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sem -conductor integrated circuits of the type conprising configur e
l'ogi ¢ cj i s. The invention is a devel opnent of the co‘n% ﬂsb)ﬂgoa
| ogi c cmm,@m’m’mlﬂN'HWS disclosed in our British Paten t Specification No.
2180382 (having a corresponding U S. Patent No. 4935734) and U S. Patent
No. 5001368. In the fornmer, the logic circuit array conprises a matri x of
di screte sites or cells at 8@%@9&%% EhcicSaRrAyOgi € circuit which is
adapted to performa sinple Togic function. Typically the sinple logic
function is inplenented by neans of a two input NAND gate. As made each

| ogic circuit has at ref : Jestric . Sl

transl ati on syst e%wgy \ﬁ%%gg%chgﬁgéﬁgl%ﬁr %%il% "hegsz {sdelée‘%?%lb%(gﬂ(g':"?ie:gf
connecti on onJ; the o r. | ogic .ciscui I

parti cul arjfrgeée §ﬁ£§|dr e@(%%%%%ﬁgevc??oﬁhgat #}%ﬁi ccﬁgdlpg:lgée rﬁ%t%@?fe Lé](??lc:))llet S

conductio €, ds, L.each said logic circuit, fromits output to
i nputs of aé#?és?lgéﬁﬁgf %sroltnééysof other said logic circuits and fromits

i nputs to outputs a gegnck of : sone ,of r I ogic.cirguits, all
of the sets (for %ﬁ% of i?lne Iog(?é Ci rlguitg) egt:eh lé)ﬁ%‘geqqu%\i quoefi Sugﬁea

restricted,sig 'ré{ﬁ%ﬂ f{‘dcffbSyé&?Hh?ﬁ:ovggg”%y\gnafdiﬂﬁp%cggwnizgﬁy 4

referred to as foca i rect” connecti on pat n array

of this t . 4l ap f i D93 dyih s nn o]

confi gur e)%}ﬁeﬁ?/%?i oggk%R%D %gtl%éekgfpggg?ggﬁ?rgg,' tgcl%g%fgggram aar‘?%h afd

di fferent ' : hansgr. O fygcti @gais 0 S atgehy -
functi on adncgc&ilér:lséﬁgéﬁrggi%c %%@Hggtd?gcl oégga?r%iagp\ggllc’?i clg'tél 'on%&95180382,

a latchingiduncig@nz By be iyl epgat edr-Het-Ng+fuk D vt HSafas the
di sadvant age that the greater the nunb]ér of Igtc io%wf tﬁ%g(‘ﬁ%ns é%a‘—%pmay be

required fdpraiYed Ofi fiahiiidy oft @idenete NANPgaLes TR id Wa @t Nof
required functions. This has the effect of reducing the overal
ef fectivengseipfid heaalbgic ' oiddeit MWRNEHODsOhabpBedOURBLINE-ON8H COMES
thi s di sadvantage by providing an additional logic tircuit for inclusion in
each of thdnpgi ¢ Togtyi t Suaictsiash. di screpecalle tenenabligpach sgie to
have a greater programmable facility and thereby increase the overal
utilisati guneftiidie atsayimpdemdritéd 238038@ahbeosi hekael lingfuteantnnd ogi ¢
circuit has the aforesaid restricted signal translation system Each
addi ti onalgaltegi ¢ 23 r coatiei s emctangbslyind:t héhrthet| opghe cwhewi t mefy the site
or cell to be selectively controlled by control nmeans to cause each | ogic
circuit ameéfaddiad onad | 8gi c acirresfiticionprs sgngl eachnsekbl-ibn eyerate as
either a first or a second different sinple logic function. Mre
particul ablyy, ¥wdeh ced@chs dOEsitd uctiatce bt operat esaieatable8 ARrRCA003 3
NAND gate or as a latch circuit function. Providing such |ocal direct
connect i ofFOPEERSE Usar weatPAysit@al 1I8nIei ghbolew ngof ogtbecptbeirt logtiss
facilitates the establishment of a desired particular circuit function in a
| ocal i sedCe8RMEEFr-at i1 Bf PREGFIC LI ALY t9ach ediyechagonoatyioh phélchip
area occughed by an appropriate nunber of discrete sites of the |ogic
circuits SRdCByith&ditetePesnAsetivon atdrnduei ok ophetei oasteadseen such
| ocal i sed _confi ygatip s, for overall, circuit/systemrequirenents can be

Ph G

ei ther si hBFy®H i 188t CcOitédtiton s bFs byukretr ¢ ker 18PgEA

transl ation system of a direct cqnnection bus directly connected to

the | ogi cogi Fchtl§S%cFm€€t%%dFﬁa‘et tﬂ%@gﬁ?ﬁﬁ T atPSdC - cEBFUekanphE as a

series 0f,g£$}ﬁ’5 %nd .col ums,. Such _cqnnections m ght conveni entlﬁgbe referred
a

to as glo comedt IR TReCEGPEHST &F | deatcTiMectSebnibot FBRE QAd gl obal
i sor ot el 5 BEBas Bited 15EH ¢ TORGEos. - Hdseh ddfrtaes chioben bonBrned by
Functi ons i nat 8 o R PEERY has Boen TUOa | HILHISE mat t er SEB cofpl et e
reduces The bEr STt Vehs Bttt S At iony Bt o bhe-aBpect of

this invenli o, 8ni@ A4S COMBFPLY disadvantags bYyi ocr connection

paths.
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- ~ APR 20D3 ' 4 providing additional connection resources in an
arrangenent not previously contenplated. A feature of the af gr@-&g’ﬁtrjﬁd
configurable logic arrays is that each discrete site or cell i

this in the case of GB 2180382 each discrete site conprises a NAND gate
whilst in the case of US 5001368 each discrete cell conprises a NAND gate
and an additional logic circuit which enables the cell to function
exclusive as a NAND gate or exclusigvely as a latch circuit function.

| mpl enenting other circuit functions (be they logic functions or otherw se)
requires the vari?dus &a1d% tf betlbhfi §iPed ds r RRFRIE t PhHerPdin¥vari ous
and different circuit functions. Oher functions frequently required are
XOR and DrEOgpREMEEd Adaishdhia Rasneheadi $8dvanfdgiiihatththevayrbaver nunber
of these functions that may be required fromany logic array the fewer
gates rendPNDf ogadtafor r fui reRIEURRE i ons thhi AIF I heV aF¥@$ odn@educi ng
the overall effectiveness of the array. An object of another aspect of this
i nvent i on%iig fey egfe ke tTHRCH SB%vant 38 BRGH oiWHIGTg QN skF i 30w
different types of cells (eg. prpviding different functions) and arranged
in a part®éul & rEHELI%h tf%gi@%?%%i‘/ td8hetBoy Ghifer BBl & hA1VRY of §
utilisatiqn of the array. According to said one aspect of the invention a

- 8 AP R 9868195&€hi CondfiR&DrT 1 7EeyPRt ellCci r @didO 3 Ewpr iz est 3RS t her eof
formed with a plurality of, logic cirguits at discrete sites or cells
respectivéP?CHgPPnWﬁg %n%ﬂﬁ%@@ﬁ?ﬁ?go?sbﬁgl§Pu§n§5M%a%9§?%he'W%%$ix.array

f I1s | -divi ded at | t_int i Si tri
of sai d chifs tBRICRAAEHET Sebifor | SV atptr ¢ FAG aanddifont iR oath zone.
Struct ur SLEBABHE! RO CERPTE ofdl b HRbor PONEBAHE Frad i SUNEcSbre
connections mﬁthtbhe ﬁortinﬁgﬁ&éan qgnt of _each zone, . (ili)_nediu
connect i ofi* pa¥ ks "Bt enEVTg enci e pof PRAG arPand: T H €T east

ft Lls. i i] | di t . ti t
conpr i si G PGrBaSh col I Paat it G ST ERarTt FRAS AT Con & SR Dot ween
i nputs an f?gE?E¥§nQEst%% %%EL%i \( sel ectable as to its conduction state,
a

t hose pat hs™ éxtendi ng for each said 1ogic circuit fromits output to inputs

af a first set o&h%oggpggpgﬁggg §?§S€ng§c §%5F§E%S %gggaaﬁggtéhjgputs to

out puts of a secon sone o er’ sai I'c circurts, each first

set of | ogi L CuUi beji,n iffs f R Rir t ..l 0gi c
@%ﬁﬁﬁbéﬁ hgé & ngJJfﬁfiﬁ éﬂ”%&&!t@%ﬁ%lgl&q5b5§ir it 99

circuits, eac econd seét of c circuits bein ferent from any

other second sgt1QEibAdLR LUl lor | RiRSSENGgiLhecRLessRk | RMeRIdQ)
8 APR 2003 '

provi des a sem -
discrete site to enable each site to have a greater

programmable facility and thereby increase the overall
utilisation of the array. As with GB 2180382 the
site/cell of each logic circuit has the aforesaid
restricted signal translation system. Each additional
logic circuit is arranged within the logic circuit of
the site or cell to be selectively controlled by control
means to cause each logic circuit and additional logic
circuit compri;ing each cell to operate as either a
first or a second different simple lggic function. More

particularly, each «cell is constructed to operate as a



conductor integrated circuit conprising an area thereof fornmed with a
plurality o logic circuits at discrete sites with three | eue@s%PR 2[?)03
i'nterconnect, nanely global, nediumand |ocal, and are brought about by the
exi stence of the porting arrangenent that separates the array into zones.
The gl obal |evel interconnect can span the whole array but is separated
fromthe medium and | ocal |evel intercbnnects by the porting arrangenent,

t he medi urRANT e £oaneet aexbend tath aizane tbufusahionnnect directly with port
cells and core cells, whilst the |local interconnect provides connections
between only a femroelilisngTheuztnes carad prafwesabl ycannangédni npatmast ri x
array of zones, the plurality of zones defining a quadrant and the

i ntegratedbativesnt payshawelg pingriaghdoumfnguatognts aliscudanveditest |y
arranged in a matrix array. In a preferred construction there are 10 x 10
cells to azanel aatdes5 xhb zenedltichmequiadraht andd@sxra2dqpadtactidarThe

gl obal connection paths conveniently extend horizontally and vertically
across a ptiwrablityfohctones. ihndeed ddaliissqat efenfbyerebibaveft Aegglcoba
connection paths conprise |lines which extend continuously across nore than
one zone andoith, are. seheptaltl yndgnrecttald ecmish areheastupord ofy t he
zones. Preferably there are a plurality of gl obal connection paths for each
row and caumemfreptisten aunbee. Mfre disciBRPRS2008 ofr sher dbloyicsti | |
there are four gl obal connection paths for each row and colum of cells. As
concerns tHgquidizim condect byn pd&hles, idirestpr efepneeictbonavepatpbural ity
of these for each row and colum of cells of a zone, and preferably four
for each rowennPrwetehhonEachefpdionm cowiectddn pseh ¢enfepucasblps
connectable with an output and/or input of one or nore cells. Preferably

t he senmi - doFd@tadial htepranell/siysgem coaWizawentyst hedngl BBakPiEbeti ng
resources conprising horizontal and vertical buses extending across a zone
hor i zont alSyArdd Rier t$2hd | §iFespecConsiort i RETRH @F eP¥oAnEBFEBEE with
the port cells _and "with one another. It is preferred that they are not
connect ablfé ¢ It Her s 1 at iepne¥Aitent Py #Rer €5 s driéisech aaarersaan gl obal
connection bus for each row and colum of cells, and preferably there is a

connect i oRPYet WEHETHEY hor F9BRESECANd ter Gl HEES fOFICRAER cBPF,

Conveni ently such additional global connection paths are referred to as x
buses. 11 PSR TS abeCRar FEOAYaT ART VOrITRLT Bbrt CEFIes The

porting ar%angenent permts reﬁources to b% rqﬁted fromthe globab,lines
t hr ough t 8%t he “&d um3ithes GRUMREr eby i ntd'The TEMECW PHout "hEB&ssari |y

havi t | 1s . f t] t by | [ | | ilable f
Fanct Pon. coPoeBSsta o Fa4 Bl bR s BLaHAS T o Shbant ageous | n
that it all t | - q ; St t | I d I b

Lo i nt or connect Wt Spect b S8t BRaanAseE o At ret 70 afdnefEPlooks and
tristat [ . Cl L t j | ock
i str but on ERSASE CHILTErabry EolSITE AdRMOes HATSK ERIPRRRL, Uhlcay

5 l1nes) ex! eRdhRG-DelUPen £LOFKLDRYS bAoLIR botdpye ofyAoE; ghkay. 2

hori zontal cl I st ution spine’ (Wth'say 8 [ines), extending bet ween
clock padgnkeeoPpRYhf-HdeS O 1B apba¥ided WY S/RRSANOME&bgh hg _
vertical clock bus. Preferably there i1s a vertical clock™distribution spine

for each gene (ganverigit | ved appsfpPbtefr emet he dgnia&h choekeSRI Ne) by
whi ch clock and reset signals are distributed to the vertical port cell of

that zonerukeeishably @iy natersgie selbaibana LleEh ankd esettsignal
lines. Buffers are used in the clock signal distribution |ines as
appropri ahgttEUr thecoahraiagasroht shgnaehapatikey idy icsie-du o skedli sat ed
connection lines with the horizontal port cells, specifically wired -oR
buses (sayolgerubsi N@saey Gxs eapliin@ohen andraganecidurgdittectdyeydlh the
wired -oR core cells. Preferably connection of the wired - OR buses may be
made to seffetbinenrest Krcttad atwder oingbbbaktbuses,orey.adyyeatayodf the
hori zontal port cells. )

this invention is to overcome this disadvantage by



- B APR 2003 9 A further advantageous feature connections between

hori zontal horizontal gl obal buses. Pull provided for the V\Da)ﬁﬁpﬂmah
cells, and pull ups for t advantageously situated in the region.” i 0 have
wired -OR x buses and say three ups are advantageously in the horizontal
port he gl obal buses are vertical inter-quadrant The preferred connection
priovi sions afforded by the portjng ar#an %nent w Il be descriped further
hereinaftEFPVé@&M§\Mtquﬁ?%ﬁn?%atu?%gn%g tRE i nttégi At e Ti rctfi t .2Rccor di ng
to said anot her aifect t he invent%gn $ro§ide a%feconfigurable sem - conduct or
i nt egr at e@ &GEAGFE oAt PV L QUFRY r TR FPE@' %ore cells each of the

[ 1 havi first_si le f t] i d.at, | . bsi di
cel s having a Tirstc Sl e unction |0 sommen and ot |eact, one syt 0y
[ 1 bei dintil i Si tri , f th [ 1
cell's el 99 grouped 1 111 &5, SOMPLLSL NG 8 MLt arcay of Lhe,corcel
f ti . .The .til i tri f t | |1 th
et ons, Thg 1L comrise g TLILE B 8K of i por ol s s L er (han
f the til bst anti al i ff t. . JTh | tant til f I
of Lhe 11 Le.r e stbsiant oLy g1 itereny The rasul gl Ul ol pae cell s
i ti - AP, R 2003 t | [ i i it h i it
et o g e A0 8 DA BBl ol o U eyl rou
Accordi ng%?ﬂd‘i@ito?ﬂ%tl agpé | catl "E:é@i? anet bRr %%%fﬁ‘ﬁt Jrayhe defined,by a
confi gurabl e sem -con UC(% or |1 th egra ed cifcuit | éeh conpri ses an area

thereof ToLARdsWLl LA RAAlT tas of 10806 GLEEU be A ARGIALR sidep of

cell s respective each said Togic circu aving in comon a restricted

si ol e | ogke chunetian, canaliddiyesnd 1t bl caaht bel ngusanahl e Al

i npl ementing a si ogic tunction, and the cell “having a restricted

si gnal ”ﬁ{iﬁbe&})ge SYHhem BetApem dgput s ARACOULRM S B UihdiL fireuits

af f ordi ng ocal) direct connection” paths each selectable as to Its

conducti op.ghates HMS& PAE LN 19, HEOT cBAN 31 |RTIGRITLalh L, from

its output to 1nputs of first set of sonme of other said logic circuits and

fromits i:BpuﬁérEBrEhUt RIS Rfs @ SREONS SeEr8H£S0RR roh i@t hein&Bidhd 0gi C
circuits, each first set of logic circuits being different fromany ot her

first setophekogiipc&iilcsiy tr%eqﬁfé%l_eﬁ@Vréc?ﬂgﬁﬁgds_éﬁ:eO}B(dROgia%&!U—Cﬂ«ﬂitﬁ— bei ng
different fromany other second set of logic circuits, the integrated

circuit fardper cagpinsesnial reachih stisi@vahtager thekl taddidricenadr
optionally selectable circuit configurations selectively controlled by
control neanbetOoEnablescediihaialdnd ccloperase be aegelieeided fafen afny wo or
nore ways, and wherein there are a plurality of different optional circuit
logic array the fewer gates remain for other required
functions which has the effect of reducing the overall
effectiveness of the array.
An object of another aspect of this invention is
to overcome this disadvantage by providing a series of
different types of cells (eg. providing different
functions) and arranged in a particular manner in the
array to thereby increase the overall utilisation of the

array.

According to said one aspect of the invention a



- 0 APR 2003 |l configurations and wherein the cells are arranged in
groups, hereinafter referred to as tiles, with each tile haéi9 Rt hggst
one of each of the different circuit configurations. The s Qﬂ% 2 of
two or nore ways conprises either the sinple logic function common to each
cell or a selected subsidiary function afforded by the optionally
selectable circuit configurations. The arrangenents of the subsidiary
functions within the cells of the tile are substantially different, and the
resul tant $¢me-@Pn@BFLeri s latesigdeSo GET ¢l tini EOMREYSESvernt héga ay.
According to this aspect, there is provided a uniformarray with externally
i dentical Eeergoh?foningg Hiddi ffor miHtRkEonneef stPgetur €ieWd susdd

regardl ess_of the function of the cell. The |ntercaonnect is identical for
all cells Sismrate sites | Rruselilfe dRTDPEGoUY SLBoPeTWENT BnIREFHI*Eh cel |
supports which function but if the compbn function only is used then the

y
array can deray caf egeddfipl 80€ YNRHFG nfle Matrix gpEayurdi Gedrly fifhcti ons
are not used then the array appears as a uniformarray of sinBJe primary
functi ons.S9iedevided AFel8RSHy T ARAGOMREAM t RPRPERE 128 &y MaHr 35
possible to inplepent nost | ogic functions using the primary fungtion only,
ie. the sitpliay cefsalggcetne Aﬂ@%ﬁﬂ@%?éh?% p?%@?éﬁﬁ&ﬁﬁe EnPer&dKs on the
inputs but this is 8 AP R 2003 m not verg efficient. I.n qorder, .to inprove
the effici®HAPHehe uhPFor fPGEse 2%y i 11§ s1BVBPFAGWCHR CERd Sfbsi di ary
functions. The subsidi ar unctions, represent,optimsed inplenentations of
funct i ons TR TAVAHE oPbaleaTaN Ge. phY et G0r HRSORGRE. B57 SRS £ s
hierarchy the autol ayout tools have a flexible uniformtarget for placement
pur poses fOFRHe MY & common functions with a slightly coarser target for
t he | ess commonly used. secondary . f.unctiqns., The secondary functions could
not be usé&ﬁgg tﬁé%?b%%n t 5°88 F&P a é%?ﬁ%. Al aﬁ%@?arcﬁ? S%EP% Stion is
preferred as opposed.to. a itrary djstribution of dif ent._l ogic
Punct| ons CHREERINTT ot of neuBetita, iite oier: e ursEh Bhree
thr oughout (e anfay, & LoUR.At seammnly, dised {Unst ) ans,ateeag! eqted on
t he basis 'of ‘thei'r  Trequency of ‘6ccurrences Wthin gate array designs. The
sel ected i re_distri t gheu h ay _as the
tile, mhigﬁﬁﬁg'géﬁggﬁg%é?ﬁégereaapa%tpgg%ﬁgh {%ﬁg ?ﬁe£g%r§§iﬁ%héna%tolayout
pl acenent target, for the primary function is a cell whilst the placenent
target for a.§econdary function is a tile. Although the tile is a coarser
target it (gtijlhl neRIEsent Se@: UBLhARMISHO WG N oHIhost nbheoar bakn I n one
enbodi ment’ the common sinple logic function is a N=dD gate. Preferably the
optional | ye11- @ A@%@@Pﬁcéédseg%ghahl e tiarfdii 4+ LoNf | gYEabhonstabkerd

optional functions of :- wred out put buffer --~. lich is to be viewed

as a functingutkorfdheptpesesrs of thbi se3neci fdLal i fal X1 typetblip flop
(wth reset and enable) and latch function (with reset and enable). Thus
four different comasictiady fasteonsthbeeavydtl exedtaing abpveathci ted
function are the preferred subsidiary functions. As specified above each
tile has shikeasyieneieanhitofribe avai baklpatsusidipiys f upet onsrsHone
cells may have additional circuit configurations to facilitate by virtue of
the tile aeptangenenmebwi dioighep badgher lbenel diywiitdsandofrexampke a
2-to-1 nultiplexes; or fast carry |logic. These subsidiary functions are
chosen betapséest ey cartputmaotf omssebbool sed odnmmmnle oRquotieer amdidhi ch
woul d ot herwi se be arrived at by configuring several of the basic function
cells. Wlhaie rtdepuiifised tdmththeratnbeetobfdifdgrentiscbstsliheyngunctions
whi ch need to be enployed in configuring of an integrated circuit to
perform adiféerent feom t ivh somersubsrdtasgtf urndt ilorg bei pigreeusied nore
frequently than others. Thus we prefer to have the nunber of different

subsi di argnfufeEhonseapaid asite tof aleghe r efreatlshikeimhudl feeperter to
have two XOR functions to a tile. Furthernore, by having one cell offer

opt i onal | ¥¥ M2 rYinethews sEsiasteradt yof heodifl c AWy -and l.at ch) an

In essence the present invention provides a semi-



14 advant ages construction can be arrived at with a smaller tile

configuration. our preferred tile conprises four cells, pr ranged
as a matrix of 2 x 2 cells, and thus in the preferred enbﬁﬁ%ﬂﬁmﬁast

there is notionally one different subsidiary function for each cell, we
prefer to have two cells offering the XOR functions, one cell offering the
W red-OR function .and one cell offeming the option of Dflip flop or latch
function. Each cell has available to it its basic function, ie. a NAND
gate. Thepheheigd it aneeneant Qir@u¥t2céﬁEE§sWﬂd1 drheapbovengreberred

di stribution of subsidiary functions is such as to naturally formefficient
| arger el ety SUGH asz agtiers1 i €pUNbEr $oahe Mditid iexerst dssopationed
above for the preferred application each cell has the restricted signal
transl ati QR +a¥StARr QM &10) & & BEL o 0C Ak ei-BbRMC@NEGid sy het yegn, only
some of the cells. However, it will be appreciated that the tiling
arrangeneplegGamh berdd i lisedh j n ghicui dseW bhewlghthi s Speet fiwyreshei ct ed
transl ation system Preferably the integrated circuit has additional
connect i oaxhesenee @S wes osdbelnaboyeangdnbareithald efepacot ¢ ngheéo sai d
one aspect of the invention. The present invention will now be descri bed
further, byregyioftexasnde. onlphew dhobeler gaeelt o itftearconiBedP &aR. t 03 15
acconpanyi ng drawings, in which: Figure 1 is a diagrammatic representation
of the hiepanchheal waigluctaireawf laucohéi guephblretledgife-af ridye endddynng t he

i nventions hereof, Figure 2a shows schenmatically the basic function of a
tile of fand cellbgalsed lJavdhe ainayrobnkegtse 1byFi guttee 2b sdwowsng
schematically the alternative functions for each cell of the tile of four
cell s of Ergangefenthi gurtee 3 ndd inst r ai sedcagnantatixdarid/ anes endyoei nent  of
| ocal connections between cells, Figure 4 illustrates diagrammuatically one
seri es of bnedcam commecstt ahimpatthby tol tihepdobr cedlllss agfd acanid eeFlgure 5
illustrates diagranmatically a zone of cells and the associ ated verti cal
and hori zehiaktpothecel Il9cadi guretScamest f uprbeidgst aidergfcthensone of
Figure 5, Figure 5b illustrates a corner zone, Figure 6 illustrates

di agr ammebetubey ooty las fefw csihe®ti ons nade via the horizontal port cells,

The zones are preferably arranged in a matrix
array of zones, the plurality of =zones defining a
quadrant and the integrated circuit may have a plurality
of guadrants also conveniently arranged in a matrix
array. In a preferred construction there are 10 x 10
cells to a zone and 5 x 5 zones to a guadrant and 2 x 2
gquadrants. The global connection paths conveniently
extend horizontally and vertically across a plurality of
zones. Indeed it 1is preferable to have the global
connection paths comprise lines which extend
continuously across more than one zone and which are
selectably connectable with at least some of the zones.
Preferably there are a plurality of global connection

paths for each row and column of cells in a zone. More



Figure 7 illustrates diagrammatically details of connections nade via the

vertical port cells, Figure 7a illustrates diagrammatically details of
connections nade via the vertical port cells at the top and ngJngﬁg@es of
t he array, - 8 AP R Q03 16 Figure 8 illustrates diagra al’l etails
of connections between quadrants, Figure 9a illustrates diagrammtically
the primary clock structure, Figure Bb illustrates further details of the
clock structure of Figure 9a, and Figure 10 illustrates diagrammtically
the hier ar;fsﬁaf@fabmpeéﬁqnme%e@reoxéir@eqoaﬁcojmmglt ocbh@echiem ipths
Referring Tirstly to Figure |, this illustrates an overview of the

hi er ar chi cadyr sésdgt UHR ahat he 1aanf bguicahlies | ogi ¢ array enbodyi ng the

i nventions hereof. The array of the illustrated enbodi ment consists of

10, 000 core cel | sp€C, cahkephsWhitgle cardiemiseshascaishnphehNANDtgate. For
conveni ence the follow ng description describes the array as a regul ar
array of ogtédsSer£eaptbShager awplandldehumss.tifesat fox aeaay gbwl@ry 10
core cells CCwith associated port cells (described further hereinafter
with ref eresment OoFi gueessb6oand Zhnegnsind yhest arabhe Fbufs€erFiegtte 5a) of
which there are 100 in the illustrated enbodinment. A natrix array of 5 by 5
zones constdw ut®&sda goadmnant 13Eakbh t hedildnust ravedeentodi meatht he s
guadrants are disposed in a 2 by 2 matrix array. znter-quadrant sw tches
(general | ysalestigmal gd bynnetenbnee SGthee aFi qruep8) and/provnged ldt ween

t he adjacent quadrants. The array is 8 AP R 2003 al so provided wth user

i nput out parie et I sodescghased by blocks 1.7 (Figure 1) and the illustrated
enbodi nent has ~0 per side. Al so provided are input/output nultiplexers 18.
The circuit al so hesferebbgktser ustniecpndsiafthngi ctegkapads cCPcarid cl ock
bus CB) which is described further with reference to Figures 9a and 9b.

Ref er ri ng awospwics 6% guf @stBar andl2balhereutthare 1es¢troser gpaprising
diagrammatically a group of 4 core cells hereinafter referred to as a tile
T and di sposdigzantal 2ahy Penbicak breag. Exdrensding copprpPses & zone

two-i nput-NAND gate N1, nultiplexer neans 1dl, 2, 3 and 4 on the input side
and i nver tengigontablyeandenvertpeel lvergsiaPiiexels, Mndt gB1chparg4. Each
cell also has an output ni~ltiplexer MO _In addition to the facility for
each corec@Ineatalpke jeklh asthe sPapfe RANDSyRANE asviepresentBatBfIcircuity
illustrated diagrammatically in Figure 2a, each core cell has an extra
function Héx (fh) RFREeEE?d betRafecEBBYdAFENG TorFIRURAERBHE FRefBCare a
plurality of different functions available and each tjle co tahn% at | east
one of . t hEeh &1 alfi I ¥emEeh ohs . ChRee 41 EePPg ﬁ&ﬁqquéﬁEﬂ?P?g dt8Padsi gnat ed

by the~nunbers %afz, %%and 4 respectivel see Figures 2a ﬁ % denqti ng
di f f er ent SYPES T or u%elf°¥iega%f}lFo%Cgfg(39é%m?1%..é? P hean%
illustrated %nbo ineqh}the alternative func#i%pegvaiIa?lehto.the tépe 1
cel| is aPRer&EX2RYcMefurkt i drcorhec byl PEFICHFUnction qVaFPRbRE to the
- 8 APR %QQS vertical buses for -each cell. Conveniently such
additional global connection paths are referred to as x
buses.
It is convenient to have horizontal and vertical
port cells. The porting arrangement permits resources
to be routed from the global lines through to the medium
lines and thereby into the <cells without necessarily

having to use <cells for routing thereby leaving more

cells available for function.



type 2 cell is that of XOR as well having circuitry to provide half of a
2-to-Z multiplexes, or fast carry logic. The CIN input is driven fraomthe
type 4 cell of the tile below. The COUT output is input te-ﬂ RR/Q@O@ceII
above. The CIN and COUT signals formthe first carry logic. The type 3 cel
in the illustrated enbodi nent has two alternative avail able functions,
nanely a Dflip flop or a latch (eacld with reset and enable). The type 4
cell also has as its alternative function the x-OR f unction and

addi tionally has ©he @thebrhabi+of ckhesCi i@l t4ysor oxtidangadedulso-ih

mul ti pl exes or fast carry logