STRUCTURED | NTEGRATED CI RCUI T DEVI CE FI ELD OF THE | NVENTI ON [ 001] The
present invention relates to integrated circuit devices as well as to

nmet hods fwo 2pey@Eeal i zi ng, progranm ng and testing suchpdewise®s028ACKGROUND
OF THE I NVENTI ON [002] The following U S. patents are believed to represent

the current state of the art: U S. Pat. Nos. 6,331, 733, 6, 245, 634,

6, 236, 229, and 6,194, 912. These patents all relate to prior art with
respect to the cWTRUCTIPREDINTEGRATEINEIROCUYEDEMIEH: s descri be

sem conduct or devices, which contain logic cells that further contain | ook
up tables and interconnects, which nmay be patterned by a single via nmask.
The advantages O 1SUCh application-specific integrated circuits (ASICs)
have been clearly defined in the prior art, but are limted to |ogical
funct i oRSELOHAHE RNENEEN conduct or devices are conprised of random access

menory, fgaf Oﬁﬁé’pr%ﬁﬁﬁyenﬁﬂﬂreﬂHt&Q@ S8k fed dirtud deVitds @RWEID ag@mestiRdds for
conbinatorial logic. [004] It is comopn to provide such conmponents in a

user coﬂ?ﬁlisgfwilélbgaé’r?%ﬂfﬁmwgtaﬁiiF?ﬂ“i&ﬁ“ﬁl?ii‘é’écesfrom whi ch the designer nust

sel ect and define their speC| fic configuration, prior to instantiating the
structure in their desi Typically these structures are inplenented out

of cust BAJESRGHRW OF 4 I%W IgAd metal interconnects that require a full

set of l"iﬁbf et Pnd ﬁh{)\kfﬁgt[ﬁ pB%ht% a esoeﬂ%ﬁ% ?e?%e@etft Bl catradafechrdRl drt: Ug:hnol ogy,

which a quires a masks he rest of the design, but can
pose a [Pabbloers,¥30s73%t 6,241, 6ﬁ4edi 2&@2@,;@a¢16é94ﬁm chhegropatapts. aU[TQ]@E]tO YOI Ae ot her

hand, fi e}, d- e arrays (FPGAs) are devices that are
corrpl et /'Y ] g’garammgﬁrén%gggﬁthe custoner's site. In general RAMs, ROVs and

processors, if available on FPGAs, have Iimted configuration options,

Cbf uncy RBRE Phe R0 PRI TRs e SR e P ELcE SRS SOt BRI BRRE AR ©
conpone ff%nﬂlef E6ibdin m up bl ahd immrmhem whichwnayes pattesredzd yfa singhd vig onasipl e
conponent s many o

and ar e 16 ﬁTlYaﬁﬁ’rg%Po‘lfé“ pﬁhgrgi? ﬁ@ Specific gnt%ﬁgtﬁé gﬁcrulltﬁ gAQI%e ) EEThEANdugy or devi ce,

defined in the prior art, but are limited to logical functions. Today, most semiconductor devices
are comprised of random access ‘memory, read only memory and processors, in addition to

general combinatorial logic.

[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 a full set of masks to fabricate. This is
acceptable for Standard Cell technology, which also requires a full 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.



same custom zation as is done for the rest of the design, resulting in
ei ther consi derabl e perfornmance and space advantages over FPGAs or

si gni fi canb 20&duggsbon in the nunber of required masks coeoparseshswobdb7
Standard Cell solutions. SUMMARY OF THE | NVENTI ON [ 007] The present

i nvention seeks to provide an inproved integrated circuit, which, in
addition to the teachings of the prior art, is personalizable, programable
and test globp. TRQBlredinaveatibspiokidss pseovf cdefigirablacmarcents, enany ohiwhichmafer r ed

enbodi nent, of the present inventian a sem condu . devic 0 kSl Ng: a

| ogi ¢ arfSHF PEFEeLer oy Sﬁmr‘ﬁﬁ’r‘ihfcgqrida”f?a (far B‘aﬁ%urcaéfeﬁ’g 2 Sgn%l:%‘ﬁ? ghgalﬂgé’ (It:%l I

conpri Sisife &lstonfasibn 8 dosdfor the résebf the desinalesidtitt iietha comsidetdbn | ayer s
overlying the multiplicity of logic cells for provi.ding at least one

per mane RerfernanesAngd sppcp H@W%WS%%%W éfgn%)foé?f"i‘td ﬁ‘ﬁ‘cil%ﬂtqge nyper, ﬁﬁ put s

t her eof jedifted fhdks ChBpsbPvANSHAehrE CEREAQASCT | s custom zed by a customvia
| ayer; and al so conprising a multiplicity of device custom zed I/O cells,

wherein the custom zed 1/O cells are custom zed by the customvia | ayer.

[ 009] T@Qm@%ﬁ%@fo?&}mﬁ\ﬁ}E@@Nﬂ a connection |ayers may be determ ned by
tom ze

t he cus I nterconnect requirenents of the designs. [0010] The netal
and via connection |ayers may be further conprised of |Iong and short netal

segment s &”"f’@dj Eﬂ@k&ﬁ&n{l&&ﬁh s%ﬁ%ﬁ{?@adamm%ve@mwgira%@dﬂci&mt,mai, iSegment s

connect e rs to periodica change tracks. [0011] The | ogic cell
may f ur tatéition teathergechings of the eripwart, imersonalizabipipragnsempie angesteble-he cust oni zed
i nterconnect provides for a connection between the NAND function and the
inverter. [0012] The logic cell may further include a multiplicity of

i nverter$008] dirhdreiseis sovidsl ic ernosinedvitioa pietsriod epbedimenfof thepasenthe

inverter, size of an guttgruat rragontl)qu -hanged wi t hout changi ng the permanent
cust oni ZBENTH BFEBHTREL OIS R ER" 601t celI's, and the selection of this
i nver t era 16¢ie BrrayBivicloding @ naultifliciey ofibgic eetisndaciatogicrcell comprisifid 185t ana leededi t i on
the logic cell %Ee ermanent |y cust.onj,zed.by. vi as, on 1?% i ngl stom
Via | oy e Fa i ROat Rty Ry e iRl BElRR P eP bR o
conf i gunadt hePAihanent customized interconnect between various inputs and outputs thereof;
wherein the customized interconnect is customized by a custom via layer; and also comprising a
multiplicity of device customized I/O cells, wherein the customized /O cells are customized by

the custom via layer.

[009] The number 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 multiplicity of inverters of different sizes

connected to the outputs such that the inverter size of an output may be changed without

2



bl ock, wherein the RAM bl ock configuration is custom zed by the customyvia
| ayer. [0014] It may al so conprise a built-in m croprocessor, wherein the
m cr opr ooweWee/hasiot he ability to access the RAM bl ock bpyTass@sarabe
read/ wite port fromthe configurable RAM port, wherein the configurable
RAM port al so includes via options for wired-OR-1ogic nultiplexing output
of nmultiple RAMs. [0015] It may al so conprise a configurable ROM bl ock,
wher ei n chiigifd@M prmatentastoatizediistecustectrievesin hogid ¢edls,cnd therselgétion|ofihds . [ 0016]

It may al so conpri se custom zabl e cl ocks distribution structure, wherein
t he custl%‘fﬁtﬁrasﬂﬂeén@'ﬁbﬁéﬁge#%Pg:c%?rﬁt%%ﬁ&urm&ture i s custom zed by the custom
via layer, and may further conprise a custom zable trimrer cell to fine
tune the clocks djstribuyti.on structure erein.t custom zabl.e t i(mer
cell isl8ddo 199 ﬂteﬂagl& ﬁ%if‘B?P( %F“P%%f\ﬁﬁ-‘( C‘tst%‘l‘%‘i PN e Sle ‘}S{é’nal ly
provi dedid Ry E By Hiad§iLanbttichlagerPTRS @Nvice thag FnG@t coniyiriso b confipupmbiesRoAl]

i nvention, a sem conductor device conprising.. a.logic ar.ra;]/ i ncluding a

mul ti pl ibéackywhsreip gigi RAMAIqck copfigupptiop &5 %‘S@E‘le%d%w&‘g%ti’??g}' i2)8Y9 east one | ook

up tabl gooi¥t alt &R WS ThinBAsd AHBE-fn RIERIPkLeRBr, Whereffithé nfroptbdeysophas tbgi ¢ cel |'s
for providing at I'east one ]Eer manent custaom zed |nther co n;;aag% bet ween

var i ous abisutogcesssithe R block hep aeprrategefl/ writs portdroptha Feuigy POTtand
further GOMRL irSicHth ArdbRTAGYPALNS iRAMD YRk oWTS! ikdl-ORB0glE MiAPIRERSSOr has

the ability to load or to read the content of the |ook-up table, and the
m cr opr cegsseimpltipleRAMabi ity to performtesting of the logic array, and
al so conprising a configurable RAM bl ock, wherein the m croprocessor has
the ability to performtest of the RAM bl ock.[0018] There is additionally
provi ded0915] ac Htonayatosomptise scopfigireble ROM hioeld ivherein the ROM bloele sqngnt is

i nvention, a.senm cond of. ice conprising: a logic array conprising a
nultiplf%ﬁ?vuggqbgé?%g%e‘%ggségch | ogic cell including at | east one
flip-flop; and at |east one netal connection |ayer overlying the

mul tipli g{ oiidentical 1 ogic cel 0 .oV di PI Astin Qe pernmanent
cust oni z[é q)fnt AR R %lﬁto\rpéﬁlb%tfioclk?\%ﬁ ﬂéhtgdr?ggg% rﬁh‘?s "

customizable clocks distribution structure is customized by the custom via layer,

and may further comprise a customizable trimmer cell to fine tune the clocks distribution

structure, wherein the customizable trimmer cell is customized by the custom via layer.

[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.



t hereof; wherein the custom zed interconnect is custom zed by a customvia
| ayer; and al so conprising a multiplicity of device custom zed I/O cells,
wher ei n twe 20eszt198zed |/ O cells are custom zed by the egstusmosiozszhayer,

al so conprising a configurable RAM bl ock, wherein the RAM bl ock
configuration is custom zed by the customvia |ayer, also conprising a
configurabl e ROM bl ock, wherein the ROM bl ock content is custom zed by the
cust om \de 8| ay @here &l %ldtttommrprmtdvg imaccusirowi ittty prefotrod ambatiiment bl | o n

EL;;J gﬁnu rf)gcﬁerﬁh \{eﬂ éonc g S?nalﬁ?r{;ltu toT e%l?ce%o ¢l rci)sci ra](iit%%ié £rta8r ﬁtﬂszla%% Hﬁﬁt '119

g! stri Eu@gtﬁébllstdablctolgrce:enthﬁliﬂgsatmasls»haﬂip ﬂapaahdtg at each stage of the
istributjon to majntain a recarater de ar.dl of the

cust oni Z"élei"%ﬁn%?ettalt@neffélf’&l?gﬁ Qé'e'f L}@ﬁ’eﬂ% 8% ?%W?ﬁsglc Ceeiﬁg'sf(éust oni zabl e
trimer #&liding & 1éasﬂ@1etp¢ﬂﬁantemuabmrzkas lmbrsdnnedmuemeen wdrioucingute anddigpias n t he
custom zable trinmer cell is customzed b custom vi &y[?ra%n [ 0019]

Ther e i dheserd; whenesy the CustoayzedpiescAInee!ds Py ée AUy Bt A%odi nent of
the presgpbrilify §Hﬁﬂtgiﬁc@y bR Ge AlstoRizdddrPEdls] Wigkreif tHlhbtbilzed /Oyceld are dent i cal
| ogic cells, each ntical logic cell conprising at |east one | ook-up
tabl e, reustamizedAnBECHEPMIVIAIRYSE over|ying the multiplicity of identical

| ogi c Cedtéo%oﬁlgﬁsx@g LVbiHoRabRIR AN BRck ARRrde IRV ] ek SbieBuzAidn 6 I ect
i nterconnect between various inputs and outputs thereof the |ogic array

lbel ng destgmizdd divdhe eusiem Yimlayerupleq sasaising Cetﬁsuw& §RPM Blpske Mhoredths dent i cal
0gi C cql by itk RBEeR gmt].grb o bakist i RMsepet ernined by the configuration
of the I'ooK-up t %ie lsafg) 20 fﬁ[fgre IS adgc“l%tel ‘onal | y L)row ded in accordance
with a pisfeompasingabatinieshe décks ﬁetrwne@mttuctiurwe/h@rﬁ@rt eeusEmiebidleksdr devi ce
conpri si LicC f in which at | east one of
t he func({llg%lﬁugOrringrIE uEre lsléélgtém%%fb%%r% {Aﬁ,l‘ﬁ%b?%(ock wherein the contents of
t he ROM vilepsik the Sustoratzalie zbcksbiystlabmnus stoweture mmconamﬂ leadingabeach siage off t he
functio cks .is a_ confi WhES uration of
t he RAM qﬁ? glétﬁlgtltéon tﬂgtagﬁ"?lgggre%&amctgﬂ% I?%*&éeser 9&1%6 ?at]%lﬁ@ Itﬂ% of netal
connect i qustomayelagerpadr | yi ng the mul ti pI icity of bl ocks, to provide at |east

also comprising a customizable trimmer cell to fine tune the clocks distribution structure,

wherein the customizable trimmer cell is customized by the custom via layer.

[0019]  There is additionally provided in accordance with a preferred embodiment of the
present invention a logic array comprising:

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
Jeast 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



one pepnanent custom zed interconnect between various inputs and outputs of
the multiplicity of blocks, wherein the custom zed interconnect is

cust oni zeslohyodihessoustom via layer; and a nultiplicity etrdswiemeustom zed
/O cells, wherein the customzed I/O cells are custom zed by the custom
via |l ayer, wherein the customvia layer is produced by wafer exposure
directly fromelectronic data of the customvia |layer. [0021] There is

addi t i onaydryandrakeadenk ofithafupctahelr bleds srxodfigratile BAM bleclpvdseitthe nvent i on a

sem conduct.or device risi.ng: .a.logic array.including a nultiplicity of
| ogi ¢ cefd g‘&ﬁ%“ﬁ%ﬁ‘&iﬁml%ids%Eh"ﬁ’&%"t%?"gr?‘i“%tﬁ‘é‘)rlvafé Bt 1 yi %g the multi pl i 4 ty
of | ogi ca @@ltipHcifyast njetdd eoithiettipnahyekaasilying thepaultiiican df Woddspoi previde nt eagonnect
bet ween vari ous i nguts. and out utE t her eof , wherei ai d st om Feg,

i nt er confisermaneRt UstgRizod fpigrconaect betwsen YArigus INpYLs an %@P‘meg‘ﬁﬁ%@#’ '8F said
_rrEE al anef M(%oﬁs,ﬁﬂﬁfb%:ﬂ{b @‘Ebtdrﬂi%tar itok@nfiet ﬁrcﬂsgaﬁﬁed)vy thb eustats viaThyRednd _

i nterconnect, requirenents of one or, nore designs,, a one or nore designs
are sel e%%ﬂlpllﬁityr@?ﬁYl?%wém%?Fﬁ%ﬁ) i EerR g@&%ﬁmﬂﬁFWﬁawF g cysto I gnd

Vi a conngeih eistdrdVaSrer, Whereld e Rk via M elis ProiQEaass tvi48t dxposaresdifettlyt her
conprising long and short netal segnents, said |ong netal segnents further

i ncl ude Hemglecteugdat of thosHsont Walaysr | unpers to periodical |y change tracks,
and at | east one logic cell further includes at |east one inverter and at

| east one NAND function, said custom zed interconnection providing a
connect i 982Het ibers isadditionalrprovided ingrprefpraedseambedimppeef the preggadlingertionai pl i city
of inverter i &5 WA riMe; t DS il R 1€5hdtRetai d

out put s, ge\%éorn g‘lgcrtlgjsdcg{”gé der%ﬁvperﬁr%'réls%%%ealrr\é&/&hjrgﬁ%%arﬁgg%l%ﬁ tofe)q '?: ec% angi n% sai d
per manenandotisstonnéctien layers everbiingstbe mubiplieienofllegi¢ eclls &oripsovidinglattleast onever t er

size is | ect fter. .pl I is additionally
provi dedEe%ﬁg%nggugégl%gd&gﬁgﬁng?{n%@gfV Er?%tél rgsaégtg %ﬁr‘]t\s/gﬂr%?elro?fn a sem conduct or
devi ce cwhgeinsiidgustanzatinerannay isicngbmttedby aralstanpliadayey and | ogi ¢ cell s and

e ol A G QR BEE LAY hagbh SNt bl Bl G 28 el |
requirements of one or more designs, and
one or more designs are selected to require a common number of said multiplicity of metal and
via connection layers, and
the metal and via connection layers further comprising long and short metal segments, said long
metal segments further include metal segments connected to jumpers to periodically change
tracks, and
at least one logic cell further includes at least one inverter and at least one NAND function, 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,
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per manent custom zed interconnect between various inputs and outputs

t hereof ,wherein the logic cells include one or nore | ook up tables, which
may be pewoaneniikgsocust om zed by the placenent of vias eoTassed@be2rust om
via layer, or on a single via |ayer other than the single customvia |ayer,
and netal and via connection layers further include short netal segnents
and junpers in an interleaved pattern such that the junpers extend over or
under ongheddin tHRINELISEDIE incliit ahe Srapore ok up@423] whitkemay be padahntatbnal | y
provided in a H ef.erred enbadj nent .of th? resent invention a sem conductor
waf er cdiiPIe &yﬁlerﬂﬂarcfli"‘ﬁrftio Viey o Sipele (gg)l"'ﬁja@%,mt he reticle imges
conpri sidht sindlBHik 1a9kd sthdrhaafthekifde eustoOvih Zgek, Byd a si ngl e custom zed via

| ayer patterned, by an_ebeam _and . t(f\l intere\iﬁgnnect bet ween .t he di e,

wher ei n B¢l af i cgpnactien \W@Fﬂﬁhﬁfyﬁ@é & SHEY B¥a)Seeegis g Brope of each of

the retijglefedvE@PRRm FOK tHahBe judlpefd RtendBHE Dr fbtlel BRY or@EUFP ol igaldegments
mul tipl I[ﬁbgtg»% of different sized dies, and probing the reticle inmages is
S

done wi t i e icaierrionalpt rspededp g predegredrenbedioren o esprese i ERAN NGS

[ 0024] Téa@io%&&?d?kva'fé?\é&ﬂ 1 Ghk Phbliph&nordaicrtifagesand appreciated nore fully
fromthe follow ng detailed description, taken in conjunction with the

dr awi ngsth¢ retiplaiimpges poopbjingm wpltipligity of digp pystanpizeddpy; 4 single ¢ustonyzedgia lgyer

sem con ' | & btk i vicof | 0gic cells, RAM bl ocks,
ROM bl 03‘%@%&%{} %de?olggl,ﬁ%gg égdlg‘ﬁ%lg?(ﬁgéttsb%ﬁegﬁ iteohe(’)st ructure; [0026] FIG 2 is
a si mpl iWwheeein el disstonghd waferohayabd tegiédewitlet singlp preba ofgach ofithe raticledapgry, a

erbodi ot oy =i B E LAt ATh Rty o R ARG Sl s BpPRELAEIRG

t he wi rimtclé ayeesisidone witlow sidgla gopmpmpbatardust om zabl e i nt erconnect bet ween
the logic cells illustrated in FIG 2; [0028] FIG 4 is an illustration of

the circuitry of a single via |layer custom zable 1/Ocell; [0029] FIG 5 is
an il | usBREF DESCRIPZI@N SIFOTHE DRIASVIRABS bl ock, i ncluding single via |ayer
personalization;[0030] FIG6 is an illustration of a bit cell for a ROM
bl ock; [0031] FIG 7 is an illustration of a configurable output buffer for

a ROM or oAyl blTns kiesdr® @¥2htidnlvidl b8 uhderddod dnll upgrecidtedinorffully femthon of a

configurabl e clock distribution, structure;, . .
g following detailed escrlrption, taken in conjjunctlijon with the drawings in which:

[0025]  FIG. 1 is 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 /O cell;

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

personalization;



[0033] FIG9 is an illustration of a configurable clock enable, within a
configurable clock distribution structure; [0034] FIG 10 is a block

di agr am ofoQosnagdsbons bet ween an i nbedded m cropr ocessecTandoostbary on- chip
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
multiplicity of Look Up Tables with inbedded | ogic for configuring the Look
Up Tabl 80300t 0 FEG trévvonrilustfaOQBdt]a Hl @l 1@ 2 ROMIrbledkt ust rati on of Pads on the
outer row, [0038] FIG 14 is an illustration of a progranmable |ogic device
(PLD) structure conprised of logic cells; [0039] FIG 15 is an illustration
of a waf[@p317ep Fi®r7 i6 us tinsiaion 9f atdrifigplable detputingfeo for e ROMaf BAM plodd0] FI G
16, consisting of FIGS. 16A and 16B, is an illustration of a wafer
consisting of reticle inmages, which contain nmultiple dies of different
sizes; [[@pht] FIE 8 i én liRisiPatidhags ot of avoafiguthide tlotledisttibmintsiriduret est i ng
all die wthin areticle image; [0042] FIG 18 is alternative diagram of
inter-die test interconnect within a reticle inmage,[0043] FIG 19 is

al t er nat joygs1di 395 IR & ilifstafBh 6f £DnlizurbklOdk drlaBle2Rithis agofigagibenlak a

t hree-input "I ook-up table (LUT); [0045] FIG 21, consisting of FIGS. 21a,
21b, anddigtiibution|siryefereat es vi a configurations for a three-input LUT nenory
cell; [0046] FIG 22 is a prior art exanple of |ong segnent
interconnection; [0047] FIG 23 is another exanple of |ong segnent

i nt er conf9@34]i oG] M0a8plock diagram qfsomnsctians hefpveen Himbsdded muErgPIOETHN 2Pd ons

bet ween the ho | ayers of four |ayers of interconnect; [0049] FIG
25 is anOtl Trlog'scé‘%pg[{@%(\r%@of connecting segnents on the fourth | ayer together;
[0050] FIG 26 is an illustration of connecting segnents on the third | ayer
toget her [0035]  FIG 11 is an illustration of an addressing of blocks within a configurable

semiconductor device;

[0036] FIG. 12 is an illustration of a multiplicity of Look Up Tables with imbedded logic for

configuring the Look Up Tables into a memory;

[0037] FIG 13 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,



[0051] FIG 27 is an illustration of connections between segnents on the
top two layers; [0052] FIG 28 is an illustration of the bottomtwo fixed
segnent |wpens01j§053] FIG 29 is an illustration of thecragiosm2éixed

segnents layers; [0054] FIG 30 is an illustration of four netal |ayers of
t he physical custom zed interconnection structure for connecting the
programmabl e |l ogic cells together;[0055] FIG 3 1 is another illustration

of two niBD4d] | AJ6r Y iehltdrivaivpiagianedf adogit cali; zed i nt er connection structure
for connecting the programmable |ogic cells together; [0056] FIG 32 is an
illustration of a |arge region of progranmable logic cells depicting the

| ocat i on@04f] adiiG 0 dnediagramieif s tieée-inputdockegnebie SLUTIV057] FIG 33 is an
illustration of |ong segnment connections; and [0058] FIG 34 is another
illustration of |ong segnment connections. DETAI LED DESCRI PTI ON OF VARI QUS
EMBODI MHY§45][ 005Q] 2 1ReSRISERE 6 F16:S NDe, TlendtX] ¢ FillGstrates vishtosfigurations forapl i f i ed
illust rat&l@gn of a er sonal i zabl e and progranmmabl e integrated circuit device
const r uctEg- B LEFareRary&ellin accordance with a preferred enbodi nent of the
present invention. The integrated circuit device 10 of FIG 1 consists of a
|l ogic array 11 conprised of a nultiplicity of logic cells 12 with netal
connection layers, a nultiplicity of configurable RAM bl ocks 13, a
configurabl e ROM bl ock 14, clock phase | ock | oops 19, which drive a
configurable clock distribution structure 16, a built-in m croprocessor 17
and a nultiplicity of configurable 1/O cells 15, each wth associated 1/0
pads 18. It is further contenplated that a varying nunber and size of such
devi ces may reside on many such seniconductor devices. [0060] Reference is
now nade[00é6]F|I BIG22 whipgbr darbexamplsrof lahgtsegnieatiintdr¢anseatigni on of a | ogi ¢ cel |
as previously described in United States Patent Nunber 6,642,744 to O - Bach
et al. The logic cells are preferably conprised of two Iook-up-tabl es 20,
connect ef®04Tr oUg@. 28 inahdthqoleanaple 8f ldng segmeitlintprcbrgpti®®2. Preferably there are
al so 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. Pref po4d] y AiGe24 Bahdllwsabtion ¢fffiMed c@imeetivais beitvped the déttormatwbdayesmfidatred t o

the met afayersa Xﬁnterconrtler(]:t

[0049] FIG. 25 is an illustration of connecting segments on the fourth layer together;
[0050] FIG. 26 is an illustration of connecting segments on the third layer together;
[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;



set of vias not shown. It is further contenplated that other conbinations
of the conponents shown in FIG 2 nay also be used in logic cells.[0061]
Ref er encewdosmmug@de to Fig. 3, which is a detail ed il lpgstusasoisonsef the
metal and via configuration |ayers, again as previously described in United
States Patent Nunber 6,642,744 to Or-Bach, et al. One or nore netal |ayers
are preferably in the vertical direction 30, alternating wwth one or nore
met al | apes3 t HAG. ai eis pmefher dlbisiration o ewd andta olayad o the gthysical 3distomized

Furt her rr.ofe re.ar catio wher e ctiv ection between

th I s 32 sel onpneg
segment sTISCOPRE lﬂ%?tf‘%&ﬁ? C?%ng%}ﬁ@prﬁ%m@@ﬁﬁfi?gé‘ﬁceglfl%ﬁgt@e%f sel ective
pl acenment of vias on the via connection |ayer up tojunper segnents on a
vertical |ayer, and |locations 3 ere .sel ective connecti an between
verti cal [Oggénerﬁlg'%a‘ﬁa‘b fu&%‘ﬁf‘@? %mgfye%l%o 0%{@1?’8’8&?\;‘25%76338%?{?“%81?6 vias on
the vi a peRRessH MbitloAd SyeBAMbn! @e%':mer segnents on a horizontal |ayer.
Furthernore, it is contenplated that nmultiple vertical and horizontal

| ayers can be connected by sel ective placenent of vias on a single via

connect i @gsT1aY &G, iﬁs@@@luuﬁiﬁa&r_ﬂeﬁ%mﬁ%%%mwoqﬁaﬁoﬁs@aﬂ g. 4, whichis a

detailed illustration of a single cell, a multiplicity of which are
shown in Figure 1, reference nuneral 15. The 1/O cells consist of

di fferenfa'geé] rgﬁgi yzﬁ@%n&%ﬂermtram'o%ngrs& nt chmedifoh$t at e buffers 42, input
buffers 43, "an oundary scan JTAG i nCertace 44, configurable into many

different types of input, output and bi directional 1/O buffers commonly

used i ne%)ﬁgéh‘%ﬁﬁig&{gﬁﬁbﬁ (gpmqi%ggpgtﬂ ? obfvE&k§eNP! i shed by connecting a

fixed s net al segnents wt selective placenent of vias, an
exanple of which is shown in Figure 4, reference nuneral 46, within the

desi t I 45 w t hi I . Pl j t
cont {gur 0He” 1oeBRe (el pileto TR, 1, MRGRE A imbEALANEhakon blpellfiuliAtie’
array. [a0G3jgriveiebleteprated cimvit dedee doostiicpd rad &perative hadcerdancd ertithid ed

illustration of AM Bl.ock, a.nmultiplicity of which,are.pl on the

oo 1 reed bafedingts O Stoshs FRlekifh P gRled iMoo i G BRRREATTS 25 1

rows andconikts N s logkcaiay 1 0voraprissAbf cahltiplicisy cfedgectetid 1Dwith nvete] dornectionS 1

enabl ed an address qn se f ress.lines 52 .d d.b ddr ess

decoder gé‘?m"ﬁﬁ’é‘ﬂ%‘&’& §88°“%1§Frla lemgﬁj"éﬁs Eé’taaf’oflﬁg%%bl? g@@f@@"lﬁgﬁ’ gﬂf om bi t

| i nes S54pabSREN RApAIYMAIch@Fivy & BortfiguRBR%Rck distribution structure 16, a built-in
microprocessor 17 and a multiplicity of configurable I/O cells 15, each with associated I/O pads

18. It is further contemplated that a varying number and size of such devices may reside on

many such semiconductor devices.

