ci at
tmtmw@ﬁgr UK Per éBF nghe Pé%ghflézﬁ)} ‘ﬁgg

stelon @4 af 83k g&ds' aQHtsbIﬁﬁle sPE&1or s@d]fbtﬁﬁif% T&ﬁa%ze
2004/ 903 PCT/ US2003/ 039878 " underlying | ayers such

aﬁlewnaier of s poviares, itds Ganmeritondece] thetax:espadsu@ a repmlar grray as
pi t f the.t r

= 8%%) l?egé 11%olf<'1gt5$e (llo%gqul ?tiy 1? %/Se]'{r%l? H) ﬁa@ggt m@tafjﬁ%%r%r pads
arefdas;nlmjtloamallpwdaseal pads placdnenie bh‘mmpmaens &omFar@. I/ad is

a %gtal led drawing illustration of an area pads and

sBAFPE Y] zes for such bunps. To naxinize 5 the nunber

of pad$hiR8hveati®Rsuggbstd §fa%ﬁ%P£‘rép@atﬁJg%?e \tvﬁh@h ﬁfcﬁﬂe RAAS area
in a regl.” ar array as can be séen in g

oé(ﬁ)s exgdiaie pydsi The inimumsizetod skrceTavodd AL singly anea pads
d
3 28R b S U 0ol RIS 563 i

| a\mahduo lmmggésmm im0 .4 Alticron pfocasst & peaild bgquitepessible ah

i ncl ude 10 I/ Q and are

it 1 2 i pp R ponta ot fhars D OsyifE o Tiling guch
P& to kpdsas BAwakdt WIDSlo® %Sfﬁﬁlc&)ﬂb%f&ﬁéss%%g aﬁQ}F 8f avetH 2 x 40
be nore practical. The core 28 of bout 1mm

x COres 28in en¢ Teticls Ihihe penurasy of decstepper lwbmhcﬁnb@hq itivrald be

p

T T -
c oase it mappEgnirasdmdwhatlefedensed llﬂhogiaplw/pm:hffalbm ﬁouﬁhg structures,

ofustiny frepang forops et bt e wales ferppariaesnmghe "
e prRvides ht highedtlieheber ﬂe@(ﬂﬁl‘ft?'aﬁ@Wa%r uRBLatiol FIBAIVERLSS %% the

fabric could be extended to wafer level. In such

c 8% of deserptions is fplowsadalrtied qieég@ptw@mf dhe additiogelapfprred
Pl Baibfhslot Brid AVEA oSG b Sovel bABIALWARPANY! R 5is o

across retic undar1 es. eve
f diawiing iljustnatiod@f a lvefdrisQ lkemprisiey of wafer feveddiobderlietsylogio drray of
fectiveness. For the 20 ease of

waf er util.ization
déglﬁmuﬁllﬁf&ﬂlgqfﬁgreﬁg 1 owi ng detailed description of the

addi t i gRateddtiuibh @Fer ﬁ?a@lﬁd) BRRbSstéh 14yl $t doﬂ}@tﬁ&ﬂe&@e be
assunmes wafer |evel borderless logic array. Fig.

a cusipraWevigneadto adistaute e gread/Quier the eday radwird spesific des1gn and
WS role@YIBl A gﬁfdn?&«%lénqg & pg({kragé/d 19sf1ng conventional bonding rather

than Flip-chip. Fig. 3C illustrates the use of redistribution layer 32 to connect area I/O

36 to edge pads 34 so wire bonding could be used. The redistribution layer may also
redistribute the area I/O so area-array wire bonding could be used.
Fig. 6 is a drawing illustration of a wafer shared between two designs utilizing
reticle sharing. Fig. 6 illustrates the existing art of reticle sharing wherein one reticle
16
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continuous tiling of cores 52. The redistribution
| ayer may al so be a customlayer. It could therefore

Wheo0266100st om desi gned to redistribute the ar eBCTWUS2008039878

the edge pads in a specific design and therefore

al  ow such custom desi gn to be packaged using
conventional bonding rather than Flip-chip. Fig. 3C
illustrates the use of redistribution layer 32 to

c rea . . i i .
B e e S
r adirge porkion ef thh ectimleg and d€Signd ’drdethatas staallenandcdubdbié plgeed two

cauld be.used.. 30 Fig.. 6 i dr awi il ] ustration .
~ st i B Biiceridodie st F riclaf hi Ped Desien
S %@Fﬁ:ﬂ%@-arﬁngr_-ke@ by hlaH&tg3aina@$6tahe deskdrsi 1 digedire nitfrked by marks
reticle sharing wherein one reticle 16 WO 2004/ 06]?’903
PEY/9s@d®3/ 039878 may i ncl ude design A 62 which is

pl acedyagp : : ' r d ' .

Far go. BanEntibitly REuil B 1 ANALAR Rler 2 6 ERAHRHER Litheraphy
s aad fodlowampbroaess o dlewpbrepe didingof the wefer.\uch narkihg would be

reticle together.with.desi,gn A .the reticle is .

¢ Bt Joff 31 R OF ygg eighe toun® Ehg i apdbrier o &f Giphiapdessing
6 BtepSlich bnaakid isOibt BsuaBld g@mirdd orNEHiK SilayPih 8 iteSm i
65,6966 cand 67?#? S(krgfn'ﬁ)éh_tuabcseigh| ghl rggggi ra%}f)z to hav%t_er shice
t Heesarapgrsior enpcifigmumay sizacng ywherq %@ Beunsasy paghdogether with the
f i ; . . i Gl fer.
LSRR RIS LS RAOURE B el ey

cl ose {tos tlha thapoheptona nawv dicingrwaudd bépropanior dicing the wafer

P SREN e, it o Y ol s PR A E kiR et i il ger
aktags@adpirat tsP@el didscofaesigy BSi ze, and where the

boundaf[snyl pads, together wth the space between -

devi cedhe ket nveRtionprovidesiheabilirte sigp eachglesign indepengeatly
ol ol ‘ y _ B¢

Dt b el et P in B AR € he Wil Mok
peoontinuots hneswlacdée sttong liatptioson theablldy tveshheefdne faafer with
di cing_ at | ater. .stage to separate the two dies_ . of
qeSftle Bedqustinle sThERre MisBERA B hSestt chells ek
alfibrichiyd herosdideiostBe burftds inynticdd ERRN AR !iY beidd BevieRpell ¥nd
di fferent designs on Si Constraining dicing

I fer.
alPgRgd Y ey @ﬂppawmﬁ@ﬁ li%ﬁéﬂgdﬁ by &dsco agppighen Tokyo,
iy ;lfﬂah,a&ﬂd%ulﬁaicte %d@gk E\fah?f\tf fOLP Gﬁi@n g&ewfl\fé(w M

mul'ti pl e-sized desig I's therefore-suggeste h%rg'
uhbinngpashe tickiof thef wafermasebereqhisdsrsodaserdicagoorudd alipve for a full
thetrc%l{a{ nt u| p\éegti on. Laser dicing is being devel oped
afd of fof'8 TEew conmpani es such as DFL7160 nade
by Di s&parfottiepembbditRnilstitocurredtip@éhtion v TekiBicoRarB®dh@ring
by NanoVi a P of Londonderry, New Hanpshire.

1s suggested. Such wafer sharing provides much hlgherrH%mblhty than reticle sharing.

