WD 2006/ 014849 PCT/ US2005/ 026227 STRUCTURED | NTEGRATED Cl RCUI T

DEVI CE F| Ba200670IH8HS | NVENTI ON [ 001] The present inventi aCTesmiRR6220
integrated circuit devices as well as to nethods for personalizing,
programm ng and testing such devices. BACKGROUND OF THE | NVENTI ON
[002] The following U S. patents are believed to represent the
current state of SARUGTUREDINTERRATERSLIRCHTDEYKCE 6 245, 634,

6, 236, 229, and 6,194, 912. These patents all relate to prior art wth
respect to the current patent. [003] The above patents describe

sem conduct or devices, which contain logic cells that further

contain i nterconnects, which may be patterned by a
singl e v#@ﬁhﬁgiihﬁ$ﬁ§%a@€§ﬁ;ages of such application-specific

i nt egr at gdoni r Qi bfesénhBlveidjonhielies tociategatet @irbuit dettizbs aserkll aa t¢ methpds for
art, but are |imted to |ogical, functjons. Today, nost sem conductor
devi ces PeEioBlEH B PIOSRIIYRE BﬁwgéW@éggcﬁknDry, read only menory and
processors, in addition to general conbinatorial logic. [004] It is
comon to Brovide such conmponents in a user configurable formw thin

| i brari eBACKGRGHNR QB ENVENITIMN: nust sel ect and define their

specific [ﬁwf | Rk 881ioWing VS| PteriPark BSlleded doabprBidnt thbQurieht $46é bf Be hif: U.S.

t heir design. ng)l cal Iﬁ/ t hese structures are In'R| enent ed out of |

cust om d%%e@ LB 5296684 6A%0. 745 and 6, Hidet12o ARese pateqth alf relalg iginrier 4t

full Setwﬁﬁreﬁeﬂ(ﬁtﬁfcufn%ﬂ{ jagAte. This is acceptable for Standard Cell
Ich a

t echnol ogy, so requires a full set of masks for the rest of
the design, but can pose a problemfor Structured ASIC parts, which

do not. [ ] i-el.d- . :
00,05L5 PR, e G Bl 0 BRI s 90 0
cust oner fusthgicpetainllookgeriebled ankAnfsrcoments, vich papbepatiomsd by # singlp yia raaske
B )
This is duiitd in thepriotalt, op acdinsited tpogical fneeioes. oFoday,heost sempemgniter. deyicksD

2006/ 014849 PCT/ US2005/ 026227 [ 006]._The curr [ o) i des a
set of cHRFPHRA® gpérag %8%5ﬁt'??$ﬂgh{?a%?ﬁmeg}?%%§ p%r/cg%‘lagéﬁtagg@%%g)r on
one semn gHeAlenibinale@ial gjc. and are configurable by a single via
change, the sane custom zation as is done for the rest of the
design, resulting in either considerable

[004] It is common to provide such components in a user configurable form within libraries,

from which the designer must select and define their specific configuration, prior to instantiating
the structure in their design. Typically these structures are implemented out of custom designed
transistors and metal interconnects that require 2 full set of masks to fabricate. This is
acceptable for Standard Cell technology, which also requires a fitll set of masks for the rest of
the design, but can pose a problem for Structured ASIC parts, which do not.

[005]  On the other hand, field-programmable gate arrays (FPGAs) are devices that are
completely programmable at the customer’s site. In general RAMs, ROMs and processors, if
available on FPGAs, have limited configuration options, which consist of reprogramming the
interconnects between appropriate subfunctions. This is costly in both space and performance of

the components.




performance and space advantages over FPGAs or significant reduction
i n the numher006b1488%qui red masks conpared w th Standard ¥eES2005/026227
sol utions. SUMVARY OF TBE | NVENTI ON [ 007] The present invention seeks
to provide an inproved integrated circuit, which, in addition to the
teachings of the prior art, is personali zabl e, programmbl e and

t est abl e.[004]008he Ilkreanelnvmttohtpsowndeswalsei@di cmn:ﬁgambbrcdmnwnw mpnyof which may

preferred ment of t.he ,pres ven t ce
conpri si rﬁage g&h i°8 °4¥ ?‘35%}"‘?“51@?%‘?";‘{ bce it Cimﬁf cfﬁlff%g]?‘ giﬁ@g :‘}% cgéqug,?{é
each | ogamecedtdmaiauas & digie &ir thex@stiof dmeledugm kesultipg fredither camsiﬂa'hblan d via

connection_la ers verlying the plicit, s for

provi di mRFrREm P& dﬁ@&?ﬁ&ﬁ@Yﬁr kﬁéﬁ(‘?ﬁ‘f”?@ﬁcﬁn%{eg?‘g{?ﬁﬁ% nB‘g{’?{é’gn
various ﬂeﬁﬁ%ﬁ%a@ﬁ%oﬁiphﬁﬂﬁﬁthtﬁﬁfdaﬁmeﬂ sefhge®l n the custoni zed

i nterconnect is custom zed by a customvia |layer; and al so conpri sing

a multiplicity of device customzed I/O cells, wherein the

cust om zgght R eeld BRRevVENTIONI zed by the customvia |ayer. [009]
The nunber of nmetal and via connection |ayers may be determ ned by

t he custom zed interconnect requirenents of the designs. [0010] The

metal andgyfja %ngf‘egéﬂt %eﬁt%ﬁ%@eﬁ{s@@p’robﬁe bk fi6vedGRER RS Qﬂctﬁ’tf whiehdn and
short neta nts, and ng netal segnents ma be coggrlsed

of et al addisignemt st@dﬁmfé@ nrwr aﬂﬂmﬁ@ﬁl@bbewrpﬁame&b eyang fesia

tracks. [0011] The logic cell may further include one inverter and
one NAND function where the custom zed interconnect provides for a
connect i dA0¥et Viisers is thas prarided inrrsedrdancevith e eeferrpdemberdiment efghexresehie

| ogi c ce{nben%xas%l%h%{w bR e, Bmﬂﬁél plicity of inverters of

di fferent Sizes™ connec to t puts such that the inverter size
of an out jogic amay uiohldmlgangdﬂplwmtwlm@Lotng:eUDc@@O@l@g_ngmglprlsmg at least one look-

PCT/ US2005/ 0262 han et C

t
bet ween R & %‘Fllagg VT m%‘%g r? o&ﬁlggﬂl tl}ﬁl?ﬁslgml \q/)gﬁg%&ggg’ggﬁ)g&mbgea
done af tlesist pheysepmiameht anstdmﬁmdtmtagom{eatﬂabﬁ;}eeh wartdhd iirtputsrand latphits thieceo€el |
may be permanent | us zed the l ustq
or by vi¥3*8h tﬂ’élfze%“ Eg]%fFOm‘?ﬁéS r]f%?' CP%?IP% 1o io’rrpr nlso\éblﬁpljl&yge d
confi gurﬁlblt 1iERANF dbtiecdustomisddiOncdl s avierdih the aadtornined I/@wblzktare)custmlzed by
cust om z ‘&¥ the customvia layer. [0014] It nay al so conprise a
built-i n V3d®€Eor, wherein the microprocessor has the ability
to access the RAM bl ock by a separate read/wite port fromthe
confi gur a[bIS% RA['\lfe%umber of metal and via connection layers may be determined by the customized

interconnect requirements of the designs.

[0010] The metal and via connection layers may be further comprised of long and short metal
segments, and the long metal segments may be comprised of metal segments connected to

jumpers to periodically change tracks.

[0011]  The logic cell may further include one inverter and one NAND function where the

customized interconnect provides for a connection between the NAND function and the inverter.

[0012] The logic cell may further include a muitiplicity of inverters of different sizes

connected to the outputs such that the inverter size of an output may be changed without
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wherein the configurable RAM port al so includes via options for

wi r ed- OR- iwagioos/onalag pl exi ng  output of multiple RAVE. [ GRUEs200s/076327
al so conprise a configurable ROM bl ock, wherein the ROM bl ock content
is custom zed by the customvia layer. [0016] It rmay al so conprise a
custom zabl e cl ocks distribution structure, wherein the custom zable
cl ocks ddlmhgihg)thb ipexmasent wodtemized tereonnairbetweendygic hellscansitthmseleiction efylis,
and may further co % stom aﬁ) inmrer cell to fine tune the

& all I‘Ollt]%]%

cl ocks dllng eff)‘ﬁﬂn% ?rupracem erein e custom zable trimmer cell
is custom zed by the cust omvia layer. [0017] There is additionally

provi ded ac nce th a preterred e f the [ ‘
Prvent | ool SRR ot B g o BT SRt g B vik] S B REE Bhtom
a m : ti Ehh Ihlyéf)br(g vi®@gh ﬁn&@érh@er qaae hedul@gn@ fuethdr compiidel aionfigasblé RABL
one | oo up ta connecti on ers over

mul ti pl i RIpEy™ ?reandgﬁm PEK qoBFEMRIRR 3P &Iﬁ?edllg&@/c“sg’ﬁ’e‘”ﬁW%nent
cust om Z[%dlzl] nt gf ﬁ%nﬂ%onﬁﬁ%wﬁﬁlﬂiﬁthiﬁblﬁoédﬁw tv&hei?éildtlﬁ lﬁhﬂﬁp@césb‘temem‘he
and a built-in mcroprocessor, and further r;g]% sing a co%éﬂﬂgw
ROM bl ocabilityfrsacesss the Mh&@%ﬁ@é@@%ﬁ AT P o theropiisyr

read thewconh el coRfiphriife Mpwals@ﬁbﬁdes ﬁdkﬁaﬁbﬂsﬁfomvﬁrédl@kol@gﬁﬁﬁﬂt@]@ﬁng
t he ablllty to performtesting of the logic¢ array, and also

conpri si P ofwltiplk&MEe RAM bl ock, wherein the nicroprocessor has
the ability to performtest of the RAM bl ock. 3 WD 2006/ 014849
PCT/ US2005/ 026227 [0018] There is additionally provided in

accor dani9@15i t At mayales comnaide 2 pensigurebletR QYL blask, whareis E1etROM\plask icopfent ds
sem Cond&%{oﬁﬁzeﬁeﬁ’g‘tﬁ@c&?dﬁ?ﬁaﬂﬁg a logic array conprising a

mul tiplicl l ogic cel each logic cell including at |east one
flip-flop; and at Ieast one netal connection |ayer overlying the

mul tipli @'ﬂ It Ilng & c(::qt%éarfsg g Estc%ﬁ%%éb?e él&!ks d&{rﬂ)\ﬁh&{ &glcﬂl;e 'wﬁ?}%fn e

per manen st oni 2e rconnec tween various 1nput$ and outputs
t her eof ; custhetizmble ddeks dm;rﬁmmnnmdcmretlszmstmnmdt by the custamo Miad&gr.by a

custom v and _al so f i
cust oni z@ﬁ r,}%yiﬁg]i:qrgom%sgrae uﬁto?l%ﬁg ?E’P%ﬁ{ %egg ii %"mg hl%loglfseﬂ&glh@ﬁg nm zed
by the csgicture, wherelnaetustonisablaiciner s¢lhiy castaniaéd @y trtusioRAdd layeanck,
wherein the RAM bl ock configuration is custom zed by the customvia
| ayer, al so conprising a configurable ROM bl ock, wherein the

[0017]  There is additionally provided in accordance with a preferred embodiment of the

present invention, a semiconductor device comprising:

a logic array including a multiplicity of logic cells, each logic cell comprising at least one look-
up table, metal connection layers overlying the multiplicity of logic cells for providing at least
one permanent customized interconnect between various inputs and outputs thereof;

and a built-in microprocessor,

and further comprising a configurable ROM block,

wherein the microprocessor has the ability to load or to read the content of the look-up table,
and the microprocessor has the ability to perform testing of the logic array,

and also comprising a configurable RAM block, wherein the microprocessor has the ability to
perform test of the RAM block.



ROM bl ock content is custom zed by the customvia |ayer, also

conpri si nwoeoveretsedy zabl e cl ocks distribution structure,povnes2eisnztire
custom zable clocks distribution structure is custom zed by the
customvia |layer, wherein the custom zabl e cl ocks distribution
structure contains constant |oading at each stage of the

di stri bupedt8] t Themiinsdditionallpprevidbdinacteedangevithle preferred gmbodiment afthet he

custom zation by.the cust via. ayer...and al. iS4 ST
cust om z%fﬁﬁegplfl?’%%ra Sglglfﬁon?ug} q‘ridﬁ‘élc TRESHE: acl%%%sr%gl sgﬂ'rr ilélggtg ingur%tlphmty of
st ruct urlegic celixeegeh hogdidelldndtding atddasioone flipvftey; acél | i s custom zed by

th t ia l . [0019] There.is. addi.tiopall i ded. i
acoor dartidees G TSFA P kB MEr S e e BRopHD o5 denliel e T8 R
| 0gi ¢ arfrayidg aPkehst bidperManBat &dspiifeidtiyte@bnriecteietviee b articag inpusahd sutpaach

identical logic cell conprjsing at |east one |pok-up table, t.al
connect | Befephaydieeipihe PPF%)‘W&% Wg"r‘f?ﬂpef"ft ﬁlcf‘%,tf"fl&?eéygy # Ef@ﬁ)t“? Yiafayer Q?N‘galﬁoel |'s
for provigigh@inga mii@akity 0N&VRRICIRAERE] FOSEINWAGEindhd @sloniirtd S ID a6t
bet ween variQus i nputs and outputs thereof, the logic array being
desi gneceustoetzed by the (islomtiz t&y8nal i ty of the nmultiplicity of identical
logic cgld &dp?isﬂ?% Ol fiRrdbRER] Bbok! WhGE WSRARL 196K dRFguRMidn e
configuration of The |ook-up tables. [0020] There is_additionall

pr ovi dedeustemized opsthp eustam vig layep alse spmpripingrakoafiguakle BOM Rleck, cinhe

i nventi ] i Qb SdNGyerd Mul tiplicity of

functi ogg?ﬁ%?gﬁgo?{éﬁﬁg\tﬁﬁ%ﬂﬁﬁ %?é%sgag%e aofgyetrhe functional Dblocks is
a conf i Psr apipeisiRgmIchitorsizablonlerksi distiibvsion strriciiie. vhsrein the crtamisitie {logks
cust om zgd .by,. ' . CT/ US2005/ 026227

| ayer, a‘% 1§1¥th%es%g oﬁgewgﬁm}%&gvgutﬁg?%%ﬁﬁg%ggks is a configurable
RAM bl ocwherwih regiustotmimable ctooks djstributionrstrodture sentsindadnktentidoddingml sacbrsiage af
by a custo La.laver:. a multipnlich: I.on.

overlyi n%e fq] lﬁelbr%?l} i 5? a}nétla?%éé'c@af%geﬁ%?d %ﬁ)afgg%a\?‘#lee%g@%f&é%@@zg@r@;ﬁhe
per manendustoustio tdyzieand nt er connect bet ween various i nputs and outputs

of the ltiplicit f blacks, whereipn the custagni i..Nt er conpnect
i s cust gﬁfozcgﬁmejgsmgﬁgu%?}g%ﬂ? 'E'i‘%m?racﬁg?? E?fntaneé[ ?T{’}P%SEI%S :%%utu)(}ﬁ %‘Fucg égi ce
cust om zeHerbih QeCbiomizatlegriningr édids aisthntradziedihb/Chsteh ki layee cust om zed

by the customvia | ayer, wherein the customvia |ayer is produced by
waf er exposure directly fromelectronic data of the customvia

layer. [(024] Tiereds hdditantdily providkd i sptRddnde oith & peef@tediegibbichent of the
embodi ment of the, present invention a sem conductor device
conpr i si PESCOLIMYIOR 2 2Ry MBI AS a nultiplicity of logic cells and

net al a multiplicity of identical logic cells, each identical logic cell comprising at least one look-up

table, metal connection layers overlying the multiplicity of identical logic cells for providing at
least one permanent customized direct interconnect between various inputs and outputs thereof,
the logic array being designed such that the functionality of the multiplicity of identical logic

cells is one of a number of functions determined by the configuration of the look-up tables.

[0020]  There is additionally provided in accordance with a preferred embodiment of the
present invention a semiconductor device comprising:
a multiplicity of functional blocks, in which at least one of the functional blocks is a

configurable ROM block, wherein the contents of the ROM block is customized by a custom via



and via connection |ayers overlying the multiplicity of logic cells
for providigpogbidegast one pernmanent custom zed i nt er cagesd20izai¥@en
various inputs and outputs thereof, wherein said custom zed

i nterconnect is custom zed by a customvia |ayer, and the nunber of
said netal and via connection layers is determi ned by the custom zed
I nt er conteset, and #dgastroanefiths finfctionsd blocksina eordizgsiabie R AN bthckweheoein ther e

desi gns are. sel.ect ire co n nunber. of said multiplicity
of netal C%rﬁ ra&P%oﬁtg%hg&E@ﬁqs&y%Plg}ze e W%ye%nd vi a connecti on
| ayers f diduigslickpopnhétal dgndctinglagss oty theshalkiphagof blosks, sapfbvidendg least
metal segnents further .inglude netal segnents connected to junpers.to
per i odi cAP¥ eﬁ@%@@ﬂw@@@?cwcﬁm@a Eriqys SRR oY Of @Pffﬂiﬁwﬁw

i ncl udes opbloti@asherSin hel AMBMIZRH iMGorbet iEaStomRE bNMNubtnGld Rier; adi d
custom zed i nterconnection providing a connection_ between sal d NAND

funct i on2aHdinigityof dexige pesspmizethO gelf herpiniths qugtomized H(ugefls pre cpstomized
di T T er eny #leZBstota Wid Mfer, SWESA TR TUstBn &/i BT RrSshcbPbyPRAfr Qpbfid Sirectly
wherein said inverter size may be changed w't hout changing said

per nanenfroBpectamis defa of the sugomniadaysbet ween | ogic cells, and the
inverter size is selected after placenent and routing. [0022] There
is additionally provided in a preferred enbodi nent of the present

i nvent i ofi0031] seRherwis ddditionally provided dompreferred gmbedimenio€ the prasgnt inventingi ang

mul tipligif: i . . V] i .

over 1 01 nguriolucto O feeCbibiol IR By, R0AN) SnCRRNEELC AIEER metal
per manentndvis tomectid layetsarvedying the npdtiplisén oflagic eeits forgravidingatileatoput s

t her eof , r e gic cells
ot uae’ BiEg apetaiit il BERSH AR R Sl el S

cust on zediefin salieugbatedimndrcomestiiatusomized by aghsoro witlayer\and | ayer, or
on a single via layer her .t han the .singl e cust via | aver...and

mot al - andeanoRer Rt me S ya Saher RNy SR od cusiihed iR ppmeet
and | unpedgairéierisiof cn@bembeakdgngpaid ern such that the junpers extend
over or under one Qr nore

short netal segnent 023] ,Jhete Ls
QU ¢ D ondns & S esng e it ot relieh coRBO e A A el £ pf Betal and
i nvent i oRiadomfeeidbiClangdah®r wafer conprising a nmultiplicity of reticle
i mges, the reticle imges conprising a.nultipligcity of dies .
cust om z&¥ %%taléni Fﬁgp@egwgtlevfﬁr"@ ¢ SYmPHSiag fonEaI@ %Pﬁéf&t%ﬁe%wn&b%ﬂﬂong
and et aknetal i@hfefR F@fier REMERBtal S21idhiS connected to jumpers to periodically change
tracks, and

at least one logic cell further includes at least one inverter and at least one NAND funetion, said
customized interconnection providing a connection between said NAND function and said
inverter, and

a multiplicity of inverters of different sizes (drive strengths) are connected to said outputs,
wherein said inverter size may be changed without changing said permanent customized

interconnect between logic cells, and the inverter size is selected after placement and routing.

[0022] There is additionally provided in a preferred embodiment of the present invention a
semiconductor device comprising: a logic array including multiplicity of logic cells and metal
and via connection layers overlying the multiplicity of logic cells for providing at least one

permanent customized interconnect between various inputs and outputs thereof,

5



wherein the dies on the wafer may be tested with a single probe of
each of tin fboree | mages, and the reticle inmges furt@erus2005/026227
conprising a multiplicity of different sized dies, and probing the
reticle inmages is done with a single common probe card. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0024] The present invention will be
under st 0Wﬁe@ﬁdh@]@@fc%@ilﬁhﬁddd@fe&;r frikd Mol tpfables) evhidhahdyhel pegmebeingliy | ed

descri ption, en in conjunction with the draw ngs in which: [0025]
FIG 1 |§“S§P“§'iZ Y the B‘ﬁcqmqnhgqc"r‘%tqn&ﬁl e%“@@rﬁ‘%ﬁ?fu@t or device

cont ai Ni Bfa gingelvid 18¥er GihkdthaPthe sRgieGusthlva lay3fMnB| ocks, ROM bl ocks,
/O cells, and a clock, distribution structure [0026] FIG 2 is a

si npl i fi agtad pridae popnpesion davers fhighsr includp sharf metplsegments and jimpsryimiay o
flip-flopyef ?@d{?ﬁﬁ&h Rhé th e U él@%@lﬁ év@r @%9&1%@ 6£mbte! Ao mfaEécBmend
enbodi nent o resent |nvenF|on 27] 3 is an

i |1 ustralt033] ofTher@smchtlwlly axpaidsd frog prpfﬂml embgghrp@?t Qhihe present invention a

custom z | lustrated

b I%Efgf% Wafifibliclt of RELIE %’eés il1lustrated in
FIG 2 F‘%})g ]% I'S alr% F}al ust rlat gn of mﬁ circuitry of a single
vi a |ayethecet cimagessiomptising e multiplictpodjiesuuetomized by apinglecusiemized va layer

per sonal PEaried KA et e hET M) B 29852 | 00s0) FiG 6 is

an i| | ustwheatinche difs en thi wabe hiay e tesiad Rk alsingteiprofjeddgadh of K@ reticls iknages,
illustrati conf i-gurabl e t r

{0032] " it P R 18t leP Cntg B o ol Eo s Yt
di st ri butdtiols imbged s dome with[aGRi3B] cobinenSrole card. i | | ustrati on of a
configurable clock enable, within a configurable clock distribution
structure; [0034] FIG 10 is a block diagram of connections between
an i nbedgRIENMDESCRIAAIEOBISOF THEDORAWIEGSon- chi p bl ocks; [0035] FIG 11
is an illustration of an addressing of blocks within a configurable
sem conductor device; [0036] FIG 12 is an illustration of a

mul tipli moquofTﬂm&eﬁiﬁn@ﬁb@ﬁumﬁdeme@mpb@gia@dfnwre fillp fifoirge i Ng
t he Look Up Tables into, a, nenpr L FIG 13 is an illystration of
Pads on f wm&c@?aﬂ%e\?wgmaakm ige wanqﬂen 3ifh Y Y PEY P VDY

programuabl e | ogi ¢ device (PLD) structure conprised of logic cells;

[0025] FIG. 1is a simplified illustration of a semiconductor device containing a multiplicity
of logic cells, RAM blocks, ROM blocks, I/O cells, and a clock distribution structure;

[0026] FIG. 2 is a simplified illustration of a logic cell within FIG. 1, including a flip-flop

and multiple look up tables in accordance with a preferred embodiment of the present invention;

[0027] FIG. 3 is an illustration of the wiring layers for providing permanent customizable

interconnect between the logic cells illustrated in FIG. 2;
[0028] FIG. 4 is an illustration of the circuitry of a single via layer customizable I/O cell;

[0029] FIG. 5 is an illustration of a customizable RAM block, including single via layer

personalization;



[0039] FIG 15 is an illustration of a wafer map for custom zing

mul ti pl e desrge614042 ONne wafer; [0040] FIG 16, consi stipigredodsid2en2y
16A and 16B, is an illustration of a wafer consisting of reticle

i mges, which contain nmultiple dies of different sizes; [0041] FIG
17 is a diagramof inter-die interconnect for testing all die within
a reticl poBOTYEEIG i A Rlustidiion oI 8bit seibfiot £ROM bleek;di agr am of inter-die
test interconnect within a reticle imge, 7 WO 2006/ 014849

PCT/ US2005/ 026227 [0043] FIG 19 is alternative diagramof a logic
cell; [Ogﬂyéi FIFEG2Pis 29 iBusthafi@l @0 coffigurdbly @put bpiiér foraakOMppor RaAM dlock;
(LUT); [ 045]] FIG 21, consisting of FIGS. 21 a, 21b, and 21c,
illustrates via configurations for a three-input LUT nenory cell;

[0046] FLo@sz],ZZ 18, § il iRlistfidn SPAABIoR 00h cdrFigGraBREIRR Wistribution structure;

i nterconnection; [0047] FIG 23 is another exanple of |ong segnent
i nterconnection; [0048] FIG 24 is an illustration of fixed

connect | et LR AnRRIHASE § WohigBMBle iRk chil, withiVaedofifigirable clock
interconﬁie%%?' [%@?Q]if FIG 25 is an iglﬁ?éustrati on of connectigjng

segrrentsdi@mibilﬁmlmgmrela | ayer together; [0050] FIG 26 is an
illustration of connecting segnents on the third | ayer together;

[0051] FIG 27 is an illustration of connections between segments o
the top {0034) ayBfs 10 is[ad0&X]didgrag ob@nnestions Hefvwegs an ipheddednicraRECHPL

two fixed.se nt.layers; [0053] FIG 29 is an illustration of the
top two f"ihf{re%q%%lﬁlg%s | ayers; [0054] FIG 30 is an illustration of
four netal |ayers of the physical custom zed interconnection
structure f cting, the. pr \ j AT 8 er; 8 WO
20061 014 TG 0aF tlatzBion of BT RihEot e Wil ek BRRMIECS 2, 0
of two nedmaikordayer devitk; t he physical custom zed interconnection
structure for connecting the progranmable |ogic cells together;

[0056] FIG 32 is an illustration of a |large region of programuable
| ogi ¢ celdozspepkict, 12 dnfiBustransipdtiaamatisifcitp dfil dakdimTablesyveittsimbedded hegic for
segnents; [0057] FILG an illustration of |ong segnent

3
connect i S%g%theﬂ-@%g’f’ ]llﬂf’]@? k2 MEMAYnt her || ustrati on of |ong
segment GRATECT FIGNSS is an illustration of Pads on the outer row;

[0038]  FIG. 14 is an illustration of a programmable logic device (PLD) structure comprised

of logic cells;

[0039] FIG. 15 is an illustration of a wafer map for customizing multiple designs on one

wafer;

[0040]  FIG. 16, consisting of FIGS. 16A and 16B, is an illustration of a wafer consisting of

reticle images, which contain multiple dies of different sizes;
[0041] FIG. 17 is a diagram of inter-die interconnect for testing all die within a reticle image;

[0042] FIG. 18 is alternative diagram of inter-die test interconnect within a reticle image,