[0060] Reference is now made to FIG. 2, which is a more detailed 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.



anplifier logic 55. Each RAM Bl ock can be configured to read or wite a
variety of wdths of 1/0O by connecting a set of fixed netal segnents via
sel ecti vewplagsmesyy of vias. [0064] For exanple, if twopbirtts2@b00422put are
desired, via |locations 56 and 57 are selected to connect both the colums’
sense anp logic 55 to address 0 of the columm decode 58. The vial ocations
59 connecting each colum's sense anp logic to its respective |I/O buffers
60 are gbeel]seRertsbe ishasthade td Fig. 3/Iv&udhdﬁ:atl«ttmlbdﬁlldstrgm@wfdhengetalrwdwraput to

the colum_address logi¢ 58 to sel ect r t he
via |l oc éPP%%at@gﬁ%yﬁﬁng%ﬂ ar?d’“f"l‘r‘&‘sg’ ‘HS‘P‘“I%EG 3665%8%Htelg'f'? 3%?'2’7 %Ppar e
sel ect edyr-BAen! A81. OB OF mb@nﬂetamiye&r&ryp@fmbly iDteufeitenl difect@s3o; etkrmdting menor y
can still be conp Ietelﬁylgused sel e i)‘lf rt of the, V|3611 Eocatl ons 63 to

connect Vel @eph MO A Yef%thétrﬁr%/préﬁéa OF‘/Z‘@“EJLWF@I% PERSRG: t he vi a

locat i ony e afeQGRRRESS while s&é@tﬁé E@ﬁledﬁaﬂ ibGtwieh $cdRiefi B hadlBhaSRydrinks,
sel ecting via locations 56 and to connect each colum's sense anp | ogic

to its mo@éle@#ﬁym¢’@§bcq“ierpéace@?m of wipgen thA yiacopnestionlaksrivg o BEPED t e
toget herg @H&r@s GP YRS la§§n§rﬁ1 18EHohL 3 Gherk Belbdtive chieBidambetveh Rerfi@iumms are
separatel dressed to'read or wite data through the single sel ected 1/0O
| og :c c. Isghothmapnbeemmpded by uss ofsedectiyeiplagerisniofyiasop gheyigcangsdion [ayey t o

confi gur

cel coti G ik fegBiehitn andiapll HNGL Wbt o AR R RTINS

i ncl udesveBiatlanddbtinomsal ddyerseambe/conatdtes], byshlieetive plasegntiobrias prya dagle ¥8sabl e by

N addi ti onalt umm address lines 64. [0066] In one preferred enbodi ment, a
confi gura?B]ilé Bl ock can be constructed in a manner simlar to the RAM
Block illustrated in Figure 5. Li such a preferred enbodi nent, the bit

cells 50 stratedln reate et.al l H%(I cel |

cont ai ns[oggzﬁr akrﬁnﬁ? 156’§Wv5ﬂ E’@Ué Vg"(fh lsaflgtﬁlrlre egHStr%tl$ﬁ Oﬁ%?%l ed tcgi |tat s word

line 5 Ima 1di|ﬂya;lf Which aﬁeedhewhnn/mgmeapremrcedummi 155 'Ime[I/(Drm'llscdnsist ofi ne by a
he vr

via 69, pre a on ayer .used o.cnf' ure t | oQi c
array. f«f?rﬁ@raiwéverﬁ He»> Exe géiﬁlﬁerl 3gﬁr ta{ﬁé?“ﬁfgrééEblﬂP bB 4? ’rﬁng%gltm%gla’ut put ,
not bi - dichertA® Gérfac B chhf@oukdbld inRGhahy Xt typenbfinpurcduysle andig- out put
buffer 67, as shown in Figure 5. [0067] The out put

buf fer GHIeSHRARLY bufferg G?rémsnlyruéedéi% ety nThs &J&J'@“r?mrf K a?‘??i"g’lﬁ @5’8 rred
enbodi MeRhinechfg B idch SN HRhIQciRer®WitRthe ké1sdiat Blabthdneof Viad, aﬁreﬁarﬁb’ll: gen

which is shown in Figure 4, reference numeral 46, within the designated locations 45 within the
I/O cell. Preferably, the via layer to configure the I/O cell is the same via layer used to

configure the logic array.

[0063] Reference is now made to Figure 5, which is a detailed illustration of a RAM Block, a
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 53. 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 output 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
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by the data line 76 and the enable Iine 72. The AND gate can be sel ected by
tying off the tristate buffer 7 1 and connecting the AND gate to the

out put. Thowécs128380npl i shed by placing vias in the sel ecrag2sism2d2ecati ons
74. Alternatively the tristate buffer 7 1 can be sel ected by connecting the
enable line to the tristate enable input by placing a via in the proper

| ocation 75 to connect them This selection allows either nmultiple outputs
t 0 be cobegivnoIdicogkestingaaceaienn’s eged dvey logicho BnresiRclivinid® boficrs @O avd aled

together. In both cases, the vias are prefe nthe via la used to

conf i gur¥lseld: ﬁ?fg?'ctgﬁﬁaa\(iﬁag‘frb6%@]0“?@‘%&15r%pé‘{ ﬁ’gh%%oﬁ%é‘idr?sg?%lwgﬁg{@ 8, which
is a det s%idcﬁlﬂe flop@rdRBadell addreRahd ﬂn viflodaiensc ?31 é(#lgelclrtmg Itl&ddxkamwk L@m bbthut i on

structure shown in Figure 1. The firs evel o ock distributi i

mul ti pl i P OYies: %ﬁ‘rﬂfﬁcgegi %S&%%Eeféﬂel}‘{ bftrqn e i prdper s, AT nﬁlF Ht?ﬁ%"hg{]i‘f‘:‘ Zr aor

froma F’slem,be\@bitnﬁi%teily_sus% by SdlediMg Bt bitRdNia ki@, 630y coiictt sxgriah ig@ipoopr i at e

via on one of e via locations 82. Preferably the tgLL has .t he agility to
set the Inleerrafdse IAhuifa selegmetheip logationp@s tRicannest the pxtenaldagic fpdhe

al t er nat d 6%y addfes@ ke, BEIEHRE ¥ RAo@BRIS RN 66D BbrfhedtieBh3RIME§ 5hdd aniPi Nes.
Each Vertical spine drives a multiplicity of identical enable buffers 81,

pr ef er ablogicamiss ovr cabuiomaddsrss e japhscbicting? Viaderetion &pinidioestherSA pref erred
enbodi megf, 4 hets @érﬁglg hich rthi%?&%l%}] ot %ﬁs@r@&?ﬂaﬁ:ﬁl ddafesde@o reh®br
sinmplification, Elg e~8 shows fully only one of oné€ collection of

hor i zont wititesipiarierougf the sifigle a¢lgeted O fagéss ilh bethwases.jthayiasase peterabinen the viaj cal

and col lﬁfériugéhstogﬁxgﬁ%g%]tﬁgmgﬁlané?i nes are represented by the vertical and

hori zontaf "|'i hes own-In FHgure 1. Each buffer 8 1 of the Vertical
spi nes can be selectively connected to one of the collection of horizontal

spines b e | egtive placenen La e _of i i a
| ocat i on@ogg. gﬁg?@rta%%/a%pgeﬁc ngvéegcg{bgreelé{%%n P %}3’%’5}} tz‘ix%l cgg/%rﬁlséggllg}ntagj %g%f i gure
t he | ogi &peferray embadimeltdndirien 2l colpineoformsirg talspvhiblufeepto®iy a trim

circuit 86, via laqcatjons to roufe around or connect to the trimcircuit
87, dist? Bﬁfﬁ'b%*y%f‘#dé‘??ah?? a({?feﬁs{l%eéa%‘ons 88 to connect a horizontal
spine clock to one of two clocks on one block of logic cells 89 in the

| ogic array, Preferab uch via locatio r the via | ayer.used to
confi gur @Ogﬂe I%@F%Prﬁée?rﬁi‘?m e‘@r?a‘iﬂnéglﬁa?ﬁ? gpiﬁgfgglﬁmeicﬂnﬁ“éﬁ?@@, further
cCoNnpri segamiefsihardb i A MOBLEk Blabteedd il Bloyrec MACsh atefeed emtbedidhdnt,ihd | ops 90
into the input of a latch

i ; ) 91, all .of which arcg at(i)gl}t bM t he cl ock, 92, the
out put obit ¢l 39 a@ea{l]@gtragw ip geeater getadl igFiguss 65 Ed Bﬁ%M Rl gpnfains a transistor
68 whose source is grounded, gate is tied to its word line 51 and drain is selectively connected
to its column’s bit line by a via 69, preferably a via on the via layer used to configure the logic
array. Furthermore, the sense amp logic 54 need only be a tristate output, not bi-directional,

and the I/O logic 60 will only include the output buffer 67, as shown in Figure 5.

[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
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| ocations 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 twe 2ewalksosi gnal does not glitch the clock. Usectasbhiosabder 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 i n vittgat OR Hahctip) OF AfreReibethanebotiscanesythraiie atepréfergbly en U, vimhiygh shows
the 1/0O to, and om,the.m cro processor 17, shown in Figure 1. In one
enbodi né’r??dforﬁgnég%%@g%%‘c‘?rgayan 8051, with four I/Qports, and an RS232
serial port. As the diagram shows, the input and output fromportO 103 is
dedi cated to user defined c jcatjo Sel vi a I atl ons ;hetween a
met al | i Q@68 oRefersnge dop 1 %GT{” E’@“Wé‘e&’ ich 1‘@9 rtl‘o(?gqf?' “ar r ay

(not showgii Lﬁfhﬂl@Wo@l@distﬁﬁutldﬂ%tr%tﬁ{e@Hé@@ﬁ&ﬁ@fm 10@hedﬁl1’sl leg:l apaslaad dispieutihi on of
the Int egra%ed circuit (I rt 1 is _copnected to cont nah*sg[’fl

necessarly 2 puttintisly oItV erHiead SP‘&F% §Qrsd“|‘fﬁ‘}j‘é§1%ﬁ°r8 e pu Byfter gy, Wn&

operat i 019 dn%ad?/ ah%%ut e}, Bndiie 'ﬂﬁ'ﬁ}ﬁpl%?ﬁﬁ@ $ia oRldfle bEHEVia IBER 81 Y these
control al so inclu contr o set_the PLL cI ocks by sel ecting

bet ween Rre ﬁ%@bbﬁbél’bﬂ« besdhe F@h‘ﬁfé‘i’]&q’f the frequensh andsrhapgofghe,¢logkstyseBa setiner .~ The
| nput  angqaug aﬂfé}naﬁoisﬂ%g S%Mgpr%fa rﬁoﬂﬁgén@ﬁfeﬁﬁré L) V%cﬁl {\S/?ﬁ'l%i eEacﬁfVeﬁﬁ:Bﬁ

bet ween processor e l ogic cells and | ocks on the IC In

one enbominesinives dwulktpligityof mtlwbmaélqbuge@ Sparefeablyome &gershyenllagion %or t
connect i in
e e L R A T S
Port 3 i Eortssmﬂlﬁtcano&ufxgury 8tshewsfidly esly ohopf wr@a;dllfn?gompf mrnzontﬁlgzptnh@oiii@r The

252 POk SSRRESH B eSS A SRS R s GRS 0 e
addr ess Iemwntbﬂlbynmwabdndﬂioezometlémesam Wlbind“c@rwlaEadhé)uﬁ%nﬁi pithort 101.

Control and address i.C | i nc I 1 and
Port 3 of “ft SWP??rCB’bLBg YC?‘B’C%@% g0 HE‘E c?lgﬁﬁ%n P gflongér:\iéé %ﬁl\ﬁ ocks.
Figure %é&fi@/ﬁ%dléﬁﬁﬁﬂﬂfaw 1ﬁ@dé elBesvailfibloviadtdcatiafs $0drefermblyl sich ¥shre a | ogi ¢
array, and RAM bl oc 111 wi t an I1C. Al the f eloglc
cel I's i rPethe KaaysERse %C%gg‘%g@gg%‘ﬁ ARy s@ﬁlﬁh?rﬁ@n?L@?I&acf’ﬁg?s[ﬁmfah'gyfe&t Li.’t hr ough
t he dat a; @4 Eirch@ 2865 b@%batlbhsﬁb eddCardithd oﬁﬁorﬁllaa\mthemrnﬁlcgulhe SI,ZilsttIﬂnIti@nn each
bl ock of | ogic cells whi ch consi st.s of (g(glC ce} } 13(‘ there is
tp@ai:e two clocks$ o

addr ess bBuffers; fgamd ¥ip E’i"atlctﬁ‘éjlgé tq sonneel adorzudal éﬂ’lpe ?lﬁ n one

block of logic cells 89 in the logic array. Preferably such via locations are on the via layer used
to configure the logic array. Each enable buffer as shown in Figure 9, further comprises via
locations 96 to selectively connect one or more flip-flops 90 into the input of a latch 91, all of
which are gated by the clock 92, the output of which gates 94 the clock 92. 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 I/O to and from the micro-

processor 17, shown in Figure 1. In one embodiment the processor is an 8051, with four I/O

12



cells as if they were one contiguous nenory. [0071] In this fashion, a
stream of external data may be | oaded into the m croprocessor for transfer
into the woNodwmedks and LUTs within the |ogic cells, angcaaisaamyse
scanned into the Flip-flops within the logic cells to conpletely configure
the IC to begin performng a particular task. In one enbodi nent a different
configuration of logic, nore suitable for testing may be | oaded into the
LUTs, anplortmaﬁﬁdeerSZBEyertaepac andthe diagiam shaed) tiof inpltand dutputdsonoporfol 10p-if | ops

such tha nor sed aut est. atter enerato TPG vect ors
e GsiRleTo uef eSS B AR, SHediiEin R BrERT S BeRLuAI Tl o 1 o
sent out ﬂdrhérmuﬁ&méﬂaBseBSEﬁgwﬂHMthe Iogic bhsy (ot ﬂmwhhﬁldme lof the Meiyrop@cesssrbdi ned
into a checksum o nat ur t Cro cessor anot her
ebod) ol ARG PRI PR ISHRT LN HE PR FERt Oy Fag T eonpedtit i BEtStensla: o ¢ he
ROM bl OCKecéﬁa@%Me IO irftd GatoAs AoBds ‘%ﬁ rhtiteh, MicB8s h&mhf@e?h‘h@ﬂ%&an\ftbﬁ 1Logations
such that, upon power- ﬁGi)of the |IC, e m croprocessor reads th

é

conf i gur &td Memertascess. and fepe: Frofrablythase coniolsigaels alsafnclde sontesls tﬁé?téh‘? nto the

LUTs andpRAMoBlafksSiectpthelviRf flr&ehds clddR %&&h&és ARPRERs ;@en QR B&ARarEf.
val ues; |loads theminto the scan stri nq?s of p-fl ops; ocks the logic

array; sEbmiapeand prputsmoet W2 efe dedisated fothe tremier ofiéria W@wre@wr,tWRSo a
si gnat ur G Qe et rcaﬁs%am BIOERESH R 1 x&bﬁéemu%agn&hﬁe m&eﬁsscomﬁl 2

resul ting signat a signature stored 1n ROM nenory. thi s tashion,
t he chi psapamtep@nfconﬁﬁuaabdmmm wnecceditoithe dipes KStfrom adgopor ﬁyfoeszltsewm andat a.

Upon det L, I r can
pogi n | oHHG eSO e RN Bk R s co B BRI <™ ow
made to f Sgpplg thba,ddrassﬁodewyg ofi WﬂlmrgttheaLUEn Tbé¢ RE2aL poatyio canmedted diredgdiliocat ed
P/ G (po on th r _row. Ther I

si g ncglp V\QQ é)%ngr cgekag icgiss%o 818 1crcg>aoc§ss I an héal re?t of gg:\;elvglr T%V\,i/hgrfoal%gg§ %11‘5/\0 137,
The sig nalthepaﬂhaese atteraalahenc@n nethe ittérna rROM (Black via thvmemgty partr E011@8ntrdFi gure 4

I hows I 4 Fi t
Mocat; ontrsgrernlydp D PR fe” soirdelbS i, O 1R Tt BB R or ound
pad 1?7 hdﬂr&@&le%gmﬂf@ an8 RV dlockd) dFiddied pbms%mlyryladcﬂleﬁzes d»ffbldcheoﬁedl cat ed
power gr

137 .is used f ower | as 8
PPIT oot BeiceRof od Aresde e\ iocks 1 kR an R Al e Bssachs St e ne
pover 136gicARNs Bicdélblodkasin 6@ bccBRed B éamfin@dhe HA®)in and out through the data port
102 shown in Figure 10. As shown in Figure 12, within each block of logic cells 120, which
consists of 256 logic cells 123, there is address 121 and buffer logic 122 to access all the logic

cells as if they were one contiguous memory.