(®@1®,

Fig. 7 is a drawing illustration of a wafer shared between two applications taking
advantage of the borderless array, together with the use of direct-write for wafer level
lithography. It is therefore possible to mix different designs at various quantities on
such wafer. Fig. 7 illustrates design 72 placed for prototype stage, while another
design 74 is placed many more times. Unlike the case with reticle sharing, the
locations and the number of times one design is placed on a wafer has little bearing
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Thi nni ng the back of the wafer may be required so
| aser dicing would allow for a full cut rather than

WO e®t/061903 bi ng. | n anot her enbodi ment of the cRCT/ES1003/039878

invention, a very flexible wafer sharing 25 is
suggested. Such wafer sharing provides nmuch higher
flexibility than reticle sharing. Fig. 7 is a draw ng
illustration of a wafer shared between two

PR ATl 25, PiborIRLADRAAE A o IR AR B2 oenion on

| eéheewafed intwhiglr apehiesigh is placetihis irefepereleptas shebeation ofiithe wafer in

R A N L pae
PHREL& MREcatiba epead\&dvaﬁ_eﬁ b3S e de3EnIRRiidpbitahily, edf@tber of
many nore tinmes. Unlike the case with reticle sharing,

t kigies prredasignris Piasedl is indepenssetito gie nunbss olfirmesiibe pther design is

pg%%(g on a wafer has little bearing 17 W
2 61903 PCT/ US2003/ 039878 on the other design. An

i mpor t Bigt 8 adlydnatvarpeilloftratibn sf a wafen 80 smredsbdtivedn thive

| ocation oq .th fer in which one design is placed,

| S8t Bevien 2 PR ter len e wRERE iR resei Brigd evel.
aTREIGASH SRSIAHAvE Senb bATRStond bik8inell Adthetn B i9O¥ArQH4 the location
limtation that it can not be ©placed in |ocation

aPRe HgpumbRrieef sEgs for design & arg éndependenionghosepd desgn 83 In
 A0TRS o p3pLES: 05 AL BT SRl om o
pkedgeedf thd=wgfer 80 tostha othemedigagDict linest 88ata mn fio ava disafgebut @Sther

shar ed .bet ween .t hree.. .appli cations. .Design 82 has

¢ R giest b AERbIe s Sorighch sUoteds LEE 8! of o ype

| evel . Mab9$dG18rBA abdmibwBbiiétaid ofie Mebriefwitto&Riliti BB unctional
as&gned tothem It is clear that the |location 10 and

t Rlockuinsh as Bemery bleckspprogessers ar swcigh dempnie e Beht Typically the
t ! | Ffl oo _
BBl e oL il oL AP s e

ohagic gdyelngentchbembédeled 8@ntovies dre cotshrarcted dge sméll eeay of

lin 88.do not .fi w dicing,. but rather. .require

¢ R Rephy bt o TR b g et e Eerait Sl e
dinGiniigy ook hudiiet oEPLLIAYE] S BrthANisQinlifdrbatehd dilénge to select
fabric with additional functional 15 bl ocks such as

merdight Bragiekelice sprpmation sings designs with sindsramoynys; gf dogic may

P : ' t menory takes the second

I argeg%wﬂmf%%%t%?ou?ﬁe@%n%gtﬁ)g% slice area after the

| ogi ¢ &ryehynother egehodmadnt efiibe duleeht meventiore sheanoatinuous logic array
constructed. a smal | array of confj.gurabl e nmenor

o abRieds coniaise el s Rofhmuo o ou il ConfipuquR mefsi prvef of small
MafeRioyy BloclE) Iiehdiefsieiovopostible thmd specifie ﬂésﬁ'%]n Wil beSpl@ded on a

i ncreasing challenge to select 20 the ri

. t .
ma&HHER 05 FYCR CORBHBPHEPTiBIzed fhbaye gsadtiyihe drsirnd amamt af ogic
agRYHe AeQfed 2Hufit SFYemory.

Fig. 9 is a drawing illustration of a reticle 90 fabric comprising of continuous

logic array 92 and memory array 94. Fig. 9A illustrates a custom design placed on
such terrain as marked by the rectangle 96 to have no memory. Fig. 9B illustrates a
custom design placed on such terrain as marked by the rectangle 97 to have some

memory. Fig. 9C illustrates a custom design placed on such terrain as marked by the
18
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require very different amounts of nmenory. In yet
anot her enbodi nent of the current invention, the

waeomtioeneazls | ogic array fabric is conprised OPCHUS2003/039878

continuous logic array and conti nuous nenory array of
small  nmenory blocks. It therefore now possible that a
specific design will be placed on a 25 section of such
cont i nuous fabric sized to have exactly the desired

af&&ﬂgle%% t!) ?1 e a srgﬁfjaqtl%‘g gﬁ% gic 2 ol;f‘ﬁgmjre_céc?)lec n%%&y Fig. 10A

f abar drﬁwﬁtgﬁﬂﬁstﬁtlﬂlg of)ef reticle tfabr¢aws wheougn theamenayry S2radntiod is

menor arra Fi illustrates a. custom desi

pFlé‘tE’ %mo"nSta é%mf"éﬂe? aﬁlﬁ% iffustrates ) suqhestaicase g e g@%ﬁ
ohﬁtégamghepménbf ﬂ%mmt%nhIéga%&srt@uﬁsanﬁ)uﬁ%ﬁﬁ&h&@blended

deS| g}r; pl aced on such terrain as marked

r s4e thegbwargplar snanlbives efdhecusipsndgsign. Fi g. 9C | I I ustrates

e 150 b8 BEGaRt- BLraHED Bl s B by Rne

t makiesvte caves nmdnly varintionk obprodagifsbrienovith the abiity m&hlldmhen@ght

menory. Fig. 1 L adraW| il i.on_of

"t orioss Witk Shog i et of Remoehahy ARUHO ACeBlise & th
S B@RBto e Bnlef RATE nTERE R BExible Hix of Q@stbﬁﬂpﬁ?&uﬁ@t ﬁﬁs usually
that "such staircase arrangenent provides

| bighly desirghlesa wilize the siliaon areega etiectivelytas @omﬂﬂ@; et @ifmay often

RIS S0, 0 05 PO B 03 L b

t Hesigh iHei tﬂmgtecﬁﬁmmyommrﬁ;ﬁbmméd g€henumber miﬁdé(\&cds @noay eafer

many, vari tlosof ct fabrics, abi | i )

ROt i Reane ol oS R e SrialE R siePhed oy f e Tafegn{Phigh
akBlufie p@cﬁdtﬁﬁﬂi@fs}fequ-ﬂéﬂ ﬂ%@hﬁtbﬁ%sk@@&ﬁ@%@%mbﬁed 8fvolume
ability to use one wafer run to nmake a flexible m x of

c BEdBegsrwRIle be donaatimpxisupa siligon wtiligagieny desirable to

til I I
128 9 21 b 8RR PLLGRIY MOl A5 PRRR Bl
otdditgn © mgI offbrpixr ﬁabnm cctﬂ'nlmsaeaizﬂitdﬁnahﬁmpﬁﬁmaf Togic efkasangyiike
the tili ef fi C rom sed. e._nu
yateter BRoG2eLBoTa s fel Bt Faxal O Bl TE oo
t iIMRGatidiofMaelifed B0iharkéERITE ebtioMel1 0t eMRhE Fig. 1D ilhhs@iftes the
vol unme production is required then custom masks coul d

basq efiihe wafer tprgin W@Wﬁ@“ﬁ@e?}ﬁé desgn biP pdndledenieramiefiom four
fftjs TT At ic(l) rﬁ‘gﬁc%ﬂs 1l21 atfblﬁ%l%dé%#)rsé ﬂ’ll aspo?tla{ @fvﬂl? ﬁla{nolrsharray

| areticle ogic array
adI@I& tByopropex mcmgya macﬂﬁo gescgrf mdmthewamrltm atdel podsibiado

gﬁgt%tmlf% ael 59 % Ig;oxélfl? gglfﬁ@?%gg BP elirgliliﬁg rzmlo%l% generic
diFicNg |Ilustrat| on of a wafer 120 marked with

reticl e 110 gqu ections. Fig. 12 illustrates the
The construction of borderless logic array according to the current invention

should include consideration for wafer dicing. The common way is to draw a scribe

line indicating were the wafer should be scribed, to allow the dicing of the wafer into

many individual dies. Typically a laser scribe can cut a 50 microns wide width, but it

may be preferred to plan for scribing width between 75 to 100 microns wide.

Preferably the continuous array is constructed as array of modules. A preferred

module is rectangular with each side sized between 0.5 to 2 mm. A module could be
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20 use of the wafer terrain to carve out specific
design 129 to include elenents fromfour different

WO 2G040610Pr oj ections 124 - four processors- W PEI/ES2003/039878

portion of the menory array 128. By proper placing a
specific design 129 on the wafer terrain, it is
possible to optimze the silicon area and yet provide
a different mx of elenments fromone generic fabric.

2 ' J ' .
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i dicg g theawalpl, pewiih thegrronst st logicpiestedicsiith mese avpa Padsihan

dgﬁjbgé"&ith%inobe@ar&s a drawing illustration of a wafer
conprised of wafer |evel borderless |ogic array

cover edheurtenpinerentfeads notTingitgdad protifcta thed cahbiné gensit dayers

is.uniformandy, s inde dent, of .the specific, desi

St e B AR SR o abhaRRRE A SR
poesleiidse FPG AWt ¢idd thah BEiRediodi6videffiny Bptddns @Wgate count
testil ngl%of the wafer by stepping over it. Under proper
s 804 Narlemematy 7e fioma ppgpase pragk&t: Card coul d be used to

test amypofiemiseds 8 chientifiod o yRIdA V&Y 1atge ddvideS Very large

al so
devices are subject to very low yield, which make them economically unviable.

Under the current invention yield can be improved if the following procedure is
applied:
(1) Test the substrate layers prior to the custom masks. This implies that each
module is independently tested. To do this there need to be pads dedicated to
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contenplated that a single Probe Card nmay be used to
sinmul taneously test nultiple 20 dies on the wafer, or

wowRaoh/o6tee3 proper test logic, test a die wth nPCEUS2003039878

pads than probes on the Probe Card. The current
invention is not limted to products that conbine
generic layers wth customlayers. Rather it could be
use to build a borderless FPGA product. A borderless

FPGA wafed fuﬁ&wngéﬁ(gg%cg,les(g%tﬁl,egcahg)ueraﬁ& teEcIRRBY pRftfe! ONS

of gate count menory 'si ze from one base
mask- stethnologytdxests togeotsfpatihas sounallras 20X hmamensomith sirtimal

yi el d very. | arge devi.ce. Very.|arge..deyi.ces are

2 ubj ectuaeyBPYET S Aigimeqi iRl HGhRbLY Reed 16 be
econoningeprdtyd ey é:a&ing. standidProdee current invention
yield can be jnproved if the foll ow na, procedure is

appl i e® Haceths speeific depign soipstoraxeid pul{esubstrte ellsy dhishe
custo LByl j i .

i ndep g}neggﬁ%%ﬁdysrig gglfpelgm%ﬁgg b?ﬁf’ é t %rtggplg% E]‘ geet %ﬁB% avp? zlal 8%13
dedi cawef$r txsa gh@n Vi® QOGAdEIG08s PCIiE4US200BIRBE8. 7 Bresumably

som. HBEL0hebl S8 2 e RSO B0 A

smal | awtot@xddaftti@sons with mnimal damage, though
speci al__alignnment_ equi pnment will probably need to be
i nt egr &) eldicP Heovalky accpidiredt-andar d Probers. 5 (2) Place

the s p?ﬁrﬁééﬂﬁﬂg g)irs_géi‘n sitbu &Qd@?i%ié?icglﬁ id1y i Sehék Syer

cel |l s. requires a specil a acerrent ogram to
mekieting technégres.uB euglf anilysis auggebta tat previedtimg aad dpnagiiv @lacement

t he ..qut st andi orders of .dies to nuf.acture. . .
pPLAR RS AP cehEd e G sre: RN GraicGi dfe paiciontty
dinidciangd dftdie sifestaneregdiagd Relplodictivne MickholdsdrBe\oted that, as
patterns, 10 (3) Dice the wafer accordingl

r

_ Di \ . The _
Sdtly the efgerdeemgtpes RRavedlagendiey har pyphias @%%/wpﬁhémmble with

| R, Er t‘%&lﬁfolog?)iﬁoﬁfdi Padrd KB RUES caBIHIBesBRRILIS

suggests ‘that pre-testing and dynam c pl acenment
deehapegment issirecisglne revenue per wafer over conventional

t echni gue i.f a sufficientl w.de range, of. die. sizes
are redit puerssheiiiceg RO Yoo need rydedfin ot or
t iy nodcoidddenvith tHeheeaoiaddess sheahrin Guas 3abtiealsd as¥ehplated
dies than such as,  are. currentl )L{h possible with

e fhepglstaspisen Pricring BEyavstierame cpribgiitian regdlessaf the
CaRR of MR S&ich ARE the bk cafMAMEEETuted (& Sirtfl@heously probe

any combinations of modules at a time.

In another embodiment, test, power, ground and clock logic may be tied
together at the wafer level, such that a single probe of the wafer is sufficient to test all
of the modules within the wafer. Subsequent customization and scribing then isolates
the power, ground, test and clock logic to specific modules and dies, to reduce the
need for special pads, and pre-customization test time.

Fig. 15 is a drawing illustration of via layer customizable routing structure
150. In some fabrication processes a via layer might have reduced yield. A variation
of the structure 150, that uses double via for the continuation bridges 154 instead of
single via 152, could be an effective solution. Via customizable routing fabric
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It is further contenpl ated that the dedicated pads
needed for testing may or nmay not coincide with the

w@ae@a/opods as shown in figure 3c. It is also PCT/US2003/039878

contenplated 20 that the pads necessary for testing
may have the same configuration regardl ess of the type
of nodul e, such that the probe card may be confi gured
to simultaneously probe any conbinations of nodul es

Sheates 8 1o B FAE SRR Bl B st hisco R Mo o Wtiing

| @n bridpes THeteddre drid gesghel@inhdoubie titearaad effedtive solution. It

syffjcient to test all 25 of the nodules wthin th
oirould becminsed et dGuale e Puidies I HBRCASh by dr g i uitber
| glabeslablRSoPRWBARg. 9round, test and clock logic to
specific nodules and dies, to reduce the need for

speci afn phgrsativernglutioe could be pinpleypd o telimerroductipy. gt suggests
| Bafh %&WOH % thle lCH&&I&lg?ﬁ)d 191?@9{113 Wv@%ﬂe%)f ngﬁ%ﬁﬁﬂ'ﬂsg @lgltd?n mask
routing structure . 1n’Ssone tabrication processes
athwi @nheyt dlie sepmbmts a%,d 56 edihdhelsapneahetal layardSbat i on 30

of the_structure 150, t uses. double via for the

cont 1 i RHmRDADen pes Bpned T crnecGheh Refug b be
CaHpIdyRE FeNeRipRE bisyRwe rstitineRan Mspect tlcabmatkien and replace
routing fabric 21 WD 2004/ 061903 PCT/ US2003/ 039878

i pror sugle giatvith ydaubly vigwheremopsillei Hlavingymosieof theneitems in an

S, 5 P B L U5y o

efikkodnhmecesehtst It trpossible ts keppltohck of pieldibssdn praduttivat of specific.