DETAI LED DESCRI PTI ON OF VARI QUS EMBODI MENTS [ 0059] Reference i s now
made to Fwo z20be/0iBiech is a sinplified illustration of a pcr/us2005026227
personal i zabl e and programmable integrated circuit device
constructed and operative in accordance with a preferred enbodi nent
of the present invention. The integrated circuit device 10 of FIG 1
consi st s[@K3p | KIGi. ¢9 raltapnativie disgrpn ofSekbgfeelly mul tiplicity of | ogic
cells 12 with netal connection layers, a multiplicity of
configurabl e RAM bl ocks 13, a configurable ROM bl ock 14, clock phase
| ock | ooprn4dP, WG Zihis ddiag@mPofahict Gapuatdblus tRKLUTYL ri but i on
structure 16, a built-in mcroprocessor 17 and a nultiplicity of
configurable 1/O cells 15, each with associated 1/0 pads 18. It is
further comasprpried. et doRfdting of BRIGK. R0, RUBRAA 2 B HluSt A vod cofighratigiéifras
may reside on many such sem conductor devices. [0060] Reference is
now nade threg-impet LT mgmpwtrells a nore detailed illustration of a |ogic
cell, as previously described in United States Patent Nunber
6,642,744 to Or-Bach et al. The logic cells are preferably conprised
of two | ook-up-tables 20, connected through a nmultiplexer 21 to a
flip-flop 22. Preferably there are also a set 23 of positions 24 for
sel ectively placing vial to connect various wires within the logic
cell to preferably one of two output buffers 25. Preferably the |ogic
cell inputs 26 and outputs 27 may be connected to the netal |ayers
with a set of vias not shown. It is further contenplated that other
conbi nat i[@46] of FiGh a2 isarmion eri exampidofinng segiei@int@reomngctidnso be used in
logic cells. 9 WD 2006/ 014849 PCT/ US2005/ 026227 [0061] Reference is
now made to Fig. 3, which is a detailed illustration of the netal and
via confo0gld] atFign 23 iseaother @gmple of $ong segnentimteyconrection;bed in Uni ted
States Patent Nunber 6,642,744 to O-Bach, et al. One or nore netal

| ayers are preferably in the vertical direction 30, alternating wth
one or npocEsret BlG. Rayeasillubttdionbe fingdedoafictibys Hetwdeh ehdisrtiorommodhyers of four
direction 31. _Furthernore, there are |ocations 32 where selective
connect | HEBEf WEEFPP8EHent s in the horizontal |ayer may be conpl eted
by use of selective placenent of vias on the via connection | ayer up
to junper segnents _on a vertical |ayer, and | ocations 33 where

sel ect i v&W8hneldd: énisgarlisiptionediicpreetingsegpents an W@ 1?:3’6&{91%%4% by
use of selective placenent of vias on the via connection |ayer down
to junper sePnents on a horizontal layer. Furthernpre, it is

cont enpl $058T t hBIG- A fsiandllusiratieny eficomnechingpegmenty ehihg thiyddgyey tosether: pe
connected by selective placenent of vias on a single via connection

| ayer.
Y [0051] FIG. 27 is an illustration of connections between segments on the top two layers;

[0052]  FIG. 28 is an illustration of the bottom two fixed segment layers;
[0053] FIG. 29 is an illustration of the top two fixed segments layers;

[0054] FIG. 30 is an illustration of four metal layers of the physical customized

interconnection structure for connecting the programmable logic cells together;



[ 0062] Reference is now nade to Fig. 4, which is a detailed

il lustratw@neéoassp ngle 1/0 cell, a nultiplicity of whi@Ehygoes@baan
in Figure 1, reference nuneral 15. The 110 cells consist of
differential receivers 40, an anal og driver 41, tristate buffers 42,

i nput buffers 43, and boundary scan JTAG interface 44, configurable

i nto nanyoosdsf f eFENt31t ypesoted illagtion fittpot mesad ldybrs off thecpliysioall custdmhized

buffers commonly, used in the i ndus Thi s nf, tign is
acconpl | SHEEBSSoL LR MgomEhite binernaplr are Sl esrer  n ¢ ne

sel ective placenent of vias, an exanple of which is shown in Figure

4, reference nuneral .46, within the designated | oc ons wthin
the I|/0OQ08p] = BiCepeisamiljustrpiion qﬁaaarg%lgﬁgrontoépegrrmng% Oeﬁeéir’/dene*éra the g

the Samldéh@oﬂs%f@ddlﬁ{ﬁﬁﬂlaf/&soﬂ&iﬁde@rﬁé&sthe logic array. [0063]
Reference is now made to Figure 5, which is a detailed illustration
of a RAMBlock, a multiplicity of which are placed on the circuit.
Each RAVIGHsOCK 1%, SO PR ain G100 bi kit Ebdnkcrigl; M cell s 80 i

r ows an(I\jA[coI?ﬁ Each rlow gﬁ)én > #rglis se 1ect ed by a word line 51
enabl ed by an address on a set of address | ines 52 decoded by an

addr ess er a to or receive
dat a froﬁ@glgf Illql%esgzlg}g %@gi?l@ LIIIES F&%?E yec‘%gl%se anmplifier

| ogic 55. Each RAM Bl ock can be confrgured to read or wite a variety

of width taI segnents via
seIectrvgmg?d%%93ﬁ$¥ﬂ§@€#§$b@ 5} %or exanpl e, |f two bits of

output are desired, via locations 56 and 57 are selected to connect

decode sHthe SrEREoS ol BogeRdicahe ey e Jusin Sl pnieatl

connect i mgfl pragiamanblérinesrase nisanitalzpict ogistudtal dntl ©perativedn hcooﬁiaﬁéd)wlth a

buffers 60_.ar selected. Lastl| he vi qQcati.on 6 i ng
e o e R meee T preica ot ahC Frerded SRk Rl Y
flec oded a%iﬁfsﬁ&ﬁ' aac(r)gi% ﬁr?? Mi oamlpﬁgeatdfle ﬂmltﬁﬁrcﬁjaﬂﬂeglb cEls hltzhﬁtmétardamhecnon
ogi c to. bot urrers S

ong §10° PP Ml ¢ ot b O 13, LeaEugbe RO PECk 14 I

by sel echhdigiderdo 9f19 t\ﬂﬁcﬂldrﬁm:'a(?:ﬁﬁ‘ﬁgu%b‘-ﬁe rﬁ&l&di’suiilﬁiﬂilaﬁﬁﬁﬂuc@?& 6, raaduﬂﬁrngnal S
to only ogne of t 1/0 buffers, selectrng%the via location 62 to

connect f%orarserf‘érqré7 apdyymultipficihes corfiguiahie 1o aplisds: sach withassogiated F/& RAdS
| ocat i ongg Sf 153fﬂﬂh<§‘@oﬁt@mﬁﬂﬁﬁﬂgta@ﬁ?ﬂg%ﬁhﬁ%& sB6 SRR BB icek Y Fesid oht S
own colum address |ine, seleCting a via location 65 to' tie
togetherH@GYﬁﬂmégnwﬁwéwmséﬁsesanp logic. In this fashion, both
colums are separately addressed to read or wite data through t he

single sel ected UO logic. In both cases, the vias are preferably on
the via [0080kr Refergneegs somfriadetodIBha wh;dileaaroreﬁ}etaﬂed illustration of a logic cell,

as previously described in United States Patent Number 6,642,744 to Or-Bach et al. The logic

cells are preferably comprised of two look-up-tables 20, connected through a multiplexer 21 to
a flip-flop 22. Preferably there are also a set 23 of positions 24 for selectively placing vias to
connect various wires within the logic cell to preferably one of two output buffers 25.
Preferably the logic cell inputs 26 and outputs 27 may be connected to the metal layers with a
set of vias not shown. It is further contemplated that other combinations of the components

" shown in FIG. 2 may also be used in logic cells.



[ 0065] Though the exanpl es only describe sel ection between two

col ums ofygmogosee! | s, a preferred enbodi ment i ncl udggriddhéosnze227
colums of nenory cells, which are optionally addressable by N
addi ti onal columm address lines 64. [0066] In one preferred

enbodi ment, a configurable ROM bl ock can be constructed in a manner

simlar fogeijhe FRAYERE RChow bdbsth FaL 8 dwhibh f5ia@faRedilludtiationl 6 thamplabimdrvied
enbodi nent, the bit cells 50 are illustrated in greater d tgd'o% i
er 2744 o

Fi gur e 6SonBEERLRORYSH el ps PrevAsly frscriped ihHaiedRi3tes Roferihvig _
gr oundedp, 8aliCet 3. (retf nide bl Pﬁ?é_'rgarle Efe%ermy ﬁﬂge rdan irdeti5R b, Gltbvging

connected to'its colum's bit Tine by a via 69, 1pr_e erably a via on
the via Wilyere ergeate mstat lspers giat e prederaldy inghe borizgyta mwmlnéﬂugh- herpREes
sense a | | ' H ts"fthe horizontal 1

bi -direc Fllg(r?lia 1@%%%%9%@9% élepﬁgggﬁr{gg%%ﬁvégn%%?g I _udg t %%Onoagtagﬁrtmay
buf f er 6l coaplatéiowyruse of Flagtiveplacen{e0iod ¥jas Ph éherviggonnesdivn iy CIrDVP IHTeREK

out put byf f i.n. EL gur.e. [ I L ORRE this
preferre glé‘%%tts)gllZ %&E@mg%{gﬁ aié%}&ﬁﬁﬁﬁag? Z)th%%gfr%%ﬁg C!to @}eg I%t e b%c FV _g#da%ll
are dri vegmeiity niajde dahpleted hp uefaclcctivh placeradnt f Vidsnn thovia TormedtD lgar e

can be selected by tying off, the tni f A i
The AND fatoytmpet staftpfh B e Bl et g (e BISRIHG

t he sel egdridh] mdhoriacali layess ¢ad be Abrinectedby seleciive ecementsif aiae o akingle vitd
can be sel ected,by connecting the enable Iine to the tristate enable
i nput by®PPSRICAEYE via in the proper |ocation 75 to connect them
This selection allows either nultiple outputs to be correspondi ngly

connected together 11 WO 2006/ 014849 PCT/ US200Q5/ 026227 i t.h .a

Fonct 1 onfo0gH” i HkGtreics urarmecs i drvEs ise SorRe Jasieaan o rE PRy »
on the VindltipB¥B/ of ws@Chré Show@h FRufes], tlGrehR BueRl [RYThe[IADESE chieiseoence
is now nade to Figure

| ) ! 8, which is a detailed_ diagram.of_a portion of
the confifigienairecersctl. an sraloaslitven . gfsrq%'f‘&fﬂés ‘_@hm’f 'Mﬁfe’rﬁi“gu?@ bpun
first | eyah yPAGGhegice diSdohkiBihbiotio ndnyAdifibkedtitides 6F fnputpbutMarahd B2l
Spi nes 80, driven either from an ilgagﬁm buffer or froma,PLL, whjc

i s drivedirasiionah/Orhyifersammeonty used mdhe indupty n Ehis spnfteyption isacemplisheddqve
of the v i SERERAD WY RQeBbily th&R oPRids] dnlexhple OF

t he freq%%ﬁ%?ﬁg%é&gﬁﬁéf%?ﬁ{ hgﬁcl ock bet \?\/Qene?@%gt, of0 dgf_i ngd p_ )

al t er nat whish Is shawn freFigwre Hevefasence neoerphéftwithinsthe degignated logatiqns 4y within the
Spi nes. ' ' | Bl js e ahrr@vidl 19 LkeRdb

enabl e b@%@#?@g&&g’gﬁ% ?/rq%h%éﬁi%l%tg%‘afé cgo SI ecs'zéllnonldo?ﬁ?hori zont al
spi nes. tomfigme thrlegierreyd enbodi nent there are 16 horizontal spines in
each collection. For sinplification, Figure 8 shows fully only one
of one collection of horizontal spines off of only tw possible
verti cal [68p3]neRefdrme\endw made ftguros, védth io a detailedribnstration ef a RaMidack, a

are multiplicity of which are placed on the circuit. Each RAM Block is comprised of a multiplicity

of RAM cells 50 in rows and columns. Each row of RAM cells is selected by a word line 51
enabled by an address on a set of address lines 52 decoded by an address decoder 33. The
accessed cells transfer data to or receive data from bit lines 54 observed and/or driven by sense
ampliﬁer logic 55. Each RAM Block can be configured to read or write a variety of widths of

I/O by connecting a set of fixed metal segments via selective placement of vias.

[0064] For example, if two bits of cutput are desired, via locations 56 and 57 are selected to

connect both the columns’ sense amp logic 55 to address 0 of the column decode 58. The via

10



represented by the vertical and horizontal lines 16, shown in Figure
1. Each buwjd edosBi4s96 the Vertical spines can be sel ectimels2005/026227
connected to one of the collection of horizontal spines by the

sel ective placenent of a via in one of the available via |ocations
83. Preferably, such vias are on the via layer used to configure the
| ogi c ar n@mm@asglhcdnﬁédtmgaeaoalcoﬁﬂinrﬁeﬁsaﬁﬁipgégc wfitshespbaive I/Bﬂbuffees 60 amgalso
circuit 86, vja tign tor ut e arou or. cqQnnegct t i
circuit &ecte sItqs‘ib%ﬁ‘B?ﬁﬁ’c @%ﬁe@pgt?ﬁ'@ ‘C gl&oﬁlrgﬁgct
a hori zogfadt ﬂ%%r@&r abdakd :idar&@ﬁ'ldQﬁe ViMocatis l@ PfndRifx thb Eﬂéﬂﬁanf)glb Qgboth
cells 89 in the logic array. Preferably such via |qocations are on the

via | ayed Q;@{if&rs, pig Seleied: o taeoter hasgi ’éo%lb’ PRSI0 by er igAssyrd thmemacry gan
shown i n g ggéﬁnr%eteﬁf%gédﬁseﬁemgdaﬁ%?th\é'v?a lobdBAd usmscoaﬁe& extaﬁhmgnhms y

connect one or into the input of a latch 91,

of whic wnhrroae ghthe éVOdgufgrseseéqca@&thg ia lpeation G2 srieongect flisicxieraphlogic tgahet he
clock 92, fR6aL Iﬁ'le S%éﬁegtlﬁ’ Ha 126 '5%%?11 86 B @hkt QJ&h E&ﬁmﬁ's@eﬁs@%’b

used to con I'gure t ogl C array. I p-flops delay a user
enabl e silegialo its@wgaokinnpddisboline, 97, selwélglaavtl%hmémLﬁSetQ tie tegethenbnte
signal d t

ot gnal s S sefbei®lofb s Alln, ¥Rk RARLARAL ARG OISR or
thi s f ashiridadatpthedugh diel singlenseleoted 16X logz. bl tottkeasesathe dias axe préferably on the via
flip-flo ure%?, of any group of 256 logic cells.