[0071]  In this fashion, a stream of external data may be loaded into the microprocessor for
transfer into the RAM blocks and LUTSs 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 results 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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power or ground pad. For exanple, the inner signal pad 131 may be connected
to the 1/0O power or ground by placing a via in the proper |ocation 139.

Fur t her mowe,20édio1idye dedi cat ed power/ ground pad i s unusesgcTaso0sf262be si gnal
pads nmay be used as internal power or ground. For exanple, the outer signal
pad 130 can be connected to the unused third pad by filling a pair of via

| ocati ons through power 135 or ground 133, and then the unused power/ground
pad can dighedonthe aliedpioyesidrirtdds theanmfidueatiop datn frofn the ROMyderds tregest 0 i nt er nal

power 136 or ground.134. 1n a preferred enbodi t., the via locations are
pref er alﬂoﬁ}g%}ﬁg‘tqqgla?é’?fﬁ%?ﬁ %&%@B#{AA@ &%gs’ﬁqgrqp?)%%ﬂ?"cgﬁger 153 psteH&eo g%(%ng array.
[ 007|3] I Ranysit vaade@,tlb%rs t]EHnefnﬂil’ the ecag rmilcnlge; cmf_Epr-ﬂeﬁs;blmekslhekggtarﬂam;\,semtsioundt he )
netal interconnect t ween ic cells in ,an array nay. custom zed. suc
that  ondhofoniaRfp! sLapHioBS peits e suliy A5iEnH Gy oA AEcrioe 8UPRY Oh ¥ by

pr ogr amynAeheh REmpidSth¥tdstitifg sibfuthro e £sigakirs stofd e ROMmexanyplethiss a PLD
structure. Reference is now nade to Figure 1 an |IIustJa%t n of one

4,
out put  deshipns e chigca pefava emplots inepPriest ¥ theaRY edermgdefa §ipencel | s.

Typi cal | er@inBleldnd SonGRAG dhs@urifis Rrre &l the nidrBRbéeSsdr Bt bepd 10&ding/@ky connect
into multiple D functions, whose outputs connectinto an OR function for

each outgrtarnahpises porifiguratign dater ed, before optionally feeding back into one or
nore of the AND functions. Which inputs are connected to which AND
functions and which AND functions connect to the OR function for each

out put i 90 ogRafeneniot & noy mars teEignre 18 ysidewaya ilbwation #f Bad lapants wigh t er m

si ngl e out.put | I L i ic cell
by Set t g FetpolrRE oty oh HThicP Rk Fhor or BREG: O R, B0 R P 7 72
si ngl e AND ahdihdt, ende patdedzated tt Paovfer eagrhunaiNonly A3 St Thersignsl padsicancbagls by

properly selecti Vi tg con e I jolus . 4 e g faunctions
and i npu?ogn?cg%t%gﬁﬁslﬁﬁrr%&? any ‘%ﬁeﬁ@g ? &lﬁ?:t? i onq&iigﬁ tcl)?@ugacii output Ts
conpri seshe@f motgiekctiw Wislocativhs §32 maly benfiledavithGRasfto natniectithel dedicaiglli ch ar e
further connected thr h a routing of al _se nt.s_angd, sel d vias
149, to R p wde T dhosarie bl and T RamSIPRR e TN RUBRLEY, ' O 145
the i np%oﬁve&ﬁ@uﬁ@pdﬂf}alié el Ggiistbranl pbé6r éripgoundswhd migybestilledat kittgr between t he
OR termor the register out i.,n the other L 153 ose output is fed
back by ©BRHELY™ @“%T‘ﬁ éFouﬁéﬁ g% OrSIB‘@S‘EP@ERQ;‘”e\‘i\ﬁ?ﬁ‘ gg}’ Sigpdl @g@?@s efﬂefjoﬁsém ne of
the i npuiciver bigrbidSpaBBIFYR @karfp1 £tk infier 6RpRSIPal ¢ EMlapbé codhedtabto cheddd bswand
netal interconnects, by, . . . .

or ground by placing a'via in the proper location 139. Furthermore, if the dedicated

power/ground pad is unused, one of the signal pads may be used as internal power or ground.

For example, the outer signal pad 130 can be connected to the unused third pad by filling a pair

of via locations 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

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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selecting the proper via locations to fill on the preferred via | ayer.
[0074] To programthe PLD, any input may be di sconnected from any one of

t he AND twommodam4siel ecti vel y changi ng the contents of tlreTiss@sotéye LUT.
Furthernore, any of the AND terns may be di sconnected fromthe OR term by
changi ng the contents of the respective LUT. Each LUT is a single-output
8-bit nmenory with three address bits as inputs, and as such can contain any
functio rintofantOiéﬂmblﬂcmefoa@wh estputhiltich is ragistanetl, rigfargemionally fobdingleask oo amsy

specific_in h ' h 4

cont ai nl% Ji W@P% S g;rﬁ“%’mp Slar%eﬁ% %3&%@%{ %’%@r %Olgedélg“?hn%l t he
LUT" s lélngﬂmmlbnMnﬁéoom tHé\IDRh AickiBn foNEachCuiput 3 p%ﬂrbﬁﬁamw th€uyer. Fgues
correspo t he b 0510510
520 5 R BouS pe i ub AR sb PR Eath b finetist MR REPT R o
I><A of Ithe 11;19%1 ﬂﬁs'btt%dﬁﬂrhdslaaihb)bropbﬁsﬁﬂlb‘éﬁldnhﬁ)Nd‘dﬁﬁ@lrg&btﬁLIHZ intb avimgleAiDess 2,

ogi ca I N n e t 0,0,0,1,

g Lo fnstion, T6e pPHaFeh AN 6o raues HELBaaPPT I sr ey agneer "

AND( XASARGED sefRerN WA RO i dtiond £hdGhiiad 6 tie @R ifiietion. AN ORIAGKiiGN. By
inserting the additional 1 in the third bit of th nory, ](ﬁ Bﬁﬁsﬁo,
i e

| ogi cal JpRroncachentPyiyrampaisedefiiesie Frlls seffigyted 1gp netgn;

| ogi cal ﬁlHH&tcbfﬂ{écteH thréu Ia%llltﬁ{é?off ahil QégrrﬁsﬁtSQE&ﬁBlécQ@dqe@bmeto tBpiitd pEIt
pol arity may be chan uts may be elim nated, and either the

| ast OR anethay 1pgis cell 1‘?41 @V’hrCégs %qnégurﬁ@ QR phuthedpptsied eptionallneeeistsn 74P then yet
anot her o of ‘t§/rs'é/fe% r%ﬁ%ﬁ@é [OR tedf oPfRH: 1§t@rq)uiﬂu9m 1Ry &ther W Q183 GAREL gures the

ROM RAM elnterate circuit device, may be fabricated
by di recqutlwaisefpd bacb(’@wo@ef:tmmt@r@@tal ergiments avith selspiediias N47 thraelofthst i ons of

the vias (o bﬁ%t@% Gahed g);p@ onbhreib PRT flogaa%ﬁ li¥netdi BReREREGS fbpng woul d be

as fol | ow rocess e sem con evices wth traditional nmask
| i t hogr aq@twtmg‘ihc)mophe/iebbgzitimm; tofilbén thiyprefarsd edayehr ough devi ce and net al

| ayers up to the preferred via layer. b. Hold the wafers before this |ayer.
c. When enough product has been ordered for each wafer, select which

cust onmer[0dByi grd proprax desd,D, laopihpttheay el dcoumeated flohyany eheof the AND teuis waf er

exposur eby selectively changing the contents of the respective LUT. Furthermore, any of the AND terms
may be disconnected from the OR term by changing the contents of the respective LUT. Each
LUT is a single-output 8-bit memory with three address bits as inputs, and as such can contain
any function of the three address bits, including ignoring changes on any specific input. For
example, the first pin 150 of the logic cell 141 containing an 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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equi pnent, along with a map of the wafer. d. Expose the wafer by applying
the customvia |layer for each custoner design on the site determ ned by the
map of theowadearasse. Process the wafers with the cust onmpzeadiSzeodoeseposuUr es.
f. Process wafers with standard nmask |ithography for the rest of the netal
| ayers. g. Test the wafer, electronically |oad the specific custom zed test
pattern for the design at the site being probed. h. Dice, sort and package
t he par t[80718%s eth yen andiksir preafacdagibodimerty the peaferadyia layerPehitloeonfigaek hge t est

agai n elgctronical | aadi ng.the specifi.c.cu ] for the
sgeci fi cf rW&’éfwaﬁf' l%énn@gé%er%rat?(ﬁ%&blgg %Vs}gef ﬁ%‘?%g&?gce{tf%%%@%%w%%r e 15 is
an il | usipesutedfondéle@ronixdappdoatajningthe locatips afthereias todredeaied oattispvidlagtrove. The

waf er 154 contains sit for.each die |ocation 155, shaded by the
custom@@@%ﬁ%ﬁ@?%ceﬁ%n%‘fvﬁ‘ﬁihe%Stfoﬁ?]‘?ﬁ' site. Some designs are placed at a

limted nunber Hfpwicéseall ieGemicondiiontsviceavitanrapitiona ssisitithogtipliye frem the
prototype quantitjes (~10). of good chjps. O her signs, 157 are agdded to
the wafer when prge tﬂi"?ﬁ’fo?gfﬁ%\tgfqug“ g‘%"“‘(e@fg&?}aqg@'e% P 5%%3%&%@5&_
Preferably, the cyggomvia layer is as near the end of the processing as

possible to provide the required custom zation. This technique allows a
conti nuous fl o pHeWEe Wafsrsibgtors thislaxes produce custom parts in varying

quantities wth r asReARMN pRIAEhaSBRH AR THMACK WaR, fs@lEct tWhRohGustbABH zat i on
portion of the manufacturing (steps 4 throu 0077]. Reticles, the

.ough 9). [
masks for fabri caf¢signs &f cxpese E’éﬁﬁlﬁ@t‘-‘éﬁaf@@%g’r%’étﬁtﬂ& oGtV & $<POMF%e nuch
| arger than the c @ptﬂ&ﬁ,ia AR Rh)\GdnORattem The reticles are stepped
n

over each wafermanufactured’in a two-dinensional array of reticle inmages.
TSMC and ot her &eFRkpwathsorafer byanelyiae thercustemoig layer Sorpagh eustogrey fesigd Afher e

different sized C%@ﬁeﬁu&ﬁ?ﬁdﬁlﬁ%ﬁ%@%ﬁ?@pgl e reticle. [0078] In another

preferred enbodi nent, Ies o rent sizes and quantities may
be included on @ Bimedsehenedfers withithd qudiomiz¢d ala expeuessi zation, illustrated in

quanti ] es of st x i P avt i SRl ek iontpub MR BHEMAIVER o 6y
such as previ ousl Teddsoviforeeestionivhily bohd the dpesificamstomjzed test pattern for the
design at the site being probed.
h. Dice, sort and package the parts based on their packaging requirements.
i. Perform package test, again electronically loading the specific customized test

pattern for the specific part’s design, and sort the parts that pass.

[0076]  Figure 15 is an illustration of an exemplary wafer map as mentioned in step 3 above.
The wafer map 154 contains sites for each die location 155, shaded by the customer designs to
be placed at that site. Some designs are placed at a limited number of sites 156, to obtain, after
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, typically are much

larger than the chip designs contained on them. The reticles are stepped over each wafer
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are placed in areticle, and a repeating pattern of reticle imges 161 is
created by stepping the reticle over a wafer 160. Each instance of these
di f f er entwei2zs@higd¥wps may be individually custom zed, agcaisomnesous|y
described within this disclosure. The dies within the reticle inmage 161,
have been placed to initially scribe the continuous vertical lines 162. All
strips may be subsequently scribed on the continuous horizontal |ines 163.
Qf ter dbhﬁ?kifatbglréd’\ﬁ attive-dih@nnhlerap viietide thages cTSM@dmdi bthess,enmﬂuc&irr ip may

e indivi bdandbro en theh and

{1 nal |y, mugacties pBr SMe Ao o ARty <bBY N g et o Fn ¢ ne

i nternal (03]t | GRbndthdd Preliéfed eabb@ifneﬁtg:mnumpmghartddﬁfee@ksm M quanices may be
performed, including scribin ng ]{0 istin order to

M ni i zeMEnke ReHdRdongesinglew q’l‘ﬂj’éfc“é@ UOT §]‘te‘irl Hlb@g;‘t ?élr‘fg't“‘f]?er

enbodi meftlud&IFIGE e ACHHAtI8R! ZBehislb:@mMd Biferent cﬁL@hﬁt@ésQ)f glm&@erémwzae tested
wth a si ngleagro e of reticle imge, utilizing a | e. coompn probe card.

Jeng- Jyucusiomizahieships Hlakeled 4 r Pughd?f)eﬁ“"l% sqreiashiflesss @eﬁi W‘tt‘}néhls pBiselaste Nurber

6,427, 224, Weédolﬂ a'r&fcfer Wﬁﬁéaﬁné Bﬁtel;}f)c‘!ﬁétlcl&llnﬁg& M1Gs &8td PrdspigtRd | the
die on a vvg VWi | as anticipated t I ssues with subsequent

scri bi ngrediele Ph@ ajvrpfes rléﬁrﬁ?éh ms#tigcerﬁmse ﬂlffﬂ@§t Sl@ﬁ&h*% max e Hdii@atan be
constrai aﬁgnﬁi' edPRYRH é)ceﬁr%ﬁgﬁ%éc%@ecﬁ@ghlﬁ atid &L&oéufgi%e Alels W}ﬂﬂﬁm'ne legisldes,

avoi ded in the appro trated in Figure 17. Simlar to Shau's
appr oachimage $¢ hhe Healyelﬁcedfto indtiadlly seribg threcogtipeyh vertical dingsohie n g llskips ey mal
processi r

nt er Conﬁegsc ?éeqé%@y‘é%ﬁb%ﬁ on c}c_l)ht%utgg% orﬁél?@l I}nteg' fo3. 9\%} %5]&?%??1& e alon e or obe
of pads ﬂrzmomhﬁscmai lurses,saaélf $top ey be mdpmweﬂy mm(bed asitbr@lteh onltlee hmmmiaie nts

W thin eac ofartlcle S
ppr oac Bl ana R e Rl i e PRy bl b e She oishlthe & ok St

t oget hervefrﬁ)cai Iniem 63. Qrthed sqribiver and besakinh séquetnices peg be p@fqnmed)enqbatﬂxg stallingand t he
test enaple 175, clock ata.i.n d data .ou 1 r

connect et oygh st ing prused ?f%ﬂ?leﬁaagd@&t?énm{“ﬂ% tﬁ}ﬁﬁ écf Pi’?ﬁrfealf ﬁgés[ Sﬁoc%h t he
reticle joyrge. IhRetQn6i@ér dnfbollinfent, all e cobtomirgd tie veithid agliele mmmlmdmeer t he

t est enabl e and clock st. be dlstrlbuted on.each chi i nput s
to an ou’ie'f)tﬁ‘i with a single pegbe of Frtifle Inage, WLz At Sl eamp Bbet @5‘? T@gg]e ISEa‘}Tgy be