C Perones iy B Pahe e B o Koy TGS et 2ot thn be
S Rivitiied TorCbd dnihcemBhOYIRDyiElE enN -l BNt REAAHESIVOEhankihg the

suggests that in addition to the customvia |ayer,
t laowhes thesgenpri¢ logisrasray gud therpdiere sepdacing semof thgggneric masks.

conne Cflig%ik% SRHTR thade!d Fios 1821 Mahd ék %ic?lalﬁ‘ﬁsu%‘e% %laother
| ayer O VOl e pr&gucfldn addi t1onal yie
e piederced reenbiodineamb of el eurcand inyettgon. Ehpdedigacks ilFstraexwaaypl e,

etz BRIUO MteBE R B o RGP e RSBt PR SRR p b
PRESithl BdvahiRgtdig taBshy Gerd th GaRall&:Ebilisy dMhaNOOHARYrAtIin
wth a highly repetitive structure nmake it very ., - .
f pdditien tp haping sty At theogiyills dhedmprase ofidvt Wventionjtq utilize
pﬁﬁsshl?xl% ?I’Jstt&glfﬁa%fg td &{i‘lﬁlgl&fboﬂ‘i b goﬂegégcic bl e P ‘Fﬁé 98 ilffstrates

speci esi gns utilize thesanme logic array
f alsimpde viarppnfigirbble & OnrEdhwhérs mcoolgl 162 toleerks the potentidl aisedFew

for yield enhancenent.. The.yi el d enhancenent . na

| NP PP TR0 AR e YR A Bpoep e R pich BF Y1 ¢4 to the
akfosding Ak, })Mél@lﬁl@ﬁlﬁdérﬁwt}ﬁ%m 15016 168. Dikferegefypés of I/Os could
masks. Reference is now made to Figs 16, 17, and 18

whe eonsipeted by sglecding soyme af the potential vias. Fig, 17 presents a

configuration of the configurable I/O of Fig. 16 as an input cell 170. The selected vias

are marked by black filled circle 172. Fig. 18 presents an alternative configuration as
output cell 180.

Fig. 19 is a layout drawing illustration of via customizable I/O 190. The I/O
comprises the main elements pads 192, high drive I/0 section 194 and the I/O logic
section 196 comprising the pre-driver circuits.
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preferred enbodi nent of the current invention. These
figures illustrate via- configurable 1/O Preferably

wao be4a6we3 UO of the borderless logic array i s PCT/US2003/039878

configurable UQO It is advantageous to nany users to
have flexibility of the 1/O configuration, in 20
addition to having flexibility of the logic. It is the
purpose of this invention to utilize the sane custom
mask t . j ' : /

Fro. 18 PP SR a Hibsfalch JraRkan Aol A ale
160stomizeble IO, dliustrhtenglHimmper RG2 witle apadtivated aia 204amd amew

vias are.arranged to connect a |ine used as a junper,
aﬁg‘l‘ﬁg V@[?éh as J4 164 to the crossing |ine,

pr ef er abhnotihen epbodaieht 16 tndbelbmpPbedldiBnaniihtR 18R output 165
types of I/0Os could 25 be constructed by selecting

s @RBregiriven 86 Joeslls sichahatymess I/Ortypes cogldhesansimsted by

;ARG E NP0 o BT e e Al ond ARl

f betwesen cellsdbevid pogramngingl B ipfuethemdoateapladd thatnmairiywaore I/O

i ti t put ] 180. Fig. 19 i | ayout
G0 R i S SneBPeere 75 it B SHEPE 1) B epeatpEcor
LiDall3PfI6aBR r}ir@g@z&nﬁlh‘% dfRhéh @b@m%tc&em pdd2, high
drive 1/ O section 194 and the |/O |logic  section 196
conpr i émather prefepied cabpdigientofithe pureent prvenjionsig te/eobagodvia-
P 3 e ' t ' .
AR Bogf B DO IR 10
c hss hepesiikty bf @mplemkntstg ravltinly 140 ptandneds v2i@Reithkiet fingle ended

tj vat. i a.204 and tiyated vi.a206.. 1n
ol ot O R Db BRI e ot R et
163ltageutfetshcddibputiks HETE; élt.) \02 difldbchtia PoutSuraidtehthinput

most 1/ O types could be constructed by )

i ﬁlﬂl@_rle\_éﬁﬁelg\’?l_ﬁ‘é_ht e-binsl a3 bsprfigred thaplegint thesgfunctions
p I o . . .
D58 oo DRSS B L RED YR 0 M v
1 h@sk eethk sesp6f thx clsip, and agaaper chpiead] sugplyané réf@&endd Wiltages, the

] , ' . 1 .
IR0 082 PR05 e AR RS0 PR Ry bRoPE St by
padscefetéhcduboher preferred enbodi nent of the current

invention_ is the enhanced via- configurable 1/0. The
enhanc &g 97 5-adhstigtienef ey plan of spenkiQ asenged foy gaggered pad
dewi ” e s .

o R N figoLEn U RASCpbikoua3 eact DHOERE Bich il 321. Bach
olfQpean/ Bingiigineasemdividualdf§dtor bbthlcen BMiEHibn 4s\(G4Tor differdntial I/O
Si n,ﬁéa(%dended out put/ voltage referenced input (like

Hétf“ ) ei’c.) or differential output/differential input

15 (11 BecdubdXhe chhdntéd via@bafiguratlell/Oasan Repleeht Ay @feretial

i npl gngn,t .these functions )
standards it is necessary that it connects to two pads (see Fig.26. elements 260).

When single ended input, single ended output or voltage referenced input standards

are implemented, both pads 260 will carry individual signals. When differential input

or differential output standards are implemented, both pads 260 will carry a single

logical signal. As shown in the Fig. 26 the enhanced via-configurable I/O contains: a

differential output amplifier 261, two differential input amplifiers 262, two output

buffers 263, and two input buffers 264. In a normal implementation the enhanced via-
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usi ng connections realized wth a single via mask.
Usi ng the sane single customvia mask as the rest of

W b@4obiop3 and a proper choice of supply and re¢EUS2008039878

vol tages, the wuser will be able to inplenent variety
of 1/0 standards |ike the ones exenplified by the
references above. 20 Fig. 32 is an illustration of a
floor plan of such I/0O arranged for staggered pad

AR LA 0, BB O S0

| BchndatoltyaThebe Bompasnehtstdan baintéromaicced t@ﬁn;ﬂemmt thef standards as
I/ O. standards.. Beca

differential S e.eph

O SR BB 50 PGS IHlS T or OB RRod M T SPS ot i figure
25hs badadddBa-bénfi g HRCPO TaR Mraﬁs 8kt té br EHNRRBID th @w& %’ca
pads (see Fig.26. elements 26 When singl e ended

i mignals; tb¢rﬁi9rfeW@Welléha\@Lﬁ mﬂemons/aﬂ thefevilldiringsignels frampihe chip
I‘c’tﬁgﬁ'\g/ | SP%‘Fw@lEsesteggBIf e ) ‘8%?11111? glﬁ&;t\foac%ﬁng&%n%/\&éé thA AV drive

disfighals enthe a]lnp ©u totht pedvidud atags ofithe I/Omicanﬂnpmmallp dttchn also
pads 260 wi | g aihﬁrgyf a si n% | ogi cal signal. As shown
a‘ferﬂ‘é"olfioﬁnec 85 1P 1BHMYRLEBAR)F-a- confi gurable 1/0

C ont ai e pRIFRerirkhie &Rl thOstnpiel si fok HRY oudftt buffbased
differential input anplifiers 262, Two output =~ buffers

268 thedagn and@ommhﬂgnalﬁfcpm Qe from ¢preyomigetal previous circuit. One

P% Ug%%@édo%g g%g) Fedifid con %"S‘ﬁa #)I%Sﬁn%% ‘cor rﬁ?ug‘fp ns %ﬁ %\%

p esabi¢ mgnas]; 320 isctites thikGBia 4301 Wik be repeatsdadapits 3961 the output

n at hese ¢ ts.can be int onpected.to
AR AT e e A Ot er e B EEURT S e
S hrﬁﬁécﬁné@ Shat€. MR EPUOBSFHBOE &Chothohrid o£ihe pliPiveaout @Ns pldSented
figure. The enhanced via-configurable 1/0 can

t i AegyE? 89 £05 ifs pasyrupdetetanging v vendl rpagoatisl §pphaesdsts, the
t E’Ferdﬁtrélr rﬁlﬁﬂf’% 1§Jar({%a\éﬁd %ﬁ%‘ﬁ ‘? 85’[%) Qfgﬁalg ﬁan (Q)?é cem ﬂe connected

bring si romthe previous sta
ofdiredily tb /tl(é wntrolofithe @.nphttdmen; amhihixtik dre&tﬁﬁﬁmhh @’lglmSmW to 31.

drive _sign t he Chl or,. to.th revi ous st age of
Che T/ B 2o 5P b iy Uepo g ioB TS sripieedndy

C QBB AMBO 26 Bladk @Mlemﬂ’ig enakhfnt X118 rdpr&hts ¥ ®bnnection
circurt generates the control signals for the output

beelierd Wil Genfizuebisvia HAmua L4 skaves hmmsed glageafigurable VO
i ‘ﬂn'g#ﬂ@&eﬂt'tﬁ t()vro%fqg‘l:é)é &’Butﬁ) Tt BERUL, OB s(férga? U&rﬁm&%&an the

ement ation tor t ver clrcult pres
i whipicgrera f®@ a Yegivue sﬁhgmf theb{@h:lnteuﬁ; isgreahec@@ioitise output buffer

t he dat t 391 1. t t 9
o P58 fasittpune srpepesuinyin? B IPB G pfss pbetsdad oft
Oukiap wh@Ber cohgR@ebn394274. | F%nhe 28 BhéWOihe itpRRERREESN of two
state. The output buffer 393 is not part of the

D smgleiapded gyt ipterfpeps pFhecqapué uffers 263 are inactivated using via
configurable connections 281. Using a via configurable connection 280 the pad 260 is

connected directly to the input buffer 264. Figure 29 shows the implementation of
two voltage-referenced input interfaces. The output buffers 263 are inactivated using
the connections 291. The two input differential amplifiers 262 have their inverting
inputs connected to a reference voltage, which has to be supplied from outside using

connections 292, and their non-inverting inputs are connected to the pads 260 using
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15 in Figure 39 for its easy understandi ng. However,
if no control signals exists, the predriver m ght be

waele@emsdesl and the out put data signals from coPEr/Us2v0He39878

connected directly to the control of the output

driver, and this is the situation in Figures 27 to 31.
Figures 27 to 31 show exanpl es of configuration for

enhanced vi a configurable UO. The black circle (Fig

27 eI G i zed
oReEERR 208t BRSO Bl SOERL BbGeR IR BRRected o

Y m@ucmﬁfergmzem@g the Gonneamxbream)nFign@ J0vehowk Kigd implemak@chtion of

out p 1/Q interfaces. The signal g fromthe

cRPP 31&%¥€@t161rlnwtaw@§ac&a@9 .uaqﬁscog%egaen S&‘ tormaqtivese dhe uput

| $ufR8nES eandclok D6 Ui oﬁBJiB @ouffebZ4, E@rﬁr%bt%r@ 1384 and 305

usi ng the configuration via . The |nput buffers 264

art@ canineqt thef padsZHOng therioveréng tesmmlmly a@n-uweving mlis of one

0)
c SRl P e 2L RAGERERbL 305 oo 85, Gl Pone
| daftdréntiat mﬂuumh;?g‘lev izazb‘iocthm fnpgwlfffbk 964: d?lngurﬁ B1 elinsvsaBd .
Using a vi.a con ra connect 80 the
comnBeruiicn saveamn e PR T issepmiga L0 o
S ity At hel ol e BRI bR Rofectidnd® 1% ahd 808td 1R SiT BBGKHt buffers
input interfaces. The output buffers 263 are
i R8¢ end/klelg cg@ﬁqugthetsmalc@mﬁomﬁlse ¢hdp corFlee fromee prayiges stage
d Ioff El{%rlf(p I:lrcet'lllt t? 1'{1%1!1’5 o%ﬁlezcﬁﬁ"eljgﬂtYa? 0 ﬁ)?f a[tréﬁlﬂ'}lvaﬁ %L ng 30

i Nput's connec a reference v has to
be SuphimgﬁmiEﬂﬁmekﬁtd@hm&ungnuﬁ@ﬁﬁﬁﬁ&kﬂﬁﬁmﬁ@ﬂnm@ﬂﬂmnd&

their. non-invertin re connected to the S ...
26815sieRGionS Hagks, & DS e Resrr e Rogu kIR TE 21 Fig. 21 is
c ARRARS [IRBSatRADS vERBoRt ik 2180214 BerokdPibagb bi@ rﬁe%@J long
anplifrers 262 are connected to i nput buffers 26

udtapies colel qumdemru QyRr the docalFjogtingfabuc é%tnsallowvesegmented routing
g%hﬁ%&ﬁh lrr%@al yers %ﬂ%ﬁa&?‘h‘f‘d&‘iﬂa@' {e tﬁ?(ﬁ{og&ﬂ%ret %s%ruct array

uses connec nactiv
b wff fegicswitio Bver mnmecgates,rm&@ Zhdnat tay@s of lfoutmgmlglm be required. The
buf fer .264,. connections 3 d 30 &Bconnegt t he
p SHens gy epiion feepsls e 5%, VP@Z’BB% frp fion 1p/ls thogigracks
| RRYIchg MackRscribiel i USHatedt 6,3 50W43. mkféxgﬂlﬁ{g t8dks @B6ld have
connection 303 to connect the ougfut of
divETYEP®ner aEn Porputontasts| witlie thepapuies They @urceﬁ ﬁgﬂwb@fcﬁ@lﬂ assign
I
ity L St Bl 1 AW bLson 1B EERRAL Oy e B A oy end
t qnomt namntacapcsnt dfghowdrp inghtatk eshert 268ing traciseedild bsusdd 2o

o,.tie off the buffer 264 and 311 to
cRPELI e oot HERY THi PRSI Eeten of i o
Pls@pthétis] Shidetarciifecti®iolds Pnaly el ayert dshiee faﬂﬁéﬁhoﬁ fordcB&
differential output anplifier 261 I'n another

eFBeRortaehis fartheriepatemplatas;thativexydang Backa adll inchiigljumpers 154, an
" QUL o@g of gﬁﬁﬁ(}‘% shownSGfl le@gen Ye 'ioXth QR 9adh" @%ﬁ!ﬁﬁ%@({rg to all%vi for