ES erzgs iﬂoovgnﬁi I E,il !
Such a g %’up can oe g'ég,t,h, f:a% re 12. [0070] Reference is now nade
to Figure 10, Wnich shows the 1/Oto and fromthe m cro- processor

17, sho i re n odi.nen rocesso 05

w th fouldRb  TGitisssanpises Spersessissars oo sorpls Apdrathuets
RS232 semippdferpal dmbodndnhidcRiia@ dnoohingissf melneryl dam,!twha:rhdzr@cnlitmmhllyf rom
port O 103.is dedicated t ser fined muni cati on. Sel ected via

| ocat i on§d%8§56@‘éﬁyg@é’?‘&?&"&ﬁ@“@ﬁ%ﬁﬁﬂﬁﬂ% port and the netal segnents
within the logic array (not shown) allow use of the M croprocessor
100 during nornal operation of, the Integr dcircyuit (1C. Port 1 is
connect ed‘?‘{ﬁé]coﬁ’(qnélpr@?f&ﬁizfpg’o W?B’Eaé%ﬁ‘fﬁg%ﬁg eff Iﬁl@'ﬁcﬂ‘% ‘?f%’?ﬁ"&ﬁﬁ%d fdes
of oper atBfer sHKICH tPhe RAMBloRIBIBh@h Figas. Ineéifbh a bf'éfarred I&ﬁhbb@ﬂﬁﬁty the
access, and reset. Preferably these control signals also include

cont rol s bitgele 0 prgdllusppted i aeaz@r dsgaﬂs@@ew.%@aﬁ}bm%wt pedkcopiapns @ tRpyisipr
frequenciggs,1dacsopka 25?01'11{216@ difelit ﬁé?i thit€ SofRIHees 1 and-'ai‘ﬁn isRIdbtivRRcoRbd Rt

on port 2 102 are d cated to the transfer of data between
pr ocessoito it eohemn’gbit lipe by meial Qﬂgp@f‘%@lﬂ’ g vigea traip leyesared fosonfigurg the logi

one enbO%ﬁ nﬁf& cﬁél‘qlebéeﬁ eg b4 hefd 107 B4 ﬁfs%tml@plﬁ ok biddireRinAl,

port conne I nes rom and to port 2, for observing and
| oadi ng whéibe I/ébhglerﬁ(lswsﬂetpd%rla@]@dffﬂl@mlfpﬁémmvﬁé ag shaya ipyigumeS.user
configuration. Port 3 is used to supply the address for reading or
witing the LUT. The RS232 port is connected directly to

[0067] The RAM block or ROM block output buffer 67 shown in Figure 5, is expanded in

Figure 7. In this preferred embodiment, both an AND gate 70 and a tristate buffer 71 are driven
by the data line 76 and the enable line 72. The AND gate can be selected by tying off the tristate
buffer 71 and connecting the AND gate to the output. This is accomplished by placing vias in

the selected via locations 74. Alternatively the tristate buffer 71 can be selected by connecting
the enable line to the tristate enable input by placing a via in the proper location 75 to connect

them. This selection allows either multiple outputs to be correspondingly connected together

11



110 pins for debug access to the Mcroprocessor and the rest of the

| C. The My spsor8ssor can either address external mengporE0bdnee227
I nternal ROM bl ock via the nenory port 101. Control and address
logic is included in the IC, connected to Port 1 and Port 3 of the
m croprocessor, to address the logic array and RAM bl ocks. Figure 11
shows exe#laaiOR RbeoassasirddltodttlRe HE beth caseq eovissalrd prefeidbly on the Viadiyer
array, and RAM bl ocks 111 within an IC. Al the flip-flops within the
| ogi ¢ cebted tp pondigiis tha 19gie 27aY e accessed by scanning the data in and
out through the data port 102 shown in Figure 10. As shown in Figure
12, within each bl ock of logic cells 12Q, which_ cqnsists of 256

| ogi ¢ cel(0§8h 2 Refergageds payw m&h‘@@gg@z& vdrich ip @ fftailed diggram gbapergonefihe o

all the l:&ﬁ'i#ﬁrabfé%lldcﬁ dﬁsﬁ'ﬂiuﬁoﬂ E}ﬁ%tu\“@§h%wﬁr}?F1§9f@tl' He st RO Klock Bfdtfiblitid
this fashio a stream of external data may be | oaded into the

m cr opr oiseswtiplioty of VerisakSpinds rROodrivea ciimuigmaaidapys batlenor op & Riln vhic
I ogi c CeH BiveRBaf'R lﬂ i Con?ﬁxgl}rﬂegbtphcgﬁﬁtetv%n el P el vRPRcatfohd! 'SQ the

logic cells toconprete begin performng a
par ti cul Breferatdy the LA has theahliiforselrthe Geqendyand nhase efihp gloplabeteypenos set of

| ogi c, nﬁéﬁea%ltérggivg e]gr ﬁé&“én%@ eHB%(d]BE étﬁe‘?@ﬂ@gZ 'V%#-t&ﬁ étsuﬁah Paifical

patterns nay ach o strings o such
t hat nospind diean nblitméidltjau[f iderdical@natde buffeet &lepwfeg@mevm for ee(:wr@ts)mon of

L

resul t s Raysilplificatitn, Feghre Hilovwa fm:ll)amlk)smmaﬁ Dnesmo@inaianroéhdnyzonhbspmes off of

or  tost Py v oelabiopERdier o ot st cAioBt ARG RRine R

1 by set tdpRgentedisy tha vértieal pfidReizonthElide Q8] shows isEigiretlh&ach biyffen 81 of the
power - up_ 13, 2006/ Q14849. PCT/ US20Q5/ 026

m cr opr oéféggc\épmnéwg electiyishi cghmeste 6?1°Ilfé’[?f§1°f°f’g?ﬁ“9ﬂ8f lﬁ%wmﬁ Ripes pyihe
t est Cglﬁéléﬁﬁé plat@entlaf 2vih gi&efohgleh\ﬁﬁbﬁﬁﬁl%ﬁbﬁd 0%, kBr,efe?dwyd such vias are
repeat e Yy gener at es pseudo-random scan Lt .va 0ads e

t he scan©Biheviglayesused tp ﬁ°‘fﬁ%‘ffstﬁ e logis ke Fre |h8§¥q9faiﬁﬂla?ﬁ°n§*é§ﬁ§ r%’8 s 840

the cont gits cRbuit h@ vﬁfl leafthﬁsrout@Ql@hﬁtgortcbﬁldcﬁélﬂﬁétﬁm‘I &redit V79It Bhtton
for a prescribed nunber of %glc es; and then conpares the resultin

si gnat ur Bukfess §5§p%ﬁ1&tl‘€ﬁaﬁm§t wonecacharizanialspme elock 1 ane of yi¢legks op pae

chip canppek bRk elkO Wine&l@logfc' aﬁgy ‘P?etEﬁﬁISr sWH IR 1Bkt RIAY ar@oh Md WAk 1a88tRed
Upon determ ning the conputed checksumis correct, the

mcr opr otaeennBigure ahe lpgie pay. Fegh ﬁ@ble@ffclé%@tsb@mm Figuse 9c@ﬁ1ﬁﬁ‘rr§9mﬁlt1‘~ie§ Mia
dat a. QQ%ZrJionR?EE ﬂvél c&ﬁl\%t?ﬁg& héte a@ﬂécs}ﬁ 9b%mto FehFIR WRY Bitch 91, all ofh

illustration o ts w (power / gr ound)” on
out er r owhichier @tfaﬂrbef thehcplgdc S0 ths optpupefddiich gaees §i4 @1?6@!100!5&35 Preferably such via

locations are also on the via layer used to configure the logic array. The flip-flops 90 delay a
user enable signal to gate the clock 92. The latch ensures the enable signal does not glitch the
clock. User-definable set and bypass signals 95, allow the user to override the enable logic.

[0069] In this fashion, preferably any one of 32 clocks can drive the flip-flops 22 shown in
Figure 2, of any group of 256 logic cells. Such a group can be seen in Figure 12.

[0070] Reference is now made to Figure 10, which shows the /O to and from the micro-

processor 17, shown in Figure 1. In one embodiment the processor is an 8051, with four /O
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130 and 131, and a pad dedicated to Power or ground, only 137. The
si gnal paew smgoegeh connect to an I/ O cell through w riege&oodnigrre
4 al so shows the signal pads 47. In Figure 13, one or nore selective
via locations 132 may be filled with vias to connect the dedicated
power/ ground pad 137 to one or nore internal and I/O power supply
lines. | fpoftﬁ]%nai@deSMMriaIﬁfgm]@[sfﬂ’feQiﬁd gﬁhnpﬁdmiﬁﬁtﬁe h'@uuﬁﬂdluﬁﬂf] ﬁcbrﬂtp&ﬂt(l’ﬂﬂb?l is
power or gr.ou Vi a e filled to either connect te 0
i nt er nal 68?15%1 foser d%ﬁn?diﬁowrcagwée?%é via ﬁgﬂtlgr?saﬁﬁmeeﬁw% g &0
as an |/ QortRAMe nRial SEMENE WAL thE WgicarRAFRhd shdvhﬁ allé\ﬂ%e STt Hcrdpabeds3t
may be caonnected to the I/Ofpower or. ground %qrghlsm ng a via in the

proper | 308 A nosal apgratienolihs @tegratedt%r@ufa g8-c cpERkste §e emral sianals
i's unus e(illecégﬂl?y At th ¥ iRloYARbusRASIRS ﬁeﬁﬁoﬂ' %ﬁ\dl RS0t %ﬁ&@t’ion?@éﬁfesf[) LuT

gr ound. For exanpl e, the outer si d can be connect ed

t he unuseéd Memogy @fgeesibﬁ%ldme;; Hs%fe@blﬁéhqse c@ﬁro;/;@aﬂvé@t m@wbeqqomrgawet the
power r Al
onnect og 1y Ff PF it b Bk ot ML AT PRERIAR A S Ramith.
136 or gribambut 3 outpyt an pqst 24 € are dedigpteddd theritansiernnd delia hetwsempioeassorak dTs
pr ef er abl [

B ray, [ Ony b A R sl Ay 871k 18 oo E R B e K001 10 b o
i nvent i omsepaate nt- ednﬁgm‘ablc q;otm n@mbcterbtthwelams Ilﬁﬂgfrmncaadl tosporw £m Ohwmyg analy
be custo u t S |.e |

or 0gr arrrrga)qa%?n tﬁmf‘gon en% sglg/ar%e ﬁér C%BP%AW%P n&sag%l:g tE c&ﬁ%ur%%{% lbciei"t 3 is used
cells. On@suppbhhe mdtmpfce reéagding oPlwbtisg thaﬂUIr €lhe IReSIZéZ pmcis cmmentaWdlmcdﬂg tho

Gt Puct ur OB SeReaRH DR MBRPuBaend ey 3lhe 7 BRITERREOr o

a set of eith&?laﬂ&eisl‘bﬁtten&ﬁnemb lthe iftemaEROM Blbck wiadht nfeh@rypda flohQoneols,

shose, 0L AT L SRR b S Dbarr Ryt an O

f eedi ng lﬁd@r’éssltﬁé Iagiaraﬁay £id RANEbI6dkst PigubND shoirCdkepRry Aliiegdes bfBIUELS oflr e
connected to which AND functions and V\:hl h AND féngtlons onnect. to

the OR f§RR% Fedls 1{Qin adggin ape it RAM bipdgr Lwidbinany( A le Py ihip the

14 shows i@yidcdll8 Btéach Brobie bR beiabetkd %y&&uﬁmg’kﬂa dafadf %M@tﬁr&%tth@ﬂhté-ﬁ&t
S rrappedlntoasmgle | ogi c cell settln%lwas at the proper. via

| ocat i ond 0% shaveripitigurelbos K q_WFiIEWQ) Za Wathipagh Rirgk Oﬁlwewlbnmm@ch
out put Ol RAM L AINPIdGT n, lﬂéréleu&cﬁ s 14 BaldbuePRET! 192 854S bl theMbAS
to connect netal segnents between the AND functions and inputs to

t he OR f gpllstasdhtheyriiere ope eantigequemenp2 f or each output is conprised of
l ogic cells configured into an OR function 143, which are further

connected through a routing of netal segnents and sel ected vias 149,
to the i dglfl}y oln this fashion, a stream of external data may be loaded into the microprocessor for

transfer into the RAM blocks and LUTs within the logic cells, and data may be scanned into the
Flip-flops within the logic cells to completely configure the IC to begin performing a particular
task. In one embodiment a different configuration of logic, more suitable for testing may be
loaded into the LUTS, and patterns may be scanned into each of the strings of flip-flops such that
normal scan based automated test pattern generator (ATPG) vectors may be loaded via the
RS232 port into the IC, and resulis may be serially sent out through the RS232 port.
Furthermore, the results may be combined into a checksum or signature by the microprocessor.
In yet another embodiment, a standard configuration for testing the IC may be set into the ROM

block 14 shown in Figure 1 by setting vias in the proper via locations such that, upon power-up
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anot her logic cell 144, which is configured to OR 145 the inputs and
optional | wo sgé6isese 146 the result by sel ecting betweerpdings2683/d2612M
or the register output in the other LUT 153, whose output is fed
back by connecting other netal segnents with selected vias 147 to one
of the inputs. In this manner a PLD is constructed out of |ogic
cel | s angfthel@lthe Iﬂkﬁlﬁameﬁeﬁlfesds the/confighradn dagy frdne the Ry lowdsahd testat i ons

| mput  masPBEEN Gt A i e s PRGNS bRk Bt pypacd -+

sel ect i vahy bk RANEH, R}ﬁdﬁltﬁ&n(iﬂﬂft}%%t:@l safings beflipeiipecdocke the Wpic &Hyt feafigout e,
any of the AND terns . nmy be di sconnected .fromthe OR term

changi ngthe sentensnefdhs glpﬁow*@dﬁﬂégﬁ%ﬁ“ﬂt@@ 3 {ignatuge, £or a pregpriped ”éf“%er of cycles;
si ngl e- oAy Bniphates TRIFBNUKING siatli¥ 16 8 sRALR SRrdd ih ROM niehiddf. Sn tafd as

such can contain_ any function of the three address bits |ncI udi ng
i gnor i ngfagiiem dkeschincag pyriemee pemplets Arng-up tegwitheptamyexternahdata.  Jran i n
:EL”S? mO];]a:E gkge n%ﬂh%i%%&;%&é% L 19 b&ﬂec@&e’?ﬂgof)féeé‘srsbﬁﬂn 6&%in RRding the

e us angl ng the LUT's 151 function from

AND( XA, X&temm@@)cpnﬁ&lra‘fmmlﬂewB NOT(C)). This corresponds to changi ng
t he contents of the LUT 151 from 0,0,0,1,0,0,0,0 to 0,0,1,1,0,0,0,0,
since the pin 150 is connected to Address O, |ogical pin XA of t he
LUT 151. [00fR) | Refsrenchérmnvsmaddtio PignDl yasidewsys ilysirotéon ofPad aygutp with