JTAG si gfabiibes amell hier 16t AcBRquOi U. sspatesﬁmaﬂnséras 4:.vf7 m l mcﬁ her@andcal thehi p
protocol of JTAGto initiate the scan-bhased t est Rullt |n 0 each

of the cRRYBHRlokIahiesipadspialithy dieqnefefrs }1115|Sp§,u lFaé@E'ilQ}léaéedtt RISEHPi R nat i on
of the cQiti&abnt S BRAELS RNinREcoRACHNg metal lines, Shau’s technique can be constrained by

power consumption and reticle image alignment issues, avoided in the approach illustrated in
Figure 17. Similar to Shau’s approach, a single layer of metal may be deposited following the
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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chip's bring-up test. These tests nay be done serially or in parallel,
dependi ng on the power consunption limtations of the probe. Foll ow ng
testing awd wewddissag, the nmetal may be renoved by nor mal peeniscasaucbor
processing. As such, step 7 of the fabrication process nay be changed to
utilize this approach for testing. [0080] Wen interconnecting nultiple
dies on areticle inage for testing, it is desirable to keep the chip

desi gns dpiyR. SREDJ ik th%ﬁ(s‘éhaﬂ?@e}beﬁ@s ﬁhbleorifﬁﬁlh@dna)fiﬂim@ﬂpctaznﬁiphobn bftsaeh t 0
internally djstribute ﬁ?f%nalst r,tes ther dies. In

FIG 18, Chﬂlhé TRERYY tesin dhegF S dnay; feé‘aﬁﬁorfégaragﬁndeaﬁq . Plg%wegl gnal s

are seri@hnbin Jﬁféﬁ'ﬂﬁﬁt‘éﬁ&stomﬂfé ealFbuMﬁg&b 420 niaféng, efid aétal thayege 180. The
cl ock 184 and test enable 185 signals areﬁ' '

trjb Ilel to all
t he chi p&mpFedyaopag Sem@w%@épmriﬁ?'@g fRew 55@[7' %ﬁfﬂeglb%g?ﬁ'ggb%ﬁgs%ﬁwobg

connectqggghgng%@yoﬂqiz@%mpp@dé@hk@l@gsgng)omer and ground pins 186 to distribute
their voltage he clock, test enable, data in and data out pins are

in the sHA8] od&hqmmrcpmec@&mu@gﬁgﬁle@pn anticls iage foy fssting itas desirgfle®s s t at i ng
SOME T Outd, Eﬂle%fu { 6o 50 fbBdack @5}3@%%5 RGN 1n$$ge| And 8Yhdve 1 intechilly he

i nterconnections to-a single reticlé 1mge, and nP oying the scrlbe area
bet ween digtibwk sighatademigh Em@hweﬁ@st@ﬁaﬁgloﬁhmcb@%dﬁﬁé@t &ihp newerideramda singl e

| ayer of 15!{8{131% in 18 ;Ql(atdﬁta o'ugﬂﬁ :l[lg a?e%ggéi@hcohﬁé{edqﬁl@gé@mﬁ dfe€onied to

alternative ena oscl I e scannin e dies on the
reticle nemﬁgﬁnageht]& Ehaﬂbqlqi@4tahétest@ablm985cﬁlgraISIar@di#pbﬁé@tlspamﬂekméllﬂ@t icle

I mge wth a r ob 81 d

embodi mefiiPSdR a}eﬁg "E"r 5?@%?1\]?%\/9 (llvtv)eﬁ a?é th&ﬁ?gs‘% (%P gcﬁeda[o Qﬁ}% |célgtr e 109.
Simlar #vaildilgpoveer 2nd glbumbp’lhsai 860 tlmlbhteftmamrxsaltagnsrimttlectlctcb tosltembdfs das of 8X
size, a ml éi §I exer, a locati FS)Sns 24 to ¢ om ze the logic

cel | . bultapd dagp o p(':‘&?r?tr% 3@3 o] I%C&ﬁ?lfsvtj%eﬁf’h G SLEALRY TR Y o0 a different

si ze (6X)eceRMlatigdbing Qﬁhﬁhg bf‘tﬂbl‘sxgnaﬂs/mlﬁfwebﬁﬂlent vmmpby martmgltheput s 199 to the
mul tiplexer and five | 191 - 1 each of er of via

| ocat i onStFONEGFEPRTHP 2@“’ H%té"ée P ﬁ‘&PlOV’ln%éhe e"?rga lf)e?‘g?fpé‘glc CM*REny nore

cust om z@b hedRssapt ineRdniditiapy@ddndidha ngIeha}tehefrﬂéthlol’[n Both Fiduods 1e>aamn$ e, the
i nverter 197 nmay be optionally connected t? an |J1t%ut of, thF gﬁ{te 198
or one. ofesteRebloepht vt diemaisely agagls the oseillaior and the Scanning of the dies o

reticle image, thus enabling the testing of all components on the reticle image with a single
probe.

[0081] In contrast to Fig. 2, a preferred embodiment of the present invention is the logic cell
shown in Figure 19. Similar to Figure 2, it contains two buffers connected to outputs 25 of 8X
size, a multiplexer 21 and various via locations 24 to customize the logic cell, but it also
contains two additional output buffers 196 of a different size (6X), an additional input inverter
197, two primary inputs 199 to the multiplexer and five jumpers 191 — 195, each of which has a
number of via locations to customize. 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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while both cells contain two LUTs 20 and a Flip-flop 22, the junpers 192
and 194 in the inproved cell may be used to feed the output of the
Fl i p-fl opw@2obsaakssdnt o the i nput of the NAND gate 198. SBcmidsasosyze20at a
gating functions can be inplenmented by utilizing junpers 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 [ODSZ}SiZIFuEwnhbﬁ[ finether prefaneat éretsodpnett ef the gresertd drdfiemizm sadctibmapr esent
se ectlon ma

i nventiqn e. made by the prope omz f Wi

connect inP?dn%]iet B dhe Rrﬂ%"rﬁﬁst%’?‘ﬂﬂﬂn OfgélSS?nnteﬁ L?EHG%’ X QHRY ?9 Rtg‘ g¥ 2gu{puts
§5t tot hflheldfttﬁé @pla:ouw@fqﬁzﬁt too'{he Riterddl BathitQift FIC h?ﬁ@thﬁ(jt tHaegihgtier memevmatct
etween |l ogic cells e ou 5.0 ic.cell ar nnect ed

out si de BerEeepdogic eglss HEF CUIRY!S; gﬁ’t“ggs §g81ﬁﬁ?ﬁ1%° e o Etﬁd f?ﬁt}?‘dﬁzh ﬁﬁ%ct ed

to shortghye 'hBIthﬁl:al SGHIRRDE7, %@@chﬂﬂayﬂfe@éﬁﬁec&ﬁ@@ﬁféﬁ%rtﬁﬁl Sepraent2 BB bypréper

custom zed via | ayer between them Further conpections between these and

| ong segreasmsnionf wigeo2 Wt A e custagded i lasr hee GeR g o AR CORCREN YER¥eR ogi ¢
cells. ggs\é aﬁ@ﬂ)ng @eg[%feﬁﬂ ontw8 bt ﬁ&ergﬁﬁ‘lﬁ'tllle inferdohlet Bstween thdogle@BI13Crheqtnd ar e

described later T'n di scl osure. Now, any one of the three out puts may
be sel ectaade sedntin greates ﬂqwg ml@gltrrnveﬂr @Eﬁ“lghéos&ﬁldtaff‘edf‘é%rd%?é At 1p &y iecloties

connect 00, 4, e of R Adhlins iy W Rhcksciehibthah e ORRHny chrn L he

j unpers to co sel ected out pu conneéct i ng t hat
out put ' ssegpes besond dre @@mcabnwortbe logictagls, dwi ImrﬁléiISPlyctrfkgl}h@HmP@r‘tlﬁsc%t fire,

Sgﬁed:‘ 3?3?1%\%%@1'9?995 rb? 1@5"[9' B'I?rlect ML szl%ct%d: gﬁt%aeinﬁncroﬁnecﬁ ﬁm? %J,n.‘ﬁﬁ't15 4 QYacifigy be

"ace an 0 neet any I mng constraints
t hat st Ilidrlzemalsmre [t® @83}righedllyrrented viesicalowirerpahd dlspomnqgunethzoorlgml @Htplu'fs a

e L s T e
st ages qimiiliglcbnsnhmseheﬁ szltDaxlstdr i ven by the LUT s three input s 205, r esul ting
AT I AT M S T TN e T
anot her @pleQdo,BHNistiaL of Heet bﬂMglﬁttpirdgﬂammaﬂémﬂmwgletﬁélﬁﬂm; drMﬂg ﬁghttbhﬁ"ex‘sUT may
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[0084] Reference is now made to Figure 21. In another embodiment of the invention, each

memory element 201 of the LUT may be configured to either hold an externally programmable

memory element as in Figure 21a, drive a constant zero level as in Figure 21b, or drive a

constant one level as in Figure 21c. Each memory element 201 of the LUT contains four via

locations: one 210 for connecting the p-channel transistors 211 to +V power; 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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| ocations: one 210 for connecting the p-channel transistors 211 to +V
power; one 212 for connecting the n-channel transistors 213 to ground; one
214 for cwonesfiimgot he out put 215 to +V; and one 216 corpogaistevg/ordre7 out put
215 to ground. In Figure 2la, the p-channel transistors 211 and n-channel
transistors 213 are connected to +V and ground, respectively, by placing
two vias in the appropriate | ocations 210 and 212. In this case the nenory
el enent spesamésdamdanprdghaedEbitie wenioeagiond @hrand 217 a8 dilledswhith allaw 21c,
these two | ocation nd 212 d [ ' ' he

tr ansi ot DreSSRIoRR 20Ty 8o EAArERIe A LU B S Bltp e ShoBi P IRERh )
connect stotpesgfomutpuibgi2 Tmction. gA betmadivelynitie L TEinguybe c@stonized® peifarm asmeifion 214

connect s, t he. out put 5 to +V, to.pe n lLy configure .the LUT.  Typically,
t hese Vi ]é’gFng’é‘!t%‘iogE’%’ fﬁ‘}rfg ?‘ﬁ’f’i Y8 l%cﬁmgrh%f%?r?] atyg?rr?sﬁ%rﬁiuﬁosw%elvv&l}\} e §%él | ayer
manut ;&ﬁ‘?*’ﬁé‘%‘a‘i T ﬁ%%ff‘ﬁ ??%%fﬂg?‘m*%??w%:;?m* (il R‘Z%“ﬁﬁ‘ﬁ-‘@ﬁ“ 1o
! - ons a ar ille | al | ow
menory  eleiengis celts in this manngs, Higlogie fgpion 0? Emﬁeﬁﬁ?i b dogdrd, g t@‘a FRip-
EﬁtT er nal tagss]r 09}@&9&@_ 0}5 ?o@@ﬁzfdf@ roFadiye DD G ?r_icfruilﬂtcé)@aﬁi@%e d the Iﬁmttt)\ivu gaylﬂs_ sthe
s may_be customi zed to_performa specific_|ogi unctio il Ling
ei t her viised ssements s seen ip Fignegl % Qf C_&ro‘?arcgédéﬁdf’%t%g%ﬁ eﬁ/\éﬁ%é]lﬂaé'émﬁ%iwet he
progr ameslyo6al UenRf prich @rC st SRR bR Afed BFRIctt BlyERENTwE bbitoRfers @Biith@Ur i Ng
all LUTs in all logic cells in this manner, the |ogic function of the chip
need not repRecHitAY darizeita apthiertienl fong it Speretse ARhi 1oB laysty cRatd hos2etgur e
22, a priffvefidal SAMMLE REmbAE dstd flihd WtdRYAIR Hfthd infbnR&Y B REISotiveS Seen
in Figure 19 of O -Bach's"U S, Patent Nunber 6,756,811, granted June
29, 2004. adifrigsvigsy ietveea the top&we shoeandtal yegnany lagers.e g s prioy @ygagmm%@meom
| ayers cQnt al p ' hey.] I : l.cal nts,
and oo (n B AR EEhEH s, Rol SRR ERCE bR 221 TRk SEETRY
gs ed in dilﬁgamljs’%ﬂdita‘s beﬁﬁi egpanded.t Rehen twe sigual imsercorgcts etecadiacens [ty eael dithey feri as
et ween et WO It e nt o Thi [ dj m
refers tfcc)mtg ﬁig‘%t%\?\éos ?no%ng%te Ja{%dt ?%%‘%gén Ieéeyccltar?céﬂr g?tigc% g%dlg% I;I}?irs%g{l té}i?e%d?’%‘g
porti on REtcomhedthmllédergestallpr Tior cuaved lohe 202 amift? p0sitiastolareid sestpeansiedk fivihen t wo

f e T Y R

adj acent hérivogtaCepmesnts 225 ah tedayer sisstafok subféypeticomedtion ming2@Riogiiablesvias

post 1m0 5] o550 AP TR RISHEH PR BRk Esch il
the disadvantage of being both difficult to apply, given the lithographic restrictions of high
density masks, and not adequately solving the crosstalk problem, since selection of these long
segments for interconnect can repeatedly bring two signals next to each other when using
adjacent 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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hori zontal segnents 225 on the | ayer above, for subsequent connection using
custom zable vias to the short segnents. Wile this provides a nechani sm

f or connewbiwgy/digsbong segnents, it has the di sadvant agecefush@isngs2ot h
difficult to apply, given the lithographic restrictions of high density
masks, and not adequately solving the crosstalk problem since selection of
these |l ong segnents for interconnect can repeatedly bring two signals next
to each wghett e HsieNgoadhoRGRRIcalSegheilts 235 [2808&hedal &r tiachort Siorimntalade t o

Fi gure 23, which shows an, enbodi t qf the present inventj.on. Figure 23a
shows t MEEEES Pt |°&§ﬁ8%2ag‘g VFaérr?rgghé‘ﬁﬁlszﬁ‘R%V‘éfl ea%&“&e%%‘?‘%‘&l*@&%#ﬁﬁ?@?“A

repeat i NGnR@tddes Bndbf the HbriREmEROheizoadDseg@Edts 23). SAGRENtS shoieineFigire each
| ocati on such as shown in the diagram_ one of the horizont aL and .verti cal

A g .ong
segment s23@nis. long, vestigelr eemans (thatread it dhif e <1t GORRES SR ShITD AP e
segment Ssegdbhts, ANt WP tirh 3flows h&n® RO &6 tdoRkcted StoShBBRYtRcal SedniatsVRIO WRR
segnents 232 on the | ayer above, which are in turn connected to two short
hor i zontastonégghleryias. 233 by two other fixed vias 234. Fromsite to site a
di fferen ng Eggﬁ . s toWi ke ORI LESRGRAT 8GmYiedSF &s JowUtwoOdnevery
site the@gkﬁreRg ortgé%??%ég S@gﬁ%nf§g2§ , horizpﬁ gl segn%%?é 5%3?§and
t hei r aswpoemtlagrswiese SgmentSiaguecanceisl witbwedalined visst Long horizontghsegpents
shortse I S O bl 4 ed to
the. shortad S e ionl AR Bkl ok Sl AL B g, R e P e
each | ongrosegneted t@86 thiol loyersegmdntsrwithoprerxdttiog fixed viae2 Gisuelhibatshosegmerignent s

hori zontgl, s nts 237, Sim S I i
vert cal 24 EUTan Bo R o et @ lobeunfhs 35 Gifher e o Ak Sedety dndlfe Mo
hor i zontmattalSlegmebyt eustomizedhvidsn Similarlyakdgmests 2ig and 2440ee comaaged wdh¢ wpdwor t

vertical segne 240 with custopi zabl e, vl as 7]. Referen is.n mad

to Fi gur%‘s@ﬂ'{lzagfe REAT |preg§lgfwﬁ g}‘e Vlflsn%éq %\Xgl'ﬂl;a?%gey} IB%L% 8%%9%’?& Oaglagirllvs ©

\é\g ir e 3 e‘grgrﬁr&oaﬁ@teacm nmgﬁ aegriéritd o Itlfedfbb i tve dnathlakyerk.orlg batwekz thiet @lds sfgnent s
an are con ted to vertical jumpers 7 with preexisftin i xed

o s DaeRm b et St BUt et e 748 e REE BrRL v 246

preexi styrigh Eénred W REmeRY 2 $1PBethdaSirhinelys B@Wedii the etk o8 tid s2dentdd3aint her be

connected together or be conpected to short. segnents on the top t t al
| ayers biA4dediumaes sgment49, whigh,| with BreexitigaHecd Viasy Sa&‘»ﬂim%%ﬁ%sﬁ%ﬁgteaﬁﬁé ted to

the top {¥her. In this fashion, long segments on the bottom two metal layers, comprised of these

segments and jumpers, may periodically change from one track to another. Again, while the
specific pair of tracks 259 and 258 may differ from one site to another, along with the vias 246
and 245, the same connecting jumper is available at each site to keep the long lines from being
adjacent to each other for more than a few sites.

[0088]  As such, in yet another preferred embodiment of the invention, customizable long
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 the 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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custom zabl e layers with preexisting fixed vias 256 such that they may be
connected to each other or connected to short segnents on the top two netal
| ayers. Iwohedsmesyot he ends of segments 241 and 242, thecensb@soexkst a

j unper segnent 248 and preexisting fixed vias 246, which connect the
segnents 259 together. Simlarly, between the ends of the segnents 243 and
244 is a junper segnent 249, which, with preexisting fixed vias 245,
Eonnect Scéxﬁécté@‘ﬂ??iﬂé—éxiﬂﬁ@ ﬂixwe{iilibe253.]|cﬂiha}l1lb,i whém s ledfatiohCHgg_iS ele. Nk st t he
ottom tywo net ayers, conprised of these segnents an unpers, m

peri odi C\Qg‘ll%?n@ﬁ%?ﬁﬁégtfzéih% @ﬁ%n‘l)cltqdé% ersplitdpng ha 9‘%ﬂg°‘8$ﬂ?nt%4iljr en{)he spec?/fi c
pair of {6096KS R&&emdds #RBmaBYotiidiir@s6.f WRER AR ocatidnS264Gs AL thellongdeARREl W t h
the vias 246 and 245, the sane connecti n%tojrttjngter is avai | abl e at each site

to keep FRENGHY Mithfessoonddien & srpnestif dee eakyseBeEH s prhedpi leyran a
few sitegsol{ARE81a 16%%%@57 ArOaN&L tlﬁ'?&l{gh%?iz&{tﬁfs%ﬁ&gzmggé 15613h a@hcdnb®

i nvention, custom zable | ong segnent interconnects nmay be periodically

connect etpaiant230fis sangeqtestp dhaslong vertieah seementizddshy qonueeting jHmeers avgayssranta al
Cross-tapl g ﬁ,tg;a}n &k og?ay@&%\% ﬁﬁcprﬂ&e%&gg@%nﬂe%@w E%P%Et%r%-ﬁxﬂa@gﬁ ] Reference

. sting j
is now made to Figure 257 which 1s a pictorial exa speciftically

i nt er confi¥d1kd Refemeastis nowonmadento Fignrst27anhicheis anpicionisleexcopieeet speeifieally. The
tiled regj i i 2 ts
that - ext SRS SMts bl 3 8RR e RBRALE M S B LERRTBD S
abut ment Wiendhe via fidvagoreX@dnip Ifidled @gpopmcts tBel shoartdri2dritalesegmen 272 atithrthe Hettveen
the two figures. vi.a.l ocations 254 are filled, . the t ong hori zont al
segnent s I St ol Y RURRE SR I Bl Ao At Sinael B R0t b e
two and thurtelecnomtelcdegdlely 2P, enéxihsh iviaglotatioad2 T4 @s fiRlbd theFumakd 378 ashssetsvi a

| ocation 252 j.s filled z e short horizontal segment 251 is connected to the
split |0960W5ﬁ1qa£§§{n§11t8§ gnents 241. [0090] Reference is now nade to Figure
26. Wien[0092] | oRgéremse iR Béwirsadeith [Fegre ) avHicnghowe rahiebodiagitenthe 261 g t he
second IA?%%L s connected to a short verti C@E ?eq%gent 265 on the fourth

| ayer . viplerrorest fayerstaf hs pegent dpvention. | dbe IRWd leyw£oRBmS A0 APtisalgment
269 int 81280 casticae® Mgether WRE [1RipeAOIB1i ¢h 9O MIRAGLRS, dnd jhbifers 98%) whedht | cal
segnent 268 by connecting junpers on |layer one to the existin f'urrpers on

| ayers t GRfngeicsheth herzanl Segmenic Shnalse sdiding ot thethisd flaygrf The dhih yer 4lw091]

Ref er encgorjtfind18MY A&RH8nhGufb&Yn84 dohmedbl ©hihd dRoPwolIBkd RrtiGX &FRlehts 8h the

specifically
second layer and short horizontal jumpers 287 connected to jumpers on the second layer.
[0093] Reference is now made to Figure 29, which is a pictorial example of the first and
second interconnect layers. The first layer contains: long horizontal segments 290 that continue
through the region; one pair of segments 299 that are connected with a vertical 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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i nterconnected segnents fromthe third and fourth interconnect |ayers shown
in Figure 22. Wen the via location 270 is filled it connects the short

hori zont avoseamimgs9272 with the short vertical segment 2¢Tiusiosiok@nty, when
via locations 273 are filled the junper 275 connects two short horizontal
segnents 274, and when via locations 276 are filled the junper 278 connects
two vertical segnents 277. [0092] Reference is now made to Figure 28, which
shows anj0eydjodiRetendincofis hdve mdde rtd Rigide BOuwhich iint qrictoniah @zamplayodrasrepéatinge
present invention. The fourth |ayer contalns short v i g 280
connect Y"1 Yy ttﬁeéfouwnﬁccinﬂﬁ% éarygrsz‘g 7§ )r(\enflﬁ %ryteﬂﬁ)g gin}egty(gf;t?é gﬁ’éﬂ tfoﬁhgg{ésﬁi 83,

whi ch comestsekbied segatehiszanilhfous ¢gernirsfe28R @nsat bgsbdinegt ©nedriesponding d

| ayer. The third | ayer also.contains | hori zontal |unper,s 284 connected
to the effg8ens "c"\/\/ﬁg%‘éﬁ'?b ToRSEHRE O éoélérféf(r)l%}% erf?{lé‘que&%{& I é?grcusgﬁlﬂlzgﬂgrt

hor i zont @hndcUbRedrs n2d¢ by ARACViadodafionbaIREch iaRrsettingsegmats bayler thirfl GA83]
Reference is now nmade to Figure 29, which is a pictorial exanple of the
first an@uRl¥¢& i nterconnect layers. The first layer contains: |ong

hor i zont @hosyegVRiMiS cAAQepddBhg Q0P of Snfehits Akt ateh fia 1€GIIGHY; 3001T8r @AnECtiaf
segnents 299 that are connected with a vertical jgg%er to peri od'(&a{vl y
change tshagkhorigenialisegmentsipgethercomlyer 4 it JHREGE 1 JYEr phit lﬁ?aélo’@?aé or

connect ednh QERY S riYeRRalP@embfs tbgéthé&ﬁ! layet TRGIL jHRMTEM ByQ; bRYatibwa01 Whi ch
are in-turn cohnected through other vias 297 to layer three. In this way,

segment sfopganngetingeshot dpriznatal seamsatseen lperehtrshatt yerticaloreewgrih of dayeh i via
segment §;,0 ioh?y@rﬁ#cﬁﬁ&%n gﬁln]gfhgffionté?%gﬁﬁh@%rn'lé}gr { BRohGRBPers MRt BIRUZAR! e
vias. Simlarly, t ayer

e Seco contains: long vertical segnents 292 that
cont i nuetotsherpberirontabsegaients op bavet Brvia lopatiopapP4 B cemgetingtlenpoglicahggmanis
connected w t I 4 l+Qdj . - i ons;
and one hafvergifolleh BiE ped {RER b BB Re s GRS, LhAHaofoRy 00
| ayer t hfoeeonnkdtingHorg Honighritarsegsegepetber29i3 lovatjoris 806 dorreennesting long serticalt her

t hor t t I .th d f . ' f
cust om 2RSS TG Pkl i &5 Bl soniip b o ACAP e ] LD ©

pi ct or i ahors@pidegmerts, avireepahfichyiphritions rasidethetvebn intercotnectdayenethteel amgder s  of
an exenp%ary enbodi ment of the invention. The ends 309 of selected segnents
on all f8Ur layers preferably connect by abutnent to correspondi ng segnments
on adj acpobe]r epgakidhy iofet i MBheOpréflited Binbsdimantect theajteestionAl dustomédablei zabl e

interconnects in conjunction with fixed jumpers and vias allow the direct connection between
any pair of segments on all four layers.

[0097] Reference is now made to Figure 31, which is an illustration of another way to
structure the customizable top two metal layers. In yet another embodiment 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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connections are made by filling via | ocations between intersecting segnments
on the third and fourth layers. [0095] Wthin each repeating group of
segrment s wbeoe/@aisey via | ocations 300 for connecting shect/usesisnostal
segnents together on layer 4 with junpers on |layer 3; via |locations 302 for
connecting short vertical segnents together on |layer 3 with junpers on

| ayer 4; via locations 301 for connecting short horizontal segnents on

| ayer 3 [1009%] hoRefevance iscalv maigieRigsreda, 4 diggmmaf eighsubloblatksddd, Waish f or

connectin onqg ho al ments on ' and fixed
vias to §’ﬁ %’8?1? @8&&’5‘% (gﬁ»%% Qe ﬁpa{cgggérlgflac\(;}ﬁlrllﬁ%% gﬁ%&ﬁg&%& for e
connect |d¢gnéo€ip@to\kﬁ>h‘fzdnﬁﬂlloxﬁgﬁ@f&;ﬁnﬂ abowel tbfymbckz’ buffeo logie, & speed 308 &splaged | unper s

to short vertical se nts on C 7 1 t

e B A TER e SV T st PERLOR0R AGFo LR BERTSE 00,
vertica:61&9@aﬁf31§’ tog?at her; and via |locations 308 for connecting |ong
vertica ments to | ong ho I zgnt al nts, where all su la | ti
resi de B’@W@en Refrrence rivddna eé‘}lglrggret%r@g‘nghs& diggrpm O?WE?%‘P' ﬂgn%r\é‘létﬁfm?ﬁayle? "

anot her [pyde ?M@ﬂto@ﬁ@ﬁ&i‘izﬂﬁﬂﬁloﬁg lideB 8n laj¥ENds d@icted b§ ek 2Z3bed ViABST connect s
In conjunction wth fixed Jﬁé’ rs and vias allow the di r&ct connectlon
n

bet ween kefiyeepdaver » andslaypidn Eyery ,l;xog;qntqvl ke ling (not all depigiesiergrds conasrisd 1P @ now

made to (B &’Wv%rtfi&l 1indRiifhh \}1§33'1)n Th thﬁidh@&tl 1B 1iAds &nal |ﬁ%fn M@)éoﬁrféctﬁnrs‘ﬁ%eur e the
custom zabl e top two netal @m%/ers In yet anot her enbodi nent of

i nvent i 022 te the nsxipepRACHObIRes Y 24198 Smléﬁi@é&ﬁ%avp%? af lep® tworBlpclse324y r anged
such t hag,al {oREREND &3 KiRRyGiR BRI 390 Oxebi 8 ofi€ddnnédich spied i xed

vias connecting to t%tﬁ Qsﬁé eveF w ring tracks connect to segnents that

can be e3@t2emH@Ira/ﬁ2t he}joud@@msxt CTFMCﬁIQJTﬁP@CF@%I@ thsrnegteanneofien §I?3é%.j? 25egment s

310 T eI RifertRUR noh B fleto 9&@&@%@%%&&%@ ofMAEGRY RO Lhem with
a nts 0

custom vi as, respectivel or| zon r the
j unper s idteAconmect Iagerwmogmeﬂtagneirthe Selgments ffkomslagl 4 ta ti vsmaldbmgmes Rél prower

L,e;/ﬁ Lr | gﬁngeé %t ?Jg:e El'tedi%%]naﬁgﬁg I%glﬁ%:gg?t\évg% tgg Vé‘lrﬁpa? fong ?’}{g 343 Q% &}?ﬁe gne I’lt sin

depi ct s lrizbmelksegtherto3i2c whieh lisstud dolnect to layers 3 and 4 in the manner shown in Flgure

32. Some vertical long lines 343 extend beyond the next connection space 323, as shown in
Figure 32.

[00102] In yet another preferred embodiment of the invention, interconnect layers 5 and 6 may
be optionally added as necessary to wafers where one or more chips require additional long lines
for routing the added interconnections. Furthermore, the layout 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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address logic 121 and buffer |ogic 122 about the periphery of the

bl ock. [ 0099] Reference is now made to Figure 32, a diagram of eight such

bl ocks 32%0 2eév/mlssgont ai ns, above the bl ocks' address | egiras2@sspaee 322 to
pl ace wiring for the optional connection to horizontal |long wires, and
above the blocks' buffer logic, a space 323 to place wiring for the
optional connection to vertical long wires, preferably on interconnect

| ayers 5CHairds:6 respectively. [00100] Reference is now nade to Figure 33,
which is c?lagran1of one way to interconnect layers 3 and 4 to the
horizont ¥ly lines on layer 5 as depicted by wires 332, and via 331

bet ween laygmn5nﬂadmh&yﬁéc&nmﬁmﬁgy horizontal long line (not all depicted

here) is connected to a.laye i cal

hori zontal | dhgsieARES S@Qhoe%foarf%?ﬁ? aclaﬂlﬂeﬁ%lmﬁtl%% S, %%P%lcfgg next
connect i dmfHRMeet Bk oﬁ§lo§mp\/fhblen sdid %fc&mﬁﬁ furthe¥ iAsladiaf meRAsdd Hixborakaks 321.
Sonme horjzontal |on i nes, such as_333 shown in Figure 33, extend from one

connect i Bers pyelyings mﬂlnpllatyroé agic celf {5 REPVIdHRS Hdsept Qg RANPISFUSPRAE! 324, to
t he next inRRRREE b@ResPRFBusiAputs hfibkbkks (REEST RRGEInistid REMoMREEIntRconhayr e 34,
which is a dlagran1dep|ct|n? one way to i nt er connect | ayer 4 segnents and
the segnisrisiorized bha pusiast vis Iaygr ek vertical long lines 341 on |ayer 6.

Here, the fixgdyf ﬁaty%ﬂeﬁ&%%hmmns tiRrenedatd &@om!l&agfd édNEfre341 and
short hori zontal segnents 342, which in turn connect to layers 3 and 4 in

t he nann@ﬁ“@h@ﬂ@YﬁwdFu§@ﬁéﬁGzﬁﬂSone vertical long lines 343 extend beyond

t he next connection space 323, as shown in Figure 32. [00102] In yet

anot her preferred enbodi nent of the invention, interconnect |ayers 5 and 6
may be obu&smahhyuaddbdkasamab&§s&kynﬂo waf ers where one or more chips
require it e outJ i;ons

Furt her rr%lgeconfrﬁ %fgacg%uéé/s 13‘%1%9&0%4 ‘gl%é% ga“?ou blo Elgase gﬁ:onnect i ons
bot h on &wtomized byisxidlcastemnyiadhyarout i ng, sel ecting the optlon, preferably
with the | owest nunber of |ayers, that neets the interconnect requirenents
of the design. In addition, such chips, with six layers of routing nmay be
col | ect esl, OgenviednduGorldedice attoRdigstodrhdt ed in Figure 16, to nore efficiently

P 0005S JESLaneel Nl AL B ShAy BT EREAPREE 2240 1

i nvent i OBy éa8d diRfom via layer.

4. A semiconductor device according to claim 1,
also comprising a customizable clock distribution structure, and wherein said customizable

clock distribution structure is customized by said custom via layer.

5. A semiconductor device according to claim 4,
also comprising a customizable trimmer cell to fine tune said clock distribution structure, and

wherein said customizable trimmer cell is customized by said custom via layer.
6. A semiconductor device comprising:

a logic array comprising a multiplicity of logic cells, each logic cell including at least

one flip-flop; and

25



limted by what has been particularly shown and descri bed herei nabove.
Rat her the scope of the present invention includes both conbinations and
sub- conbiwetena4sb vari ous features described herei nabpeeasoosmbdzzas
nodi fications and vari ati ons whi ch woul d occur to persons skilled in the
art upon reading the foregoing description and which are not in the prior
art.Clains: We claim 1. A sem conductor device conprising: a logic array,

sai d | ogi c arat &ystion€ @i E@neéctivh ldyeipdvieslyihy thefmiligicity ofidesticaklagih ctlsgbe cel |
conprising at |east one | ook-up table; said | Oﬁ{ﬁ%ﬁa”%%-i urt her including
I

; f
met al  anRfOVIRREEbIGAE ERS RFFMPREPLFUStog i ItpTGRnIEefdbe VHIGUE RIS A PEBE cel | s

for provihgiehgwitreln@aRicubRizRE i@eikct Usbionizee By b bhstdit ORNeet; apet ween
various inputs and outputs thereof, wherein said, custom éz&% terconnect is

cust oni zed by? rAUIERLGIE L device custamized HE cgllsyyiberen) said qugtogyize S@§st omi zed

110 cel | §stopfisid®yRaid 3hdor 1o zed 1/ O cells are custom zed by said custom
via layer. 2. A Sem conductor” device according to claim1l, also conprising

a configurabl e RAM bl ock, and wherein said RAM bl ock configuration is

cust om zy:_qAr &Ynié&h%t&ﬂ’c{%@ﬁ%&@o?di#g%%faim%- A sem conductor device according to
a bl ¢

claim 1, so conprising a conflgurable ROM bl ock, and wherein said ROM
bl ock coalseemprising asoufigurabte RNV ok, andswhenein paad RAPEPlockiconfiguiatiencisnduct or

devi ce a@%%&nqéeﬁgbj%%idcéu@omﬁa\lﬁér.so conprising a custom zabl e cl ock
| c

di stribution str ure, an erein said custom zabl e clock distribution
structure is custom zed by said customvia |layer. 5. A sem conductor device

accordin toe clo%i ngt41, eaicsgcc%lol rtioscla5}97a custom zable trimer cell to fine
tune sai ‘%f FUK 8‘[‘5?#1 BT FoR St 0¢ ure’> and wherein said custom zabl e
trimer ged ¢oniBising aboilt-inedicloprosassat, shertiasaid mdorbprpesssordias e skifitydoachest or
device Cs%%m lglgc'k by a separate read/write port from a configurable RAM port.

9. A semiconductor device according to claim 7,
wherein said configurable RAM port includes via options for wired or logic multiplexing output

of multiple RAMs.

10. A semiconductor device according to claim 6,
also comprising a configurable ROM block, and wherein content of said configurable ROM

block is customized by said custom via layer.

11. A semiconductor device according to claim 6,

also comprising a customizable clock distribution structure, and wherein said customizable
clock distribution structure is customized by said custom via layer.

12. A semiconductor device according to claim 11,

also comprising a customizable trimmer cell to fine tune said clock distribution structure, and

wherein said customizable trimmer cell is customized by said custom via layer

13. A semiconductor device comprising:
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a logic array conprising a multiplicity of logic cells, each |logic cell
including at | east one flip-flop; andat | east one netal connection |ayer
over | yi ngwoheosmikgsppl i city of identical |ogic cells forpprwsheisngs2at | east
one permanent custom zed interconnect between various inputs and outputs

t hereof, wherein said custom zed interconnect is custom zed by a customyvia
| ayer; and a multiplicity of device custom zed I/O cells, wherein said
cust om zetbgld #Ragehiddogc errayliatloding e chultiplisiay of logis taly) eaclalogaryel condprising at

sem condyct or devi c ccording to claim®6, al conpri sing a confiqurabl e
R bl octee Qhfonup bl S feiars e Bribsminednd PORBG Tl Seholb Ry Sai G
cust om vinaltipayier of 18kic &lis &tipedidihg htdéastigieipegnanem@usomized interéamneat Betwabss 0
conprising,a built-in mcroprocessor, wherein said mcroprocessor has the
ability YBlo4padsa ?%P%&&*%Pgéwfby a separate read/wite port froma
confi gur aBhiR-iRMdreRbdessod. A sem conductor device according to claim?7,

wherein said configurable RAM port includes via options for wired or logic
mul ti pl exi ng output of rnmultiple RAMs. 10. A semnmi conductor device accordi ng

to clai m#A.A hSQneRIR depicd8ecBrai@nb clim &l e ROM bl ock, and wherein content
of said configurable ROM block is custom zed by said customvia layer. 11.A

sen condeist o ceEwriziag aeicarahls RQMbloagkm 6, al so conprising a custoni zabl e
clock distribution structure, and wherein said custom zabl e cl ock
distribution structure is custom zed by said customvia |layer. 12. A

seni condb®thoremieonilectoralewioe aficarginggo ¢lain hd,.11, al so conprising a custom zabl e

trimrer . i L ? i i i wher ei n
sai d cusﬁg‘%rrlklg g%ﬂ@@ﬁ%&@% ﬁlei%%ﬂ%tg '?d gﬁitog teot?é dy&gge%&{égﬁg? %ﬁ]@ﬁﬁfayer 13. A
sem conductor device conprising:a logic array, said logic array including a

mul Ui pl i g4 LY Qfic S BEEL Secoffiflo AR Ga.c0l | comprising at |east one
| ook-up table, sai ogic array “al so conprising netal connection |ayers

over | yi nghérhia said microprocessor has the ability to perform testing of said logic array.

17. A semiconductor device according to claim 13,
also comprising a configurable RAM block, and wherein said microprocessor has the ability to

perform testing of said RAM block.

18. A semiconductor device comprising:

a logic array comprising a multiplicity of logic cells, each logic cell including at least one flip-
flop;

at least one metal connection layer overlying the multiplicity of identicalilogic cells for
providing at least one permanent customized interconnect between various inputs and outputs
thereof; and

a built-in microprocessor.

19. A semiconductor device according to claim 18,

and also comprising a configurable ROM block.

20. A semiconductor device according to claim 18,

wherein said microprocessor has the ability to load or to read content of said look-up table.
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multiplicity of logic cells for providing at | east one pernmanent custom zed
i nterconnect between various inputs and outputs thereof; and a built-in

m cr opr oowe066/014849 A sem conduct or devi ce accordi ng topciraismosdze2and al so
conprising a configurable ROM bl ock. 15. A sem conductor device accordi ng
to claim13, wherein said mcroprocessor has the ability to load or to read
content of said | ook-up table. 16. A sem conductor device according to
claim 13, wherein said mcroprocessor has the ability to performtesting of

said logjc . array. ,17. A sem cqnduct.or vi ce according to claim13, also
conpris%ﬁgAéwEH%W¢§H¥§5W83%ﬁﬂﬁﬁ@&%%?nh wherein said mcroprocessor has

t he abi | \heteih Qail BTiroprBtdsss hhdtle BHiliab PerRAM tbtiag bt salBlogib afr@yn conduct or
device conprising: a logic array conprising a nmultiplicity of logic cells,
each logic cell including at | east one flipflop; at |east one netal

connect i 9N Al R¥EIon QWESrId¥¥iBDackBaind s tihid 1gi ty of identical logic cells for
provi di ;ﬁ at | east one_permanent custom zed interconnect between various

i nput s ¥ OMPBITNG acprifrble RN blodsyandwhereinsaid wisreRiecsstoF hasthe abplity to
sem Condlbég.foﬁﬁtéiﬁl‘{%ft%aﬁ%%%ﬁ&ﬁ. to claim 18, and also conprising a
e ROM

configura ock. 20. A sem conductor device according to claim 18,
wherein said m croprocessor has the ability to load or to read content of

sai d | oo yp e&%k@uc?o]r'deﬁcengc@hxﬁﬂl%‘?ﬁglﬁ 1 device according to claim 18,
wherein Sai d m croprocessor has“the abi’lity to performtesting of said
| ogi ¢ arandywheRdn sald E@melisoothpoiseos dedivaied covaotpndsliand whereinl saidrdedigatedoxoof
conpri si ng.a gonf.igurabl. | oc I i ] . ssor has
P B P BRI AR B PR S B 1 s8R s RS 00

24. A semiconductor device according to claim 23,

and wherein said dedicated row of pads provides power connection to said logic array.

25. A semiconductor device according to claim 23,

and wherein said dedicated row of pads is an outer row of pads.

26. A semiconductor device according to claim 23,
wherein the I/O cells comprise at least three rows of pads, and wherein said dedicated row of

pads is a third row of pads.

27. A semiconductor device according to claim 23,

and wherein said dedicated row of pads has no connection to an I/O cell input or output signal.
28. A semiconductor device according to claim 11,

wherein said customizable clock distribution structure contains constant loading at each stage of
the distribution to maintain a pre-characterized delay regardless of customization by said custom

via layer.

29. A logic array comprising:
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23. A sem conductor device according to claim1l, and wherein said I/Ocells
conprise a dedicated row of pads, and wherein said dedicated row of pads is
dedi cat edwbeo@rmvssde one or nore power connections for eairaseasioosztezed |/ O
cell. 24. A sem conductor device according to claim 23, and wherein said
dedi cated row of pads provides power connection to said logic array. 25. A
sem conduct or device according to claim 23, and wherein said dedicated row
of pads & muBiplicityt &iddneival WgiPals, eactbiderficsl@agic catkioatppiking avlesse omalook-tp Ng t 0
claim 23, wherein the I/Ocells conprise at |east three rows of pads, and
wher ei n @8fd dedi cat ed row of pads is a third row of pads. 27. A

sem condgehPonfRYibe Biyas 08 Hikhé RuRipBEity o 3dendbd 10MEdetl fbr@ﬂivﬂii@%ezdiléé@tt ed row
of pads has no connection to an I/O cell input or output signal. 28. A

sem condeREtRSTMANEN atomizes Apgh gNterepnapd baaweqn Vagoas WPws aud PRuSHsiPL abl e cl ock
di st ri bubhQbin$hill WhidMrBayGOMsRnBEsueR it AB funAMiBLrRAHEFG A dhAdificRy of he
distribution to maintain a pre-characterized del ay regardl ess_of

cust oni zidetisal legic selisds enpsaf@muipber qffynstionspigtermined by & C%rrgﬁrgasatl%ﬁ%ﬁt legptipge o

mul ti pl i&ﬂs%iﬁl?&k—u{nft‘iﬁ‘l%.cal |l ogic cells, each identical logic cell conprising
at | east one looK-up table, nmetal connection |ayers overlying the
multiplicity of identical logic cells for providing at |east one pernmanent
custom z dj ' : .hetween various inputs and outputs thereof,
wherein ggﬁdéeﬁ%%gﬁ%ér%glggéb%gl ghed such that the functionality of each of
sai d nul ¢ mpltipbicityyofdhndtidesi blockd, afl legyt eneadlsdid fiinstionéblotksdbeimgrivenfigiiabileinct i ons
determn confi qur at.i on. of .at. gpe of. sai - £ s. 30. A
sem condﬁg{\/g%ogcé\‘}v?lg e ocr% r Fusrfltrllodl : Ofgalflmﬁ%? iﬁ}olcfg fstcgllgtg?l%’reg Hlt'? ?‘gsﬁ% V]gﬁ%)gﬁs, at

| east onsmndof said functional blocks being a configurable RAM bl ock, wherein

& Ot QU A O o Somertion 195ess dven g sOTLARDHRYy & ciSRE 30 bR %e"

least one permanent customized interconnect between various inputs and outputs of said
multiplicity of blocks, wherein said customized interconnect is customized by said custom via

layer.

31. A semiconductor device according to claim 30,
wherein said custom via layer is produced by wafer exposure directly from electronic data of

said custom via layer.

32. A semiconductor device comprising:

a multiplicity of functional blocks, at least one of said functional blocks being a configurable
ROM block, wherein contents of said ROM block are customized by a custom via layer, and

a multiplicity of metal connection layers overlying said multiplicity of blocks, for providing at
least one permanent customized interconnect between various inputs and outputs of said
multiplicity of blocks, wherein said customized interconnect is customized by said custom via

layer.

33. A semiconductor device according to claim 32,
wherein said custom via layer is produced by wafer exposure directly from electronic data of

said custom via layer.
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and a multiplicity of metal connection |layers overlying said multiplicity
of bl ocks, for providing at | east one permanent custom zed i nterconnect

bet ween waoi200s%01ig¥put s and out puts of said rmultiplicitypofr/dgsheslss22nher ein
sai d custom zed interconnect is custom zed by said customvia |ayer. 31.A
sem conduct or device according to claim 30, wherein said customvia |ayer
is produced by wafer exposure directly fromelectronic data of said custom
via layer. 32. A seniconductor device conprising: a nultiplicity of
functional bl ocks, at |east one, of said functional blocks being a

conf i gur #brescRaonBYRndevigh e $ingont ent s of sai d ROM bl ock are cust oni zed

by a cusj gmphisity dedctioRl®lRkul tiplicity of netal connection |ayers
overlying said nultiplicity of blocks, for providing at |east one pernmanent

cust omi zéBujtipligiscefird comeetipidaysyeevenlias sHp muiiPiay ofhigpks.forogdingat
mul tipl i ghd¥nd erﬁaa&l%alstom%%gm%ﬁie_@t tetadeR Phd R ingitsHhd QBREE b bag cust om zed

by said customvia |ayer. . sem conduct or device according to claim 32,
wher ei n saltiglicitysafbincls, avbersjresaid eustomizgd dvd conpediasd astomigsddurcugdPmned |y from
el ectronj,c. data of said customvia |ayer.34. A sem conductor device

conpri si ngz "anmultiplicity of functional blocks, a nultiplicity of metal
connect i amultplieitysofaiewict yustugniseli KD pellst wigdréin saig custontikeslck@ celisare qustomiiagidng at

| east on er manent. custom zed i nterconnect between various inputs and

out put s @*Paé%‘fuﬁ O%Y‘?u?aﬁ’ T ci ty of bl ocks, wherein said custom zed
interconnect is custom zed by a customvia layer. a multiplicity of device

custom zgg I/ O.cell 3 d\/\/n.erei n aitd ﬁusg?n‘i zed 1/O cells are custom zed by
sai d custont SFHCondyster doxige accordiiy @ St ¢or devi ce according to cl ai m 34,

wherein said custom via layer is produced by wafer exposure directly from electronic data of

said custom via layer.

36. A semiconductor device comprising:

a multiplicity of functional blocks, at least one of said functional blocks being a configurable
ROM block, wherein contents of said ROM block are customized by a custom via layer, and at
least one of said functional blocks being a configurable RAM block, wherein a configuration of
said RAM block is customized by said custom via layer;

a multiplicity of metal connection layers overlying said multiplicity of blocks, for providing at
least one permanent customized interconnect between various inputs and outputs of said
multiplicity of blocks, wherein said customized interconnect is customized by said 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.

37. A semiconductor device according to claim 36,
wherein said custom via layer is produced by wafer exposure directly from electronic data of

said custom via layer.

38. A semiconductor device according to claim 1, wherein each said logic cell further includes a

multiplexer.
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wherein said customvia |ayer is produced by wafer exposure directly from
el ectronic data of said customvia |layer. 36. A sem conductor device

conpri si ngo 2006mikdgabpl i city of functional blocks, at |eastranseosieard
functional blocks being a configurable ROM bl ock, wherein contents of said
ROM bl ock are custom zed by a customvia |layer, and at | east one of said
functional bl ocks being a configurable RAM bl ock, wherein a configuration
of said RAM bl ock is custom zed by said customvia layer; a nultiplicity of

metal coppectian |l.ayers overlyin id nmulti.plicity of bl for
o ovi di et SO B reniie e SRt i Yher R e eedifie O HERiser f ous
i nputs aNAANDiggeits of said nmultiplicity of blocks, wherein said custom zed

i nterconnect is custom zed by said customvia layer; and a multiplicity of
devi ce custom zed FO cells, wherein said custom zed VO cells are custom zed

by said gy emivdndudtéyRiice dcbordhgStB RlafiR MOkdrélh c4bB\shid o AE 6NN HRG itcfudes &1 M 36,
wherein said customyvia |ayer is produced by wafer exposure directly from

el ect r onMEltplieity fbulfaisd custom via layer. 38. A seniconductor device
according to claim1l, wherein each said logic cell further includes a

mul tipl exer.39. A sem conductor device according to claim1, wherein each
sai d | ogftk Aegmicandpqteredevicp agegeging tg clymno wharein eapg.salA legiyedloaber insfudgedi ce
accor di ng, i k&%@in11, wherein each said logic cell further includes a
nultiplicit@ of buffers. 41. A sem conductor device according to claim 6,
wherein each said logic cell further includes a nmultiplexer. 42. A

: duct . — : . : ¥
Furt hor  TE tesERUEGHRRSRE ABRo Rlalth B et LB RIARE I GGPEL |
6, wher eNANdagdie.said logic cell further includes a

43. A semiconductor device according to claim 6, wherein each said logic cell further includes a

multiplicity of buffers.

44. A semiconductor device comprising:

a multiplicity of logic blocks, and

metal and via connection layers overlying the multiplicity of logic blocks 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;

wherein said logic blocks include

a logic array, said logic array including a multiplicity of logic cells, and at least

one of:

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

a configurable RAM block, and wherein said RAM block configuration is customized by

said custom via layer.

45. A semiconductor device comprising:
a logic array, said logic array including a multiplicity of logic cells, each logic cell

comprising a look-up table, another logic element, and a multiplicity of inverters of various sizes
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multiplicity of buffers. 44. A sem conductor device conprising: a
multiplicity of logic blocks, and netal and via connection |ayers overlying
t he nul tiwbi2eedioiasad | ogi ¢ bl ocks for providing at | east ponasp@saedent
custom zed i nterconnect between various inputs and outputs thereof, wherein
sai d custom zed interconnect is custom zed by a customvia |ayer; wherein
said logic blocks include a logic array, said logic array including a

mul ti pl i sldciived§ cdngited 10 kil Sogicelematt withmissaiddogic odll toahangk thieplrive strgngthfofdevi ce
custom zed 1/O cells, wherein said custom zed I/O cells are custom zed by
sai d cusﬁa&ﬁ"%‘f’&elﬁlw‘é@‘ft’ and a configurabl e RAM bl ock, and wherein said RAM

bl ock confi guaritib@dairsy fakBdr MBlEatk hdtalsdl diadficeidnlagert ayelingde A
sem conduct or. device conpri si ncP: a logic array, said, l‘? i C arraE i ncl udi ng
a mul ti pPrEiplicityRf legigsells &xprayidipgat feapRye Permanpnt CEHYRIZe %&r%?np% B abl e,

anot her {08:€inght€ BRISutprddfle@ofMWhirbR!shidichidtodfzed MYREIBES isUustomie@YS a
si zessel ective iﬁ connected to said logic elenent within said logic cell to
y

change t®etogrYigdayetrength of said logic cell's output; said logic array

further incl qu'%drlsgiéf%aal fufthg YinBriGANDERE AL IE RAV BIdeX,Shl Whe@id he _
multiplicity of logic cells for providing at | east one permanent custom zed

i nt er con¢radigupdenrisaid RV blesk isqustomized &y said puptam viadayebf |, wherein sai d
custom zed interconnect is custom zed by a customvia |ayer, said |ogic
array further conprising a configurable RAM bl ock, and wherein a

conf i gur 4. iAowemadondwaritat dRAM tdnguiksings cust oni zed by said customvia | ayer. 46.

el udi ng. & UPEL Beeseg MY 4y iiudhy S ERREER el B IGABLEFY
| east oneonpmigingtatleast ate ineatt, ablvest NANDANINEnctam, armsiredock-hprkleup t abl e,
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 wherein

said customized interconnection provides a connection between said at least one NAND

function and said at least one inverter.

47. 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 metal and via connection layers comprise long and short metal segments,
said long metal segments comprising metal segments connected to jumpers to periodically

change tracks.

48. A semiconductor device comprising:

a logic array, said logic array including a multiplicity of logic cells, each logic cell
comprising at least one look-up table; 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,
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said logic array further including netal and via connection |ayers
overlying the nultiplicity of logic cells for providing at |east one

per manentwousésuTiged i nt er connect between vari ous i nput scans@siopizbs

t hereof, wherein said custom zed interconnect is custonm zed by a customvia
| ayer, and wherein said custom zed interconnection provides a connection
bet ween said at | east one NAND function and said at | east one inverter. 47.

A sem conduct Qheréif YieGRinfbe N shRinitgal add Vi@ dbsnedtidnd¥yerssis détenBBddbyahd ay _
including a multiplicity of logic cells, said logic array further including

met al  antPsiamizediptsEentsshrediraicats of atlpast oty derignnui tiplicity of logic cells
for providing at | east one permanent custom zed interconnect between

various inputs and outputs thereof, wherein said netal and via connection
| ayers cohhpFiessmicondiicsravaiss spmpriingat legeidgve sengicordupiar fleyings aworliingse gltmt s

conpri si pg vkt o&H &esfgﬁgﬁl@ Gd16ed Br i TPRESE t\%f@sreﬂﬁédnggtjt&adelli}fesctg g nge

tracks. 48. A sem conductor device conprising: a logic array, said |ogic
array i ntaquigé mepramemununber pEiaidmelfipliciyiof metsl hrdd vieeminedtiogilayersdb allcdispidi si ng

at Ieast“%ﬂgnhgﬁgf&gk£éble; said logic array further including metal and
via connection Tayers overlying the multiplicity of logic cells for
providing at | east one permanent custom zed interconnect between various

i nputs and out puts thereof,wherein the nunber of said netal and via
connection layers is determ ned by the custom zed interconnect requirenents
of at | eaGtA sndcotdsdtgnilevid® conlprsirgem conduct or wafer conprising at | east two

sem conduct or_devi ces accor.di ng .t | ai m 48.. . rei.n ane or nore designs
are selected ¥ gwﬁﬂgxgﬁﬁﬁﬁ%%?ﬂgﬁﬂg§ﬁW5%@H@WBP&Q’&%%?%@@ to require a comon
nunber of saididiotitafhy furthst indludiig Mbtalbdhd vid @nBRHGERE 60 BvdrBiRRrthe f or al | of
sai d sem conduct ' enm conduct or, devi ce coqg%%sin a logic

array, sZUHPHEE @tﬁ%ﬁg?eg‘%}ﬁ :%‘i?f(ﬂr ?ivgﬁ*iﬂ%?a@eﬁﬁmeipﬁwwwuwmvsg frterequnedd Pg@:"ﬁf’lﬂ | ogi c
array fugirloas inpt€lab@biputseRbf, 3Merelt s3idCRARBRTAH AlerteinedtIs AMRIINIBY at he
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.

51. The semiconductor device according to claim 50, wherein at least one row of pads is

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

52. 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
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multiplicity of logic cells for providing at | east one pernmanent custom zed
i nterconnect between various inputs and outputs thereof, wherein said

cust om zegoideangmnect is custom zed by a custom via | eyergs2esd2a27
multiplicity of device custom zed I/O cells, wherein said custom zed |1/0O
cells are custom zed by said customvia |layer, and wherein said I/Ocells
conprise at least three rows of pads. 51. The sem conductor device

accor di ng t ocodi@nimati@connkeions to agthadedaktlognarcnibwwiateipsaid custondeadblecat ed t o

provi de at | east, one. pgwer connection t ai,d.logic array. 52. A
seni con&ﬁ‘&‘letfi?orﬁél\‘?ﬁeg‘émgﬁﬁﬁi‘?sgia %.ﬁeoélep‘a’g‘?t%a%'r % said logic array including
a nultiplicity of logic cells, said logic array further including netal and

via conngction |layers overlying the nultiplicity of logic cells for
providiﬁﬁ°%ﬁmpﬁ “qBHQ“ﬁ@Fﬁéﬁﬂﬁchustonized i nt erconnect between vari ous

i nput s anfulapidiy o wirb 8§g@thts onheildlageRbfimetdblefinllZ &Anédihg b GRNP @€ probs
custom zed by a custom,via layer; and a custom zable clock distribution

st ruct urf@ds aderEup of degic FRYE. SRS 1egiorIRYa IetidM8ut i on str ucture conprises
at |east one élﬁultcipﬁciﬁ/%@‘ﬁ%{tf&ll?;_e%| 166t 86t éqhgmsing Qt BAPUR: IoOHE) Bbicmen - a
0 C

custom zabl e trinmer "ce ) fine tune said clock distributjon structure's
del ay, wher eicprnsgtion leyess ayierlyiag ihe muliiplieisy oblegic cplls ferrovidingatlepsf °8%i d cust om

via layer; aBQ‘B{éﬁ&R%& 161 MRAREEL BitwednXaRol1ASEs ARhtuRQRer&det CUI T,
wherei n said custom zabl e connecti ons determ ne the phase and frequency of

each clock. BSeconfgwellt BOMibletlsrendievi ce conprising: a multiplicity of wire
segment & on % ShRA fictd¥StessBf, nifthPhe 3D PYAEANBSGE LR Gidiodlcokly.of Pr obe

pads and a group c arrays,  eac ogli ¢ arrays including: a
multiplicity of logic cells, each logic cell conprising at |east one

| 00k Up 43R 8o Blor SAANEEH AL MGG BF hoblRmbdIE kil inflaby ©f 1 001 ©
cells for providing at Teas one permanent custom e& I nt er connect between
vari ous fiuntimn cemprisihgoeumpitipEcitylhvd desifand ancamnhorg uretab interfobedis batkgenaaid dies,

wherein

all of said multiplicity of dies are tested with a single probe of each of said reticle images.

55. The semiconductor wafer according to claim 54,

wherein said multiplicity of dies includes a ring oscillator to use in performance measurements.

56. A semiconductor device comprising:

a logic array, said logic array including a multiplicity of logic cells, each logic cell
comprising at least one look-up table,
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
wherein said at least one look up table is permanently customized by the placement of vias on a

single via layer other than said single custom via layer.

57. A logic array comprising:
a multiplicity of identical logic cells, each identical logic cell comprising at least one look-up

table,
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a built-in mcroprocessor, having the ability to performtesting of said

| ogic array. 54. A sem conductor wafer conprising a multiplicity of reticle
i mges, Swododsatiugibe i mages further conprising a nultipleceidsyoosfozétbes, and
one or nore netal interconnects between said dies, wherein all of said
multiplicity of dies are tested wth a single probe of each of said reticle
i mges. 55. The sem conductor wafer according to claimb54, wherein said

mul ti pl inodtdl yoxmfectdin%yeirsrmdeﬂgzigg the nidlﬂé;gicﬁﬁ of idericalrlogio cuse"oni proyiding ar lemace .
measurenents. 56. A sem conductor device conpriSing: ogi c_array, sa

ogi ¢ aPPayeH ARSI PES HETEPIcg R aepgPeo s FAUE: and quiptis Fiotie |

conpri siwhgredt tht @astiorAle dfesth-ofBaid alltplicitpdfdddndigal Cogdd EcllY isf dhebhghurhbg! udi ng
nmetal and_via connection |ayers overlying the ltiplicity of logic cells
for prot BipRiPnsdetermiagd l&’r?ecoﬁgg‘ﬁﬁ‘%‘rﬂf s{if 496 HPARRISS: nt er connect  bet ween
various inputs and outputs thereof, wherein said custom zed interconnect is
custom zed by a customvia |ayer wherein said at |east one |look up table is
permanent |y custom zed by the placenment of vias on a single via |ayer other
than said single customvia layer. 57. Alogic array conprising: a
multiplicity of identical logic cells, each identical logic cell conprising
at | east one | ook-up table,netal connection |ayers overlying the
multiplicity of identical logic cells for providing at | east one pernanent
custom zed direect interconnect between various inputs and outputs thereof,
wherein the functionality of each of said nultiplicity of identical |ogic
cells is one of a nunber of functions determ ned by a configuration of said
| ook-up tabl es.

35