i ntroduce erence’i ow nmade to
i scbing between repeating cores while maintaining reliable use of all segments In

addition, it is contemplated that some of these long lines may be used for power and

ground distribution across modules within target dies. The very long tracks might be

placed on a dedicated metal layer, on metal layers that are used to construct the logic

array or on the metal layers that are used for interconnect. The potential scribe line
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drawng illustration of very long tracks 212, 214
across a nodul e 210. The very long 15 tracks could go

waeae61903 over the |l ocal routing fabric 150 t oPEl/USA03/039878

segnented routing of nore than 4 netal |ayers. Wen
many nodul es are tiled together to construct array of
logic with over mllion gates, nore than 4 | ayers of
routi ng m ght be requi red. The current invention

u ] on i ti:
¢ HEMER Rt R e P ch 26 A BT B e very

phhgmtacla 331, 733 The very long tracks woul d have 20
very ven.zero, contacts within the dul e.
The ot o ies SRR BRI TS ARy oRteD & SHpmPB: Fprpgosed
t ﬁ)rrtﬁéﬁtoﬁtlﬁgééﬁl%&ldn%h)@eeﬁ @hddRiles R8lr 21 THE Q)}SJ cb@e GTRACH -

every end point or contact point of the very |ong
t rsmmblgh@f tis fogeducagrass tabkeetwesn lqngnbn%stbai remadjeeshtie cach

|

SR el B BB hOT b or P sPnRRBARGHe Ryl of

rramys ik 3 lprdvadedris ﬂasfatbrhﬁts‘eﬁmthaahamby Ime osrefid dédgn of the

LRESL S L P LSS S e

el cistbimiHafion A re@x%é"ﬁ 1&&%@1%@ A dfBn & Row hde
aI I ow for scribing between reFeatl ng cores while

i Riga?hibigy 2263 ¢ disveng ifustestion pf a eardigarable buffer structure. The 220

a I t

" el B ia conh T bRIR B the AT BREE oflrer DB it

adxrmshymmiwloé‘ﬂeml 1 j‘mmpets&ZQﬂZ@néSfourMetal\/@cgtmbam hnes By
cks m ght _be 30 pl aced on dedi cated netal |ayer,

oRCIFRITEIFD 2 G Vit e SpErRuch 5 OBRBRFULE ( he | ogi ¢

array mmfe}hﬁemt@hmg@y@rs that are used for

i nt erconnect. otential scribe line 25 WO

2004/ 0 Fhdieptiny @@d@ﬁ@%878 bet ween repeating

nodul e I

for th v@?’he&?%haz?r ac ﬂ(ﬁi@?%?gﬁ%@ her e g ller?gﬁtﬁg b?‘ﬁ}er

this c(#)rl&ate ]nmsém and224 ursommteﬂandbﬂx ofﬂthe puffgposed

for th ting conn Nely nodu g.or . 210.
The obfih0h i Grv Sty S BB oy SRemp e bog Bt Four
Clia&sart Bbkin2ehtoRRIT sbrafBlel JoRe33(t fipdne’ sidd 234488 88hideQut from
each other. By havi nq such “scranbl e box' be a part

Ithet‘Iﬂéef@éI‘?&3I4cthﬁﬁ)P@C@ R anomelas o eighborgt oss talk is
provid % b id zh&’r %ﬁ{%ﬁllﬁstﬂaﬁ&%é s&@l{ngférbo%hﬁgoﬁ}@ﬂ%ur lines
on | ayers.

car efu desi g custom za
Prmaenlzibng é&siﬁlmc‘lmbs aghhfezuiadite buiitend siru'cturd: e buffers

to far L t he .cust.om z nd re

si gnal ?5|‘ WI‘I%Q“S“%E‘?%? AT, ‘&éodglﬂfl?s 250. 1t
Ficgmp 12%8 sEvell-copids bSthd stélicBie D40 hid ¥ ﬁfchﬂ%é lebﬂffer@tructure 252.
confl gurabl e buffer structure. The 220 illustrates

v i a confet gnthaspberpeiveat therquirentipeentipn s¢els foimaintain standard
P92 Al Ly U6 Vo g o
of Fig. 1 and dicing streets do not comprise metal lines, so scribe lines are sumlar to
those of most semiconductor devices. In this alternative the top metal is customized to
the specific die size while all the other layers are constructed as described before in a
continuous array fabric. As an example, a continuous array utilizing eASIC
technology would be constructed with generic metal up to and including Metal-3.
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sel ecting two or four vias the structure could be
configured for: (1) Buffer line 222 to line 224; 15

W@ 2004Beifodber |ine 224 to line 222; (3) Connect PCTHESDRR039878

wth line 224 with no buffer and tie off the buffer;
(4) Leave lines 222 and 224 unconnected and tie off

t he buffer. Fig. 23 is a drawing illustration of a
sinple scranbl e box' function. Four |ines are com ng

oa e d Ry GpR B cwfiledS frdla e SR R e

haghrewodari lgbl@@Fﬁ‘g 13. Hach suc@Anb@l@cdiﬁlﬁWemﬂso de&gnated area for
|IIustrat|on of “scranmbl e box' layout. The four_ li

 s@ibg e d 36 dlie. 33 4na drpingiels Walgh Q@ﬁh stiBupns e module
SS84G I SyckftPhe (ohiruoféd dufh B SbANk 190, Fid S HIBhWs 86 potential

scranb layout for 28 lines 25 conpris

searive limep? s 338. t he st ruct ure 240 and i t | ncl udes 28
buf f er shructure t an ther rnatiyv. fo .
the cu Pt Bk Frio i Bl B Pl iClS ot various
paRduRE by Bonstrﬁcttﬂgl the &bhﬁtﬂaﬁye‘x/ﬁac&&ﬁu@l)ﬁ I"Dhl t@f méthlayers such
wafer i s done in uﬂﬁ%conventl onal way
drEMrtpldite Matal-Srouiddre 4o feders gneiic HaFt?i@éo b% eu%w%by one
! bf‘ﬁl%t@é[pﬁh@dtl%|s§erc1ﬂccbusfo'ﬁf’1§1§sko In1teRStva§ N GRE kR might be
devices. 'In this alternative the top nmetal is
cogtomi zed to the specific die size while all the

ot her Flgx LR A c[rgwl%§ ?wéfle%%g @%reqﬁes l%rg :1;%&% a?rglgé)edeto I

30 conti™uous arra abri ¢

C ait344 P83 miotialy 180.iTHezialgr seAtd KndsSdb,BARQ@y subBdtlod tHegotential
con truct fgl@WIth generic nmetal up to and including
elimes obiEE\RS- 2004/ 061903 PCT/ US2003/ 039878  Thi s

c ont | NpRUSS ﬁrarcﬁxwmg lé,lfebakve? 360 %Efettﬁé &g rhe@al% Mk@fo construct
structure of tiling nodule such as nodule 130 of Fig.

18 diffesierii dén size. B@Stﬁﬂ‘lels exhpoilvled 36| Wafer3%) sgnke Huesai56a358 are

i e e B

be con%his lal:témdm&wfhhmﬂrmthmzmtibaaoulﬁ |b§ uséﬂﬁfoﬁh@h veluaws
theBttent |beI|nes 33

L AR 4 dBiigns o e besR o PP RLER oo o adggrtir,
Ofyherel A inddis dléj:il&s%fe_zrﬁ&ebﬂl tE@Eh?ﬁeWQf%f Dgigt hend 9& @Bﬁ light be

| ayers” accordi ngly he top netal grgers such
Merestralile todasienate few disudizgs e rseiatype aied losy @éurg@p@pms and to

p%ﬂs i pisbe %n&o%%_‘é@cﬁ@icz%q%%%/aﬁgcﬁ%g % th@%rget‘ﬁ?ep % C@%r'm%ﬁ for the

ig;;{vohﬁnellﬁodmmbm phasEJ agld t34sd tha@l:lﬂ'}/eﬁ;;lmr ik 1mh9dsf tBé¥olume
V\'h it ethish 1%111t1 zes te?*}s Fungeopa%t% r\]icih bgl(l:efve differently from the
prototype parts.

Additional option of this alternative is to use the top metal layers to construct
pads at the die edge and to connect those pads to the appropriate I/O within the die.
Constructing pads on the die edge would enable wire bonding packaging for
situations when wire bonding is preferable to flip-chip.

The repeating module could comprise regular logic fabric of eCells and I/O
portion comprising via-configurable I/O. The ratio of the I/O portion to the logic is a
design choice. The repeating module would be designed accordingly. There are
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di e 344 of 3x3 nodul e 130. The wafer scribe |lines 346,
348 are subset of the potential scribe |ines of Fig.

wW@2004861903 35 is a drawi ng of wafer 350 where tPET/USI03/039878

netal is arranged to construct 15 a different die
size. Die 344 is 2x2 nodule 130. Wafer 350 scribe
lines 356, 358 are another subset of the potenti al
scribe lines of Fig. 33. This alternative of the

c ' ' 0 ' I

oo UAHA LBT Ol HETEOUr R BIE R o
t Hemomstroted irdBige B6 bedi3ear | i er, whereby various die

sizes are_place on the fer - Fj 7 and Fi :
Tt ofte BaSEsRaes A Mol aadiiarls Yok i betd fiesdee
f 962 PR 1R BB 2BE rd PO BriH¥RINBY B QPA6Ss thaBOttdA and the right
constrain _[fiqu?cerrent of specific design according to

t bides. Higy 86-Bdamagistretept Blingepriion 348w 2xA maduleci e

pr oducti o t t

ayout i o7 PR @R niduld 390ty GLACHER 0y Bbnt ol cdee

t BZA2 andnthe bottamedgead Bswith the desdrmwe rdoth fferseribé lindsrighaldng the
pr ot ot arts.. .25 _Addi tiponal optian.of this

Do R B P SOER"S hl BB Winaebtiigy7s of 2x3 modute
camptruct pads at the die edge and to connect those

pads to the appropriate I/Owthin the die.

Const r ke psegpf pedigiribrionayes dlostplaciathell/Orgl aecarfling to the

b . . oG . A . g

AR ROATRO i anflon bk LN D RGh Mokl

c anfpbérsd padsganidaheit plgcamdhatruld bodoneGetdrding malthe/sPecifddneed of
ortion comprisi.ng. via-configurable.l/QO The rati o of

P Ry Ao BGTRie tg s nampggr: HHECe Stibe Pyt RfeRbor rhe

r epeat THEsip®sHH e ﬂgiébﬂaﬁ@th@ﬁ? egM@Imagl O vl eYset A0061dehg to

are 27 WD 2004/ 061903 PCT/ US2003/ 039878 advantages to

afegaquireenepfsof gay sreciicarieusheifasing; Ieeaeral Haverdd be desired to
coAgPnERor AR Bt 8 vEfighideh Pt i, Tioic qiices are used
r mgthtdissizks sexifjer evan thani3xB minfeand eipitg a sthe bk reddersifzex of over

i | | 364. al the bott d the right 5
< 2l mp: 5% 3350 Bt PRt thE RinghiSorts Dl Lsn8 sgpare,
2x%dglivaekulten 3@ling hinth toIife @6 WRME bE ﬁir‘iﬁang r&E6H He BréGnatet h
I/Ocells along the right side edag)eli 72 and the

béttasgiar dbatoenidmesn hdhedis agaaril de msarnsedpy 3T Itherefore
g'%i?s%ég’%g Rocd (RO S8he E&tﬁl@r@&ﬂlé B & tﬁ@%esgl;t(igg %g:a%l%gm the

enmonStrates a titing-portion 378 o
3Tigear Hie ditvensies rdbtivebylémsall.i buti on | ayers al |l ows

placin q gorﬁﬁg&r/alg)le% !:irc%cl:tcs%lrgéhg ats %eénhc?escribed in Fig. 32 may require
an area of 24,000 p? for I/O pair at 0.13p processes. The ratio of the area, dedicated
for the I/O 362, to the total area of the repeating module 360 will drive the percent of
the die area dedicated to I/Os. In most cases it is desirable to keep this ratio down, so
most of the die real estate is devoted for circuit function, rather than to interfaces in
and out of the device. For most cases it would be preferable to have that ratio below
20%.

For a repeating module 360 sized at about 0.5x0.5 mm? - equal to 250,000 2 -
the I/O portion 362 should be therefore less than 50,000u2. Which implies that only
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desired logic to 1/0 ratio and other architectural
techni cal consideration, while the nunber of pads and

wa b@isnebacenent coul d be done accordi ng to theCT/US2003/039878

specific need of each customdesign. This is an
important attribute of the current invention. The size
and the aspect ratio the repeating nodul e woul d be set
according to 15 the reqU|renents of any speC|f|c

chﬂeﬁl ch? i ﬂlg 98 gfél@?eﬁceés reep% mglﬁllo%upe% 8%% pa%s of I/O

or| zon S| zes tO ess
t Ba:lnllﬂ casas whagitcts @&italﬂeaa ledep onspl@rswal ﬂi\?ﬁlﬂ?ﬁhs Wmsrvﬂl be
snma er. eve n to,.a ole retic
s 3 Ty hay E? 8189 Sl‘%o %FIPSW ipFig48. Fig. 38 also
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result in adding 1Immto the die W|dth as

r &siossulditkerefiore braused foconsttich s@aifhrcuswmrom W@thrsp@nﬁc
Ee ¢ %J{Lt%? lodgl G s“??eg\’glféorﬂl?lgla ?ﬁ [ l?a%g ?agfelg f gﬁcﬁ fa‘!)nc cquld be useful

ore pea

mﬁduhmy a@plﬁicanﬁnst Ieechrmuitﬁ mmg amamtea@d and hxeordmghyame A
di e i on, Cﬁtlvel . A configurable 1/0

cReciierpBinion o Fie e o s Basiomi e eggerjpgfgbric by
I Bhe Bie t@}f‘lazélﬁ Bufbm2thIBP cebstdiR ayefsHRAd [ncﬁfdeg ré(ﬁslﬂbutlon

processes e ratio of the area, dedicated
t feer toGuRBRt padcsonsteuction to allewepropd peelagingms d@glcno"ﬂwl e

50yl ER A5 Fy Sh BB, SO e

r 8Ciso cdmwntlom bomdisg cailld beh&ed; @ ifi edhy ﬂﬁicﬁirefdrilqﬂ&ﬁpt ed
for circuit functio rat her t ]z]a]g to |(1neier aces i

AREFREEPEJP %936 WRTP dis TopRgpgBofule yese feorplyers
p "w%ﬁ@ﬂ%tﬂllelayéi’s feueMithald Matd R18Re Mword%e cﬁ&oﬁo‘i{et&lnany

eati ng nodul’'e 360 sized at about 0. 5x0.

ative solEmIBEOUE be userk M4 0 Mo ere tmmc@bwss% &:Isrgnbleroutmg

O R SR R SRy R e AB R 3

f iclockandistFibgtion3 8t codld bt pmf@&dao heyeaht mgaymbth@ tBVia 6
wth two.pairs of /O 3 In cas

e
BT AR O g bes f ey AOarizh fo R 506 S TR gensrt tog. Ifthe
Widlcindifo @88 hiRwst dﬁttﬁ@’tﬁroh@l@nfewp lﬂléSQhBﬁl Méﬁto%@? c&i1d8e B¥heric

side as_illustrated 1n FIrg. 38 |g al so
i pndiealy Migscomdbagusiane section 378 of the repeati ng

nodul er

t her ef oticg ié{sz? ggg B? gIﬂgons ng%&é)ﬁ g%".f"‘?%‘hg (?g)morlurae & d for

wihigh whmma productionarspedific SustpneMartd M3 medlsabtecmﬂdwmgh\;entmnal
bas ers af such fabr cou usef for

TR S GG B S erB e il b6 BRIt e Bf Pregaile

aREhb G AR MEHs Ynveh#E6h thét wHRREdr{ted ipRBrbfRLb 0. YWoul d

use customtop layers to custom ze the generic fabric

by haltii§- b?ﬁeplte@lsteﬂé?y dewsons pkilloshin theert thy themnesamt invention is
| QY EE it ohat RS Hégr?pﬂh&ﬁgﬂf‘ oAtk ABscribed hereinabove. Rather,

the scoOe of the present invention includes both combinations and sub-combinations
of various features described hereinabove as well as modifications and variations
which would occur to persons skilled in the art upon reading the foregoing

description and which are not in the prior art.
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10 layer to support pad construction to allow proper
packagi ng of the device. The redistribution could

W@emangeos he pads in surroundi ng structure as PGI/US2003/039878

illustrated in Fig. 3C so conventional bonding could

be used, or in array structure for flip chip

packagi ng. In a case where the repeating nodul e uses

eCells, the generic layers would be all layers up to
to MB or M would be custom Yet many 15

gﬁ?%?%%%?%e schenmes could be used. Md to M/ are

t ypi call }\ sesisbnflortorsieyivalcompugingly while M8 and M

woul d bE légﬁd or. Pads reg/bstridgﬁli an, H?V\/er .

di st ri HAPTIGREEAEP TFEe RS2 di-St FIDM TGRS 1T GiP L pprses a

PrepbafngeBdrd, andaterein 1 14kteonke dY £4i8 arh VE)s i§ Hashfigutbe 1/O, and

generic and in sone cases it may effective to keep Mo
S

amhein icheonfigutabls Q eoraprises o legshonginelaklaxer dhat és e same for
C Ui {0 & netal lines, then MA to M/ coul d be
ggzericnhgggg%%'only Vi a6 could be custom |If

cust on2z Atmethodbyf fahigativg aGermisondetbr devicq comptisipg g stapsl of:
| ow vol ure,. and f.or h[i h vtcr)l ume production a specific
cust onPIWERE B EPRAERESYSTAR ow convent i onal  di ci ng

or for fuiigl a Raeddelogld My, hbladingt phicklity beareh #08] abihe
to use the preferable enbodinent of this invention

t picordiicio sehsirptegand,yieasin paid dagi Yray q@mprises axmspeating core, and
WighbrelBat 3RRE Sife! d?tsﬁq a@é_lﬂ%‘rﬁ 9@&@#4&@%1 &&d\l&)‘:ﬁf ableAS
the present inventionis not [imted to what Has been

p esrpusih@at]lgass dreinetalneyat disat ks the shnhedoe alh #BoovefigiRatidrest |

the scQO res i nvention includes both

of .th tin
conbi nat ﬁqgn?g}gu@gbvy%{gwmgﬂnghs of various features

descri heerdbgéseilsabays, adetsh daidisoraatbss l'ogﬁtdn@? So@pPhses a
variations_ which would occur to persons skilled in
t FRPeaing mpsie sakaning lagmecdlls pad BOrrglisandreredistribution layergor

ieh i : s . / .
pFiBk RePlealGanOGERAA AD RIS contiotors Bt B Blackagine
conpr i 4i Ageemicondundenwassaccoging tarcliy 3, wherainlsaidd]/O aelth are
wher ei g.sai gl oqgilge ﬁlrler ay conprises a repeating core,
afdeNEsd i hgced ParalleLines, o of said area I/Cs is a
conf i g8y abdemidoh@uct@ndafebacebirdingitb chahd, Wﬁﬁ%h@ﬁﬁ@@p@rallél@ines
conpri ses fe‘éstl east one_netal layer that is the sane

f 8t spaged af Jegst OnmpaneE bublisss than 3 Mgy of

fabri cgl W@nfcorBIUGAPHYCIRErdfE b €Bim 8 OWREL! ORI rbfting
steps of: providing a sem conductor Ssubstrate;

f erodilegomphisgsdié ldagigwo eyl dayarsr ay, i ncl uding a
plural l7t X s%irﬁ&)rnglallctér/v%fer &gortdpneg to claim 6, wherein at least one of said

metal layers comprises a repeating pattern.

8. A semiconductor wafer according to claim 6, wherein each of said metal
layers comprises a repeating pattern.

9. A semiconductor wafer according to claim 6, wherein additional custom
layers are arranged to form a specific die size on said semiconductor wafer.

10. A semiconductor wafer according to claim 6, wherein additional custom
layers are arranged to form at least two different die sizes on said semiconductor
wafer.
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10 sem conductor substrate; and wherein said |ogic
array conprises a repeating core, and wherein at

wo e@giene of said area |1/ Os is a configurabl eP€CT/052003/039878
said configurable 1/0 conprising at |east one netal
| ayer that is the same for all 1/0 configurations. 3.
A sem conductor wafer conprising: a borderless |ogic
array, wherein said borderless logic array conprises a

15 repeat| cont ai ni ng..l ogj I d_ I/ .

ol 1 o Sho BonERcRoniRPie] (Ophine Rpfeig T o it fhggen seid

abepeftp I/ ostls apd cuaintizéd 0 differkst fusdioneby ung oily chpacka via

used in packaging. 4. A sem conductor wafer according

t #Y€Bai m 3, wherein said I/Ocells are arranged in

spacedpagabhRbndddiGtevige adtodBRE UMHLLI0 furR 8dmprising

according to claim4, wherein spaced parallel |ines

2 Gepartingslpgie eellsaand whereinGaid semicopductorisigyict ésswistonureddymsing

aﬁﬁfﬁmmgnrﬁﬁﬁﬁg%condUCtOr waf er according to claim 3,
erern sai d epeating nodul e conprises at |east two

nmetal layers. 7. A sem conductor wafer according to

claim®6, wherein at |east one of said netal |ayers

conprises a repeating pattern. 25 8. A sem conduct or

waf er according to claim®6, wherein each of said netal

| ayers conprises a repeating pattern. 9. A

sem conduct or wafer according to claim®6, wherein

addi tional custom |ayers are arranged to forma

specific die size on said sem conductor wafer. 10. A

sem conduct or wafer according to claim6, wherein

addi tional custom 30 |layers are arranged to form at

| east two different die sizes on said sem conductor

waf er. 30 WO 2004/ 061903 PCT/ US2003/ 039878 11. A

sem conduct or devi ce conprising repeating I/0O cells,

and wherein said repeating 110 cells are custom zed to

di fferent functions by using only customvia |ayers.

12. A sem conductor device according to claim 11,

further conprising 5 repeating logic cells, and

wherei n said sem conductor device is custom zed by

using only customvia layers. 31
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