0.0, 00, Bdbelyn P75 oyl e Goys Thébie e bR gpass pw signg! g
Zrl Inog ![ cﬂ&]@gdilﬁb,m@?lﬁ@d(@ﬁkﬁgf)ﬁ Pm:]fﬁNngéAndiBnt(’ Cljf)m SliEmﬁl pmamec;.aah
of the iRy S Bt L mgheh JR 2 Pigd A AT SR istatioBad IF. kbl B

out put, edd dﬂrr[tﬂé sebgtivd vih laenidrisd 32 agy baﬁllédmﬂ:h viesito comneat the dediaated

| nput o B BEOH PR Fiaane afora iRaR iR O et SREpRS Inao Gl
regi st er pdvid/pfltind vid 1BRs bﬁ:d&ﬁﬂ mhﬁﬂpov% oN@oﬁfiDGﬂa@ﬂaﬁﬁwﬁlled to either connect

PCT/ U82005/ 026227 0075 .another p rred enb di rent , .t he
preferreﬂl“a\}"fi‘%lly’7 é‘%tL % P}' P‘?‘ﬁ@{ ﬁm}liedsﬁﬁi B0

t he i nt eggvdr @ glolihdpdt Feleskh@Ble, thBlhnBiesignabsadaat ﬁﬁylw c&inl’e&ed towld BO power
exposure fromel ectroni¢c data cont aini nqgt he | ocati Qfﬁggf the vias to

be cr eat eEeHdhyPlaging a Ay kythe prepgilecatien, 139 Briheraaredt the dgdicated be as

fol | ows: p GwerBrRHE DS @hhuéeheon%%mrﬁ@igﬂﬂ%@srmssew 1368 adntefhal pévetir bi oadd.
mask |ithography, fromt I nning of the process_ through Vi ce

and net aFon exgraple, theouler smél mde qaéae WlﬁlectFCbR?éhe unysediBirdyp R4 pair
before t Qf via 10@%%5 through power 135 or ground 133, and then the unused power/ground pad can

be connected by filling another pair of via locations to internal power 136 or ground 134.Ina

H

preferred embodiment, the via locations are preferably on the same via layer as the via locations

for the logic array.

[0073] In yet another preferred embodiment of the present invention the metal interconnect
between logic cells in an array may be customized such that one of many possible functions may
be programmed into the array by programming the LUTs within the logic cells. One such
example is a PLD structure. Reference is now made to Figure 14, an illustration of one output
of a soft programmable PLD structure comprised of logic cells. Typically, a PLD is comprised

of a set of inputs that selectively connect into multiple AND functions, whose outputs connect
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c. Wien enough product has been ordered for each wafer, select which
cust oner warmognsisio expose, | oad them el ectronical ly i ne@r/tsseosiizeeat
waf er exposure equipnent, along with a map of the wafer. d. Expose
the wafer by applying the customvia |ayer for each custoner design
on the site determned by the map of the wafer. e. Process the

waf ers wirtthart OR fonesibn firzaech onkpt ekish sunegisterefl, bifpreeptienally fesdinghiekqinto one

t andar d K I St T
oL 2t R e o P B bl P by AP el
for the Ad@ﬁ;gaticms chifiectao the QR fumgtiqar fobexdh oftputll pregrasmrablechydheuesek aﬁggire

oot agMt RBREC Pt P rprOa Ry AL FEARR] ngny i Bephpd B P8ue
patter n idgic dell®ysaifig ‘fllhélatﬂl&?dfﬁroﬁer §RIb@HonsA0 dorRdute HoBELYAS nto 4 mgle ANES.
[0076] Figure 15 is a (?EJI on of an

ment i one§MFHos s OStPH fedioa s rouisd i@g ggl ! grl%iefl?f:‘?%%‘g"f 19 cougEt

die loc ah’!eﬁ[‘s&gﬁ*énts%@%&@thgmﬁm@h’&is@ﬂ@hlpﬁ'lﬁﬁd ﬁ@@Rtﬂnctﬁﬁ ﬂ‘haQR(fuﬂ;Itlon
that site, Some g}gs are p aced at a

d nb
to obt ai 42 Br pash oujpubis sempriged oblogicegliy cogsﬁe&rafi AT c 1%3‘4 "6?
good chi Hﬁthegdﬁﬁéct&iﬁﬁfoggﬁa &ﬁn%éﬁn@cﬁ%ﬁné@s atnla%eleé‘h@cf ®hs WIS Ro the inputs of

pre-production quantities ( of c¢hips are needed. Preferabl

t he cust awathardogi¢ eplldyd4; whighis ﬁé@fgﬂ{ gddo %14(§fth9( inRuth psk-opéignally register 146 the
possi bl e J.ox By Qe\fécqﬁg eénecﬂé' ng'nf: t il the Sthet EORNI ﬁuﬁhose

M—ﬁ% t%Pb
al l ows a cont’1 nuous ?‘fw’ uctlo aC| ]R?Jo produce custom parts

i n varyi pepuigs fdtback @Scmwwﬁng ethenetl Sygmmwl’fhrﬁ*ﬁﬁﬂéd@%rlﬁéo Pl theyr
the_cust Biflaald Al RBE LPLSts doifinucti M @K LG al PhBREinfrdlli @Iy ©) -

[0077] Reticles, rrcatio sem conduct or
corrponensdectmgfdlemneyvari@amrlo fill an gferpreforagd wiklayerhi p desi gns
contained on them The reticles are stepped over each wafer 16 WO
2006/ 014849 PCT/ US2005/ 026227 manufactured in a two-di nmensi onal
array of [6084] cl "Bojmg@ﬂsthe Fﬂv&nannblmhiagbe discninoetad fodno any mrmﬁthaaﬁﬂﬂlb s

O a8 UL R B o A o558
di es of diafbe ﬂBEtinnSdté’cEB‘orﬁlﬂfb (qmaamhlbgrlc_ﬁmgﬂr@yhdmmtan;slaﬁﬁmdemmtweuﬁg |Bach
A TN TR E TR T 0T SRR T W
si x di ff giyefihctfonZe €he thnds Edtﬁf%s% 8, enchifin@Sighdrial ehdesort dnyGp@ifidinputs Foh
as previ g}lija?rllp e, %‘?es gtl pll’? (1150 of é lr(])gltc r(]:lelf I«P I cso(lzrlra?nsl#gra% AND function can be eliminated by
the user by changing the LUT’s 151 function from AND(XA,XB, NOT(C)) to
AND(XB,NOT(C)). This corresponds to changing the contents of the LUT 151 from
0,0,0,1,0,0,0,0 to 0,0,1,1,0,0,0,0, since the pin 150 is connected to Address 0, logical pin XA of
the LUT 151. Initially, because the NAND gate 152 drives Address 2, logical pin C, on the
LUT 151, a normal AND function, 0,0,0,0,0,0,0,1, in the LUT 151 must be modified to
0,0,0,1,0,0,0,0 or logically from AND(XA,AB,C) to AND(XA,XB,NOT(C)), to create a 4-input
AND function. By inserting the additional 1 in the third bit of the memory, address 0, logical

pin XA no longer affects the output, eliminating it from the logical function. In a similar
fashion as described above, any input polarity may be changed, any OR inputs may be
eliminated, and either the last OR term 145 or the register 146 output may be selected.
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are placed in areticle, and a repeating pattern of reticle inmges
161 is crea siebussd epping the reticle over a wafer 16GcTesiosne227
i nstance of these different sized chips may be individually

custom zed, as al so previously described within this disclosure. The
dies within the reticle inmage 161, have been placed to initially
scri be t [0878onth yetcmstheeprtfered ethbatisent,6Re prafetred vin igysr, which chefigures the

subseque scri b n.t.he contipyous.hori zant al. d AH

br eaki ngﬂb% W’ aﬁﬁglﬁgwfthlg%heplf’@%ﬁaﬁa§F§}ms&(%ﬁ°%e%ayl |cr#cégsr!lgté%g§ﬁ§g? F i pfé?ray
be i ndi véxpaalrt fometdchotic dad chitgikiap thenodatienshud theadastiabe createrbon thé4ia L
finally, the snmaller dje may, be arated by scribing and breaking on
the int eﬁ?ﬁ?ally\r}g?PToéﬁﬁsmgi“f?@Ydl@ﬁ%%ﬁ’é‘r scri bi ng and breaki ng
sequegces gaé 3_@. PRbdety egﬂﬂe seirrﬂ@dndﬁétd_&lgi@'ﬁf]d Wikt ga diﬁdﬁ@#xgdgkemi@fdphg from the
unused or bad die in order to m nimze fhe nunber o reaks that st
occur. [0079] In byéwfm@aamspr%ﬁ%élam@rﬁ@}ﬂcw mefel TRYPET P GPIQ‘?%GJT‘H&‘
wthin areticle ilgggge may be tested with a single probe of reticle
i mge, utiIizing a_‘si ngle cormon probe card. Jeng-Jyu Shau describes
a full wafer teBt Hedmisivipies beoretidslapst ent Nunber 6, 427,222, whi ch

i nterconnects tpe whVGbmgtGlrOGitt BRDelfstlerB P2 esth valkdr, delt8t Which Afdtomer
wafer. Wile Shau has antTcipated the issues with subseguent
scribing of the i resigesdnmerasedepdithanyplestionicslly ininpthe dirgcb WRRT BROSEEN be

constrained by p%ﬂﬁi&gﬁﬂ??ﬁ@hﬁ’ﬂnﬁlﬂgfﬁlQWafelr.e i mage alignment issues,

avoi ded in the appro rated in Figure 17. Sinmlar to Shau's
approach, a si ngl &xpaseshe whfeniest applyingthpensthapyis lavenfor eAch switeraeridgsdgn on

nor mal processi ng tﬁg i{e%teﬂ@mﬁﬁ]wttﬁgﬁnah'afﬁ'l@i\ﬁdfe?.a.se’ the resulting netal

i Nt erconnects are So16 neach reticle imge 170. Here a
si ngl e probe of epdtisceisthe aafbrshwith the cestinfizesi Baexposurgpover and test al |

the conponents wi thin each instance.of .a. I | .
Simiar to Shalr £RET Baem " poumraa s Er Tkl ARES Sd BN
chi ps are connegt extst thgenfes rlecporficallnlard tigrspeci foovstoadzddytest patern for the
respective probe pads léﬁ . gjd.the test enable 175, clock, data in
and data out pindleqignatipesiEEngprobed o nacted from their prinary pads

172, through ea@h Ioite,tsbie andaokage thet pads based dictheir ipackgging taquiverolants. t 0

limt the wiring to single nmetal, | ayer,. the test enahl.e and .cl oc
nust be distri gutpé OB Packasr etk ig?mfe?%ﬁ%‘?f’(ilﬁoqdﬁﬁﬁ?%wfﬂh‘éﬁusgiﬂlﬁiﬁeﬁl%o
the next chip. |n RReEmIHABEPIBIAE part’d @6t} &L soRitRRES tmyashe JTAG
signals, and the process of test consists of using the serial chip
protocol of JTAGto initiate the scan-based, bring-up test built into

each of 16&%%%%_4@% &ﬁllﬂ&@aﬁ&p@ﬂa@l%ﬁ&ﬂ@ﬁ?%&%(ﬁhﬁﬁﬁﬁaa in 4} Psbove.

The DO pin then serially receives the confirmation of the correct
conpl et | &he wafeemam 154 enfning siies fapeagh diedeqationrhyds ghaged bsthe gysttaer dgiigns to

serial | Ybé’glaée;aaf? dite |Somg%9§%?f§iaf%1&@d L RRE umbELSTSHERLS6 0 obtain, after
limtations of the probe. FolTow ng testing and marking, the netal
may be processing, at least prototype quantities (~10) of good chips. Other designs 157 are added to the

wafer when pre-production quantities (~100s) of chips are needed. Preferably, the custom via
layer is as near the end of the processing as possible to provide the required customization. This
technique allows a continuous flow production facility to produce custom parts in varying
quantities with reasonably short manufacturing time for the customization portion of the
manufacturing (steps 4 through 9).

[0077]  Reticles, the masks for fabrication of semiconductor components, typicaily are much

larger than the chip designs contained on them. The reticles are stepped over each wafer
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removed by nornmal sem conductor processing. As such, step 7 of the
fabri cati wo poeors® nay be changed to utilize this apprragis:2besioze227
testing. [0080] When interconnecting nmultiple dies on a reticle inage
for testing, it is desirable to keep the chip designs the sane for
each copy on the reticle imge, and not have to internally

di st ri buhenshgmet én ih\l’cﬂdﬂgﬂenshdilﬁl arrdyps rdtiote itnegesi MHMOL dndrothebr esnicdndudtorG,

18, the and nd, 181, dat nd dat ut .183 si |
are seri g‘uafm AR %‘ UftR SSRGS gﬁfretdﬂggr%? ggecﬁﬁl?lptsﬁlée qlrpg?oeg PRaFRE ‘gé‘%‘fe
180. The [onlwp k ﬂa&ﬁomacbréﬁﬁéd &itidingend, Sultpl@tiat 6f diff@entisies arﬁLtﬁ.ladltieﬁl

llel to all hi h | d
D and. piiHe bag s enf labls sttt S idn St sted i ED ol
ground piffddSMdso 16!4 aﬁd 1613“ fh thR@kdmplO) iBIAT quidiitied ersmcdlﬂ%m sizegt

enable, data in and data out pins are in the sanme | qcations for each
copy of &#fjorirahinching{iabeied éqtbrougfh@@ 8l i BreYiRgpls darerived irithigthisrdisclpgure,

signal s JR7%1Red %@n&@%ﬁaaﬁp&dﬂ poiferh bifetiéld tnddd€161 9 LRALIBPOEH i ¥he t O
a single reticle 1nmage, and enployl ng the scribe area between reticle

i mges, rqtqq@ onereafar 460 Recbrieimeet thwayhffféen@i sine ipsanayihedndividugller  of
. *af)w
el ve eha %dgoe[[ﬁ'eﬁzus’{’}ﬂ&jesfrﬁ%eg I?Jl'gﬁl c}hi@ 'aﬁplloﬁirém?'hehﬁesl’lﬁ% 1R reticle

al ternatl he osci | the scanning o di es on
the ret imdgs lﬁlaabgee beeh placedighnifiplly scribe the sentingousfverica! lweﬁiﬁ?n &l gripymay

oo PLHRRER R pon DA s ok i

shown i npevipuslg s&ibed Bnes, bagh strip niiydeimdiddually soriet ardbrokenoorithé hayizontal

ooat ontnrg Pl iy Ryl qiglyhe Bl At Gly £ cRIEREEh IR okl

addi ti onaértxealthpelusi) L@ﬁlerrssnﬁxﬁgamfbreamgsbmeea:ds nsawzbe p(:ﬁ‘df)ned,ancladin@ saribingl

I nput erter 97 ry uts.199 .to t exer. and
e | umfpe oy bl 8 Bd AR el B g vl Rt T preab P s PG,
to custopoore] Thegeamddw: émbotihert allehd cuspertisdpiovitde amrclerimage xmr 53

custom zatjgn . options tha |Iable th th rior ar e,
Chot D 2l i85 sf b Shseheds g, vt b e Pm@in Plob et TerasB R
gate 198 ekripie Ml wahe tetieihiiqub if USK Batah NuMbsos,42 42| ®hiaB idterédinkds the

contain two LUTs 20 and a Fllglflop 22, the {ﬁsg%)%{ls 192 and 194 in

the i npPBVY@ecleds andieypass ofialbthe g oneavrlem Vi yantipigated thy Issyes svigh
back i nt udsbf ehﬂ;@ﬂﬁm?f)f thB GricrDNEM R hfttal Bibs, Shalsltédhhique S 1R @Rdnat@d by
functions can be i enented by utilizing Ju npers, 191 and 193 to
feed the P@‘ﬂ?fﬁeﬁsuéwﬁ% andaefigle § fm?cgs alz@rw&wsqe& aawée%m therprrageh {upated ingg
of the mhid @fﬁﬂar%& Shml, %%%c%@l? a% agaéatzc%gaﬁéed Willolwitl thé)

the prior art cell. 14345 P i U82005/
normal processing of the wafer, but in this case, the resulting metal interconnects are solely

within each reticle image 170. Here a single probe of pads 171 and 172 is sufficient to power
and test all the components within each instance of a reticle image on the wafer. Similar to
Shau’s approach, power and ground pins 173 of adjacent chips are connected together to form a
grid powered by their respective probe pads 171, and the test enable 175, clock, data in and data
out pins 174 are serially connected from their primary pads 172, through each of the chips on the
reticle image. In order to limit the wiring to a single metal layer, the test enable and clock must
be distributed on each chip, from their inputs to an output to the next chip. In one embodiment
these test signals may be JTAG signals, and the process of test consists of using the serial chip
protocol of JTAG to initiate the scan-based, bring-up test built into each of the customized
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[0082] Furthernore, in another preferred enbodi nent of the present

i nventi onwealoeoidson may be made by the proper custoni zatioseoefo2éias
connecting either the 4x output 189 of the FF 22 or one of the 8x
outputs 25 to the internal output of FF 22 wi thout changing the

i nterconnect between logic cells. The outputs 189 and 25 of the

| 0gi ¢ celkhipd EnedDO PRCh&Ckeibllysiectaves i@ cvafilmation oﬁﬁhé)bctrrdnwdrmﬂﬂioalof each

segnents 207, whic be conne d to,short vert ts 208
by propefh Pﬁlbé'éé‘t‘ﬂﬁltﬁ“oﬁ(eﬁ"ﬁ%ts%@g? ng Seif 19'(5’&1‘“2@5?”\?13 eﬂ%g \B@E’r

them FuptfiempGsRReHoROST tREhroBE FollbRREeesBRE alDAGLEEOHE fetal SRy bHO
ot her | ayers ’Formt he interconnect between the Ig}gl c.cells. They can

be seen rqmcgﬁehr BermagfeRtiFondpcten RIRReEing As ey SR 7 theéi‘mlcaﬁl@ RIRSE PHed

| at er Eaia% 5Ht%%|t13§é’tﬁﬁa prORYY foP@dingne of the three out puts nmay be
sel ect ed ﬁ changi ng the routing on the ments beyond the

connect i <mo§01 o Wh@n ingryeannecting multipje dips @1 aretele i B%%&e @y teshiae, gt ’6&@?“5191%%
on the k %8%5 Fﬁl}?ﬁxe sihe %Q? aéhcbo &pﬁletretfcrk(?nﬁgé ﬁﬁ&ﬁ(ﬁh%t@%teﬁﬂﬂr

connect i n speC| r| zonta to the or Ic?I nal y

routed v dzstrlbtml mgmlsémomhdh@lclspﬂfqn@e‘mgm@wr Ries.oln BiGha®, theipgyiar and ground
Furt her ,

nge ded Fgg ﬁ,éia?il‘fg t1182'S %f&aﬂ %ég%%(lgga?s Q‘? E‘e@iaLgl:elﬁ\%tﬁgt ?ﬁ Gl ﬁ:{%chberg%i'ltﬂ% as
Ref erenc eetlcka 1mage Iﬁ)d &he oloEk bR and 2651 enwhledi8s isignals fre glstreblutedl imparakal &f albthe

memory. eFBRUR L 30 oo BT hu e o Bl Pl AT ©

mul tipl ex%ﬂabla P3wercnid weount pins he6 toldistsbutdriheie voltaged, butabdSclocks st dnablg, date

th t f th 201

o ik ot SR TR R

Figure Zﬁecebsf’itaﬁﬁg)iohﬁrroﬁﬂigtiﬁ tHeBinalof187 bawednMmberhi Still, be diaditingtheror y
an ex

el enment 201 of the L he confi red to e the

pr ogr anm¥BFrEennREHEYs P aeﬁ”ﬁ%ﬁf“ﬂﬁém?%‘? eﬁﬁ“l ?/ereﬁg%tgﬁgr’cr ﬁ%ie E’é?gS
| evel as tHehebdsgity tetddhned ﬁna@lrbeueneaon mﬁgsé ﬁ?ér Batal, EMEUot}ﬁEigmrBs F1 g,
21c. Each nenpry element 201 of the LUT con]iz(al ns four via _location

one 210 fest ereblﬁﬁedtheﬁaedttﬁéltenewawﬁé?blﬁ@aﬁéql iorand the poqnging\pf 6 gigs.on dhg
212 for r&f&[&'”iﬁﬁ%é s eDliNg He MR of AIPREIpShEsSondASretifle BhaiNth Dyl 14
for connecting the output 215 to +V; and one 216 connecting the

out put ZPS’bFo ground. In Figure 21 a, the p-channel transistors 211
and n-ch tﬁ%ﬁﬁﬁt EHPL 203 RECr&LHRARG bOthd Yre8ddl iieMitids the logic cell

respecti aci ng Wo VI as in the appropriate |ocations 210

and 212. shqwn-t hulﬁgtuaé% Smlaﬁémﬁ:gyre& éreentping e Bifkss eppmectediosyimaRiS X
menor y elsﬁgeﬂtmulﬂl}{l/e ek Qll' gusa'aﬂ 18edtiond E@ 36 ch¥iBinlz0 GRd 'lc%'fts call%ufﬂ“i‘tdalso

212 do ave I sconnects the transistors, | OW ng
themto bblﬁalns wmadautg:yahom buffere 19¢ af 2 ﬂtff%f-’tﬂi sire (670, emﬂdet&ngl npg inverter
out put 2 at{oln,

connects ’Hcgm %u E%%{}?mlﬂig g%doﬂl@% gy %ﬁlﬁg‘%rcr%uri\ Egﬁdépglesn ?gulrgg taéﬁéf_mwh has 2
Typi cal | yymbéresfeviw ilecatiansab icostemidel These additional five jumpers provide for many more

customization options than available with the prior art. For example, the inverter 197 may be

optionally connected to an input of the NAND gate 198 or one of the output buffers 25. Also,
while both cells contain two LUTs 20 and a Flip-flop 22, the jumpers 192 and 194 in the
improved cell may be used to feed the output of the Flip-flop 22 back into the input of the
NAND gate 198. Similarly, data gating functions can be implemented by utilizing jumpers 191
and 193 to feed the output of the Flip-flop 22 back to one of the two inputs 199 of the

multiplexer 21, which can only be done by external wiring in the prior art cell.
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reside on one via layer that is below the via |layer used to custom ze
t he | ogi cwaetdos/oBiser the chip 19 WO 2006/ 014849 1' CT/ JSAOGD06520807
I's custom zed and manufactured, if the via |locations 210 and 212 are
filled, which allow nenory elenments 201 to be programmabl e, the LUTs
may be repeatedly externally progranmmed to performany |ogic

functi 0n[008¢} ermadhbmdre, in iﬂMeLpr&rﬁaymbedimamtaﬁ ihezeekehtdnyeatiom seteaion may
specific ic function b RN ei they vi.a | tion r 0
corres poh?jm?%e DiHthe PIRBEH %‘Stﬂé\?@ %ﬁ‘gast%n‘iﬁ{%?@ﬁ?ﬁa % 8]‘558%3)8? Ogﬂg%zt or
Correspoggl SYHFEIDEMAS 85ad thelernalVoathut 6N FF @ariftgua bhangidgshe iimeradrnect

logic cells in this manner, the logic function of the chip
be | oadebetPggrplogiechsni e outmis @gf%r‘gﬁ]??ek’g’g oRlb ArerroaRected C’I’E‘Fséfﬁq e E&il to

a prior gkt lﬁ%l%&ﬁél%&é?ﬁs:ﬁ@'?f\krﬁﬁﬁ mfgy\@e bomvdtsd 9 khort Mﬁﬁﬁl ScROIEEI8 268 b@proper

seen in Figure 1 Pat ent Nunber 756,811, granted
June 29placrent vfnngs 9@9 mra avs@ox@éfylcwa tayer pesweens therad %W@G&% Retween

Two bot t g eﬁxlﬂ%%nsgm&ﬂééhmfoeoﬁ%?%bﬁé%ﬁh th@ﬁﬂér@&ﬂ&ﬁ'bet%@&n 8 1ddic@ls. PRG

net al segnents, | aye contain horizontal and vertical

short neta besa@gnmﬁrgater@s@d in Rignres 28 thyeugki 3aendome describrd lptg nrthis dppelopure-
by sel ecl}xh%e lax¥ o2d Qg gﬂrgés o&ﬁtwﬁ?@ beitQ tmoah QﬁeIngiﬁEttﬁE ISRHFER the
i | r

Iayers. or art agra s tot ret al segrrent
| ayers. Ee(gmentsé:temn]l thacmmp@mns toothp degid mils,ZMmgfelyt sebecling t&erprcmet wies gn the

g:jflg(r:éelnmt zut%goers @%blgﬁﬂ dc%ﬂn nsete\%}.d %hﬁ;ﬂ@.lmd &{nﬁ&ﬁﬂg m e abs S]i)cclﬁc

ances‘on an I nteg rcu
their el hmizbntahivvmertarthe bngmsllycmmd veoliceb wire, arivediactinaenting the Orlgmal output.

t t, call talk. Th h
e conBeth & LEH SRS 5 0 GV O R0 eBE
ad] acenttiﬁlegrﬂbﬂitﬁmﬁs?tﬁaﬁsﬁdemﬁsth flxed vias 224 connect| ng to

hori zont eg s 225 on t boyve, .for subseguen anne

usi ng cuﬁiﬂéﬁl zg‘l’ gregredg noy o 50 @éﬂfﬁ@ﬁg‘g Fﬁasf.’og\‘l'\%‘:li qslaegg Ig gr“&‘?/“ es—ué)
rr]r;cgani Sfﬁgfe(){?océb}ii?lﬂﬁig: ofg Sét%fleigﬂgprsgﬁllimﬁbfé melﬁorjngsmeﬁthmd tlﬂadg aighﬂgﬁfers
0 elng ot icult t gi.ven t raphi c CtIO
of high 20ReMd eﬁﬁg??s"f“&ﬁtépﬁ%sy Zgglegfbvéf’ @V&‘%{oﬁ 318' télzég* wg iR th
probl em osthinesE oﬁ@bﬁ:ﬁé HER fRderirhese eMdry S@EMBT03 bERE dtmﬁmmmqm yat:
r epeat edl(}/ brin signals next to each ot her en USIE%G% acent

segnent s[008ébs efﬁé?@r‘é Aew mage o, Figwsdd - 113 apptyer wabpgimeph o on, fach

embodi ”Eﬁfem%f'y 418G PO 6fhe TIUWVARY bOEonfichi@ ESeithPhSIN AHNSx MBIl PO glfiRible
| ayers of lorig horizontal and vertical segnents. A repeatin pat ern

of | ong Memionn alementzasdinyRigure 2dp, Féxgne renstanhaup devel 2g i Figue 2lh: e
gﬁ d:hom S%B{r Qﬁ‘ez g&g%mlgﬁﬁenef Ea@l?d%ﬁx%hza&hélt 2@@%%@@%@@9%%

ere-are two ends hg hor i zont al
segnent sleatmsanee 2ifb fari epsnezging é%n@bﬁnﬁ]gtf@ﬂwt%%é @ &V Bowetp one 212 for

connecting the n-channel] transistors 213 to ground; one 214 for connecting the output 215 to
+V: and one 216 connecting the output 215 to ground. In Figure 21a, the p-channel transistors
211 and n-channel transistors 213 are connected to -+V and ground, respectively, by placing two
vias in the appropriate locations 210 and 212. In this case the memory element operates as a
programmable memory element. In Figures 21b and 21c, these two locations 210 and 212 do
not have vias, which disconnects the transistors, allowing them to float. In Figure 21b, the via
location 216 connects the output 215 to ground, and in Figure 21c, the via location 214 connects
the output 215 to +V, to permanently configure the LUT. Typically, these via locations all

reside on one via layer that is below the via layer used to customize the logic cell. After the chip
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vertical segnents 232 on the | ayer above, which are in turn connected
to two shewddevi@ental segnents 233 by two ot her fi xedeonesodsite227
Fromsite to site a different |ong segnent may end, wth

correspondi ng vias 231, but on every site there are short verti cal
segnents 232, horizontal segnments 233, and their associated vias

234. Fi gir eusk8hizehend ntahefacterst, Ufthe héa laspticnad 18 handt 2122@re\fibled, which allow

2006/ 014849 PCT/ US 227 ) I
verti cal mseénéJ fren réleégg&{at(r%ég ot naél?:r?agage‘f {ﬂ{g Iflﬁiéselé%o?e'lt;lg I?F%P?%ﬁ‘?e g‘l% 15’3 éom %d

233 wi t htepafoomiangpidgi fuhaion2 Adierndiivedy, el IR eache dustgized gmperfor8 3Gpecific
be further. connected.to gne of. the rt nents hori zont al

e gmant o o ROGIGE R o vl iokdtEn 30 bt 2 AP RTBIDpAT ERE Giand havg peen
segnent s tﬁd]ﬁ‘_bgr&iﬂh thedtvalub 'bﬁtlhls icb@esﬁ%ﬁiixfgrlﬁerg@@mieﬁmﬂlg wwionlﬁgm“mmaw]rs
segnents, chipitun allo them taq be,connect o short vertica
Soament S imablogerlls ikt B lope Ruicton Gihs CRentR oqLE Patoup Teish o
Fi gure 249083] pi RERFchad isaoanbd Rf Fiklre 2200t ¥YP ekMitde of eHENIRBE twlodli@srs of
where segnents are connected with '

segment s 1ixod fegmsgtspapsey i Fd%ﬁﬁé%?%ﬁg-ggc%%ﬁ%q Eé}s‘%w g,@ggi @%1%%‘1 Tone

preexi st hogodd. Xethiy bAG AP TAescRBEs B fix8d sbithdht ABRAECTRY b&tokd EaybRi doiltain
| ayer segnents with preexisting fixed vias 257 such that the segnents

241 and 2espeqislycharizantalnnd verisaldprgimeighwements.gind fuo pawes euntain hakgnel

Ssegnents ,on vérh@acl SRB P séfledls, hRY & TheQRustoMPbBH S€8le Yi@Sonnebtyl Rlebively
segnents 243 and 244 are connected to the top two custom zabl'e

| ayer s wiaddinprigeRé¢teeemife foptwd sharbmetpbaemerttaersa T hisisipr pi diagem refers to the
connect e 0 t QOB S t

two net a?w g?/%‘i s.gta} géégge%epdé’ﬁ&t hwﬁﬁl%fgy’oa?w%gée% nts 2411 %fl’)l 621%%?It herraert
al so exi siagenj U2fbkes tweyemanded 4 Vendwp rsigorl igtetoognekisaeiadjacgst 124ach other for
whi ch conpect. . ey ).

of the' SadibeliptiRSs B ANTRkGyiee Rt QR el ool affitiohy SARIRER diitip e
pr eexi st iimerchineetd called sradgtalk. The veved lineh222sshiftseosision EBavoidgeh lvmsstalk drom

this fashion,. |long.segnments.on_t.he bottom i I r .«
of ¢ heos Soabn A SiEFRTRHs, a8 kP Bab it T ShEL Pps po A QRRERE
t rack t o hariednb segnisgesi 225 ontthd leydrhaboves fie Gulfsequepbdannartion nsiok sushhdizgelvias

258 may dif.fe romone. si.ie to another.. along with th i as 246 nd
2. "o 6t Short fameRlr aits t BroP 3% & et hoB iy Eonhesing o JonE ey ARG
long i Q%Sgi&mxsamgmgf beisl a@tﬁl‘difﬁcﬁlﬁ &aeﬁplgh,]'g fieen gﬁrlirrbﬂiﬁgg@hidﬁmi?ﬁdmvmf high
Sl tes. sucn, In et ant,er rererre e Qirret.o e

i nvent i ofesity Jpasks: Aagpet 4%5.'&%1% wa&ﬁhe?%?%@ Rbles Slﬁ%?yse%@tm of f8se long

peri odi Cakdn¥entORNEGlcRAnMct Barl %@[Eeﬂedlymﬁﬁ Swb GigARNGRt td aedhSothérhBen using
m nimzing potential cross-talk with other adjacent |ong segnent

i Nt er conA8i@gedt segments.
[0086] Reference is now made to Figure 23, which shows an embodiment of the present

invention. Figure 23a shows the two lower layers of long horizontal and vertical segments. A
repeating pattern of long horizontal and vertical segments, where at each location such as shown
in the diagram, one of the horizontal and vertical segments ends. In Figure 23a there are two
ends to two long horizontal segments 230, and two vias 231 connecting the segments to two
vertical segments 232 on the layer above, which are in turn connected to two short horizontal
segments 233 by two other fixed vias 234. From site to site a different long segment may end,
with corresponding vias 231, but on every site there are short vertical segments 232, horizontal
segments 233, and their associated vias 234, Figure 23b shows the rest of the top two short
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[ 0089] Reference is now nade to Figure 25, which is a pictorial

exanpl e olwepeeoispal |y interconnected segnents from t hetugsbs/@eth7
second interconnect |ayers. The tiled region 250 shown in Figures 24
and 25 repeats, where the segnents that extend beyond the region
connect to the segnents within the region by abutnment, and in this

exanpl e s@i¥RNla§erd4 Hed Bwe dorBi & tica? qegmtsems hetospeotet e tﬁw@oﬁl lgmitzaﬁal
When vi a Iocatlons 254 are filled, the t | ong Dorlzontal ggrge
241 are SSEAWEEIZY Willyeastatizabig viag iy Shis jallews)pach ppseseemsht %%K/Té’

and t hr egonnddied8 A QP MHAASH Sogfchts Hortthed Qe 2390 SRETAEad¥hown in Figure
pre-existing fixed vias 253. Fi nal ldz when via location 252 is filled

t he shor 3a, Hbe longnvestical segmiants thah endsatcifngiicr £19 15 qoRRecisd) fot shoglprizontal
hori zont ?%gnﬁﬁﬂm%'ﬂf 8 %hm %I O%elﬁeﬂcoeﬁceﬁ'&ﬁedte?d RPVhoRdGtED %{ﬁéﬂ"t@ 240 with

When vi a [focati on 64 'S the long vertical segnen
t he secopebtdmsigahle vigs.connected to a short vertical segment 265 on the

fourth | 7
hor i zont gq‘]%rnegma f?rg%%gﬁ'}mw élhér) gdg}F %ﬁfbsﬁ]ggac f?:fo?iaf E)Hrrgaqle of Iﬂ‘fe 8%9 two long
connect esegient lagers whgresegméntsdre segeeind Wztbs)rdﬁyﬁmdnn@c Orlig hpuméqi §emﬂts
| ayer on e n t
connect g bt Byt Sl id WREE Rt B bUBIGRY 08 Sfos 3 e
Fi gure 2¥%ym edrinedted ® the third fayes ﬂgmamawnh preefistiqgdiviesl vina R§%/such that the segments
I nt ercon e nen s fromt d fourth i.nte e,
shown i naﬁfﬁrﬁi&eﬁ v elﬁ’ Ctoﬁléecgﬁé nco%{edgo %% S{gga P@ggéﬁlﬁgg o
t he shor imetwbldyz® myahstaﬁgmmas 2Sigilaily, hegdmtsit%rahd Nemteicomiec'&églt‘r&lnttop two
271. Simlarly, en vi, ocatjo 73 fil the nmper._ 27
connect s ORI 5o 31 BRI E g fits 256 s kb ey PP BeEE g gect
[2(7)(6)gg]r eRchhhﬂ exdcélﬁhectwtmgforﬁiegmeﬁxla: RACHS t02pt8 mmmfa:] |1@aﬂs shglﬁmméeﬁ B¢ ends of
ef erence i s e.to Figure | shows an. e
of the tREWIEE! it ﬁ%ﬁ@éﬂ%&ﬁh&@@%ﬁ%ﬂb?ﬁ ﬁ%do HP@@%W%Q vits 24,
i nvent i 0RmichREnifeRtiht Qeglm"b)iﬂrﬁg Qitefhb) SSimMEXL, bélebd ﬂﬁ|end§cﬁ§]iﬂ9§tfgﬁleﬂ8943 and
connected together with

% ers 281 on the third I er, %H‘% ers
283, whi éfft ISEGARET SeEHEH £4% SHichowith pregxigiing dixgd vigs 2 | Saeats Sﬁégaﬁs 258
the thir @bglmler In thieraiHibd, dodgaéegﬁleﬁ& R thec&moed H¥o enrg la?&rsl Zapraakd of these

junpers 284 connected to "the ends _of | ong vertica segrrents on
the secempenisyasd JARES HEAR Pelﬁ’@ﬁﬁcﬁlbhﬁhﬂlgq fivpems tgly i anatlesst dvgaing while the

j umpers of jjaﬁ%?%&(s Y&hd z£§ ?f@ﬁﬁ%%@%téﬁ)dﬁ@%ﬂ%ﬁﬁg%%&ﬂﬁﬁz%

29, whic plctorl exa first and second
i nt er conaet243, deerme cmhvcﬁngrjsmwray availsllnebeah site torkgem Bieilongniings from being

205t hat “Aiant i3t ek fore W A 0, |y o per ol cal 'y chang
junper to periodically change
track | of@8BbnsAs amli, ingetpapthenprefagismbedipent ofithe inventiem ciistomizaele theng
segment interconnects may be periodically connected with fixed jumpers to change tracks, thus
minimizing potential cross-talk with other adjacent long segment interconnects.
[0089] Reference is now made to Figure 25, which is a pictorial example of specifically
interconnected segments from fhe first and second interconnect layers. The tiled region 250
shown in Figures 24 and 25 repeats, where the segments that extend beyond the region connect
to the segments within the region by abutment, and in this example segments 247 and 241 are
equivalent between the two figures. When via locations 254 are filled, the two long horizontal

segments 241 are connected together through a series of jumpers on layers two and three
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through vias 295 to vertical junper segnents on |ayer two, which are
I n-turn cewongosetisidir ough other vias 297 to | ayer threectosiobs/ee227
way, segnents 291 nay either be connected to each other, or each to
short segnments on layers three and four, by selecting the proper
custom zable vias. Simlarly, the second | ayer contains: |ong

vertical coagrdtly plaxistat fivediad a3t FihdlgRvieh &/if &chtion misl Bed BB &hort
pair of segments 298 that are connected with. a hi)rl zontal junper to

peri odi céﬂrorlgont@ﬁ%f@t £ 18 rommseted fodhesplibloge Berizopial seemenis ddtrent s 293

that are [ges) CRRREGLEH nbafrxﬁwﬂtao Vig® 289 v1a| Iac\éﬁbn b Réilled, rthet 1Bh§vemca1
fashi on, segnents 293 may be connected to _each other or_to short

segnent s SegRent 20@pisthe gecend bayer is ermnegisd toashert visdeal segmeat 365rpnghe fourth layer.

cust omi zg

et or anoe 14 M hen i kgl Qrs PP dndloly horkdal Rghed 2eo 1P iegion adiecpuito

r epeat i ngegipn?iq isyomtecteh to the longivertisalcegmend 268 hywmle@mgamwen@ﬂaamyone to

enbodlne I

all four a‘gecésrh{'sﬂE g‘l‘hﬁ o IP@%@&%@ t"ﬁ{} gesthaé{t%%gcr?e% cied b? %%%lesgjg n‘ga

segrrent s [80P13d| Bcémnw @om imrege jo rf*‘ugtlum 87, osfvhlt:11n® a rmcmrmcb nmmle IOéyspew‘ically
cust Sl i 0 | ONSe:

bet ween |qn eé?%iaeg e Sgé}gglqstngrﬁglsthgn (ﬂ’%g? crfl rﬂ?o‘% r1 %'ﬁl'ﬁ %ﬁs}rnsﬂslflgﬁ@ﬁz '

W thin edWhemhpemt lpceglpog Q@Qms ﬁiﬂedstag:rmmtsthb hhmréhmzmntal/s@ﬂenbm witls th8 GBort

for connecti . har nlc r wi th

| oper s SericihepRaR 27 oS SR DR iohs 208RkATE A uRF TS el oo
segnment s shmg hbﬁ’mntad) aegmylarzﬁ aidt vahgnuiizp Bications 2I7&ymerﬁ11bd tlm ﬁmhpme ars osimects
301 for ,conn ctln 2 horlzontal segnents on |ayer 3 to short
vertlcalt¥8§W§ﬁ@§e 3& r via locations 305 for connecting |ong

hor i zont gb092e g "Refefentdisl rﬁ))ﬁeﬁ'lade tohlhgmt@ 28] WHRR sBova4h drhbolimatit @F thel Bird and
nts op_ |l ayer ;V|aI 304 for

short horjzqgntal se at S

connect i rf@ufﬁb I%Pigqng@fcfss therresentoiRvention, 31 \“ﬁh&}?{e‘? pondaing, phot yeriical
j unper s tsgorfidiy 280Védhhdctal toSRRHthSuMPers 8YP6n the tNikdlahGC add }aﬂ@eﬁ%s Jvﬂ&h
connecting |ong horizontal segments together; via l.ocati ons 306

connect i if§aesheoveharizenipl S%@ﬁ?ﬁ% 3 a%seg@&tuﬁés on Apythir dayesc ke dhisd é@sr also

for con n%ﬁﬂamg Idng'%rlﬁ’cﬁ‘ﬁatl unfersRABRStell & theBShs JRBLd AR YatkicA REEHRHisSon the
where all such via |ocations reside between iInterconnect |ayers three

and  f oursecond rye! Wh%hﬁlzonﬁal WeperaAdt eraneqipddp dymness anbe srcaRhlayest t he
i nvent i onjgogayst R@'fe B tlhd“ngsa@wgﬁﬁew b la &bﬁa éyaﬁlblefdf%ﬁéi first and

j unpers and Vi as a rect connect 1 on palrr o
segnent s sespnd lintertenmect]|laypes: sThe[fygdayer Fatainse rog hpszm@hﬁmwetswo ithay ggnginue

31, whi Cl?hr'oﬁghaﬂle Jengﬁ,t &t 15581“ of geg%{éﬂ{:s% H8Y ark Lonnected with a vertical j jumper to

periodically change track locations; and one pair of segments 291 that are each connected

through vias 295 to vertical jumper segments on layer two, which are in-turn connected through
other vias 297 to layer three. In this way, segments 291 may either be connected to each other,
or each to short segments on layers three and four, by selecting the proper customizable vias.
Similarly, the second layer contains: long vertical segments 292 that continue through the cell
location; one pair of segments 298 that are connected with a horizontal jumper to periodically
change track locations; and one pair of segments 293 that are each connected through vias 294 to
layer three. In this fashion, segments 293 may be connected to each other or to short segments

on layers three and four by the proper selection of customized vias.
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structure the custom zable top two netal |ayers. In yet another

enbodi mentyioot/bmsionventi on, the segnents bel ow t he cust@nueeds@esida
| ayer nmay be arranged such that all preexisting fixed vias

connecting to the cell 1/0Cs and fixed vias connecting to the | ower

| evel wiring tracks connect to segnents that can be extended with

j unpers. [0Do4] | umfatmeaiaowr madrotot Figenet30¢ alhicheig repittoriall€kamples dfile repeating
the | ower |l.eve xt ended b Gt h

cust oni zB¥fign \9#3’5 WH@E%@HGF@Q g5 0 W?%@Pﬁ‘g Oﬁlfrg Efnttsg{gﬂﬁenrll‘feml?ﬁf he ends
t Ee JI UWDBO%OBch‘ﬂectbﬁ s‘eélﬁeﬂﬂi)mmllmelgyerér bﬁf@aﬂpgﬁxﬁlect&ﬁ%baﬂﬁbrﬁio? ca’rdspxmdmg
the | ower |eve segnents to he copngect.ed to t upper, | eve

Short S SRSIHERTs Of rAAFBH GTePERLPE POTEORS e inieispRiegh el ara@ Soamizable
t o Fi gur @ophéstionk lafehm8RNEyC fiﬁm%vhi Rekiond bkmezpnﬁ@&elcﬁngmagmenadﬁrms $hird and
|l ogic 121 and buffer |ogic 122 about the periphery of the bl ock. 23

WO 2006/ BrutBAayescT/ US2005/ 026227 [0099] Reference is now made to
Figure 3 09§ di Wﬂﬁﬁr@a&f reﬁbz@ﬁg Mtbf% tﬁ&@ aréM?iaCIBcati%ﬁ@B@] ﬂ}‘ﬁcoﬁﬁ@fﬁ%

t he bl oc address | ogi C, pace 322 to place wiri n&’ or_th
opt i onal s %M@@@mbwgmenthé@ge@@hpmla%ﬁqwm wg@ersawdla&% &4 FP@attﬂnaéQ% for

buffer | 9&1119@’:111% sﬁ&@%?tu%?%ghﬁn@ kSHefher ¥ lléj/é?g vfuﬁf jubiB&rs 8R idyeF @ lvia locations 301

connection to ertical ng wres, pre erab y on I nter connect | ayers
5 and 6 foreopeesting gioyt. homontui(ﬁegmﬂ% P fryer 3 §o phoi Yearal sepmenis Anel ; via
whi ch | s

ot  2ont e 80F 1B Chni0 e i fepiab BAITEERBREK oyer RS “ﬁ%i’@fsﬁna 3}.‘?‘%

331 Dbet mﬂlmtlhaymntea smntsa)pelay&l 3; vie dacgtions 304 ﬁmcanndc@mlong Mertiea gegmagnfs
depicted _h

335, “The hEvFR iouER RRGEHR bl Fufperd @4fir feraf el ch WS b o Bodtiols 307
to the n&)rtcommnm@bhg)hor&pmabsegﬂﬁntamgsﬂha\mm lncaEpgrA08 fB0¢onaeating dongtvertical

i gur SRS BRRE: P b AUB Bt 1B Caerlrd g VUff Jophiehed B Hihe

beyond t herizoatel spanaBCcvhas ab padevid 2etatidns redde lfaewdzenanﬂarwmjlacbhy&”pﬁ(r& and
325. 8001] Ref erence is now made to Figure 34, which is a diagram
depicti néP®ne way to interconnect |ayer 4 segments and the segnents

342 on | 096] S A9 sult Meydti givkhek mefehémembadimeﬁm ofHHg’éﬁveﬁtioﬂ-ied:LBton’iliL’%le

fixed vias 340 connect between the vertical 41 an rt
ot | 2ont HeTEgRER o CCRRRI R B IO LY SRR caniiion oifeen
t he mannggy Memnﬁlcgmlqrouﬁgyerﬁone vertical long | | nes 343 ext end
beyond the next_connection space 323, as s ure 00102

In yet ab¥WoRkr Re @F@‘ier@dloé‘hﬂ@é? iR Aigug 3bn gﬁlh\}%ﬁ?.l ﬁl?ﬂ 8 e ‘Fay
layers 5 tHERYstomizable top two metal layers. In yet another embodlment of the invention, the

segments below the customizable via layer may be arranged such that all preexisting fixed vias
connecting to the cell I/Os and fixed vias connecting to the lower level wiring tracks connect to
segments that can be extended with jumpers. The jumpers 312 or short vertical segments 310
reside on the lower level, and may be extended by connecting them with customizable vias,
respectively, to the horizontal segments 311 or the jumpers 314 on the upper layer. The jumpers
314 and 312 allow the lower level long segments to be connected to the upper level short
segments in either direction.

[0098]  Reference is again made to Figure 12, which depicts a block of logic cells with
address logic 121 and buffer logic 122 about the periphery of the block.
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be optionally added as necessary to wafers where one or nore chips
require agd tooenadssd ong lines for routing the added PCT/US2005/026227
I nterconnections. Furthernore, the | ayout system may optionally route
t hese interconnections both on four or six |layers of routing,
selecting the option, preferably with the | owest nunber of |ayers,

t hat rree[lm99]1e Retbmnmmmmad@mmlgwmmﬁagfam d)fe:iglﬁsﬁo@;rblockmmaﬂﬂmon,
such chi es rout i on waf

160, suchouit gtk PN g ot cd es B P g M RE AT hbCS

d'eISI ggs t&ﬁbctro@quhg&gmaxloh@w&é@ aIiﬁeIIIomzl memmetfferdolgw,mgspac[eom&ablabe

Wi e appre ted, ersqns ski in.the art that the sen
nvent s ot ibte opiazil G Eiioaemteriabons Hires, BEFH Y S IyPreati AR > and
descrlbegnﬂ?&gw ggbove. Rather the scope of the present invention

i ncl udes_both conbi nati ons and sub- COﬁbIﬂ%ﬂlOﬂS of various features

descri bd®0108} ¢ Refpistee isaowmafe lodighsed i mdiagiam QfQne JRY tHateigapRagt

woul d - 0CElErs BRSNS BB Borisdhtdl 1088 1ihék dnhByeps s a@%dr !rd%%lz hadharsgoi ng
description and which are not 'n the prior .. We claim

1. A senPeWERIeYsS aaé \ayers- dovepr hosizargal lgpa 1&3. (aota#l rdalg/wte% B?ra) is gepnectsy fof,
Includi ng,a mr&w Iﬂl&w&ya 0 35091 %ﬁ&&:ﬁm 187 [Shel QELR frfth Bﬁ’é’coﬁmh'échhﬁ Epace
i ncl udi ng Yretal and via connection l'ayers overlying the multiplicity
of | ogi ¢32%%lthsndxeonpedsipn gpase 324 asi shawe indfigurp é?:r@ﬁlﬁ’é?rﬂt lwfstwv@rhl%gam

| ntercongeal h&?&ﬂ%? n¥ RhdsO8Sh ad S SwARRE 1%9% B8t tech FHRUne cII\‘I]‘FEt?dﬂEpace
said customzed I n onnect I's custom ze customvia layer

and a nu 822 iplHigire §2, @bymvhthmnmlz i 328, tnathb Bext wpraeetion 59@93625

cust om @)

wher o n (G104 pcREeiees iEhchy A3 ATIERE NI o SUBEA Y g By BT
sem condimérconnda\iyerd affgnmntsl iandytht segrieatsrdd2 ondyer Biorthavertichkng dines I4dwn
of pads is i cale | eas | to
said | og Iaé’eraérj'relg ?’até )ﬁd Y #132% %nnc‘é%t‘[)e‘LW SI\J/Ihg’ e %Sﬁ%l\? 1111%9?&11951(1 5 gh

array, saorfzontdsapnents 392, iwhidhlid turg cannautlit lagérs 8 |am;]/4 of thé ogger ehivimsm Figurel

I furth I I
I SRR S b e S
per nanenFIg@tts;z)m zed interconnect between vari ous I nput s and out put S

t hereof , wherein said _cust ed, i ptercapnect |,
cust om \;p(goglay eﬂl yeamther pre erreé embodiment of ti e?nventlosn 1Cn esrgo%neé?ayers%

be optionally added as necessary to wafers where one or more chips require additional long lines

and 6 may

for routing the added interconnections. Furthermore, the fayout system may optionally route
these interconnections both on four or six layers of routing, selecting the option, preferably with
the lowest number of layers, that meets the interconnect requirements of the design. In addition,
such chips, with six layers of routing may be collected on wafers 160, such as depicted in Figure
16, to more efficiently process designs that require six layers of interconnect routing.

[00103] It will be appreciated by persons skilled in the art that the present invention is not
limited by what has been particularly shown and described hereinabove. Rather the scope 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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a custom zable clock distribution structure, wherein said
custom zabl e clock distribution structure conprises at |east one of
t he conponents selected fromthe group consisting of: a custom zable
trimmer cell to fine tune said clock distribution structure's del ay,
wherein said custom zable trimrer cell is custom zed by said custom
via |l ayer; and custom zable connections to a phase | ock | oop
circuit, %ﬂﬁkgin sai d custom zabl e connections determ ne the phase
and frequency 'of each clock. 25

We claim:

1. A semiconductor device comprising:

a logic array, said logic array including a multiplicity of logic cells, said logic
array further including metal and via connection layers overlying the multiplicity of logic
cells for providing at least one permanent customized interconnect between various
iputs and outputs thercof, wherein said customized interconnect is customized by a
custom via layer; and

a multiplicity of device customized I/O cells, wherein said customized I/O cells
are customized by said custom via layer, and wherein said I/O cells comprise at least

three rows of pads.

2. The semiconductor device according to claim 1, wherein at least one row of pads is

dedicated to provide at least one power connection to said logic array.

3. A semiconductor device comprising:

a logic array, said logic array including a multiplicity of logic cells, said logic
array further including metal and via connection layers overlying the multiplicity of logic
cells for providing at least one permanent customized interconnect between various
inputs and outputs thereof, wherein said customized interconnect is customized by a
custom via layer; and

a customizable clock distribution structure, wherein said customizable clock
distribution structure comprises at least one of the components selected from the group
consisting of:

a customizable trimmer cell to fine tune said clock distribution structure's delay,
wherein said customizable trimmer cell is customized by said custom via layer; and

customizable connections to a phase lock loop circuit, wherein said customizable

connections determine the phase and frequency of each clock.
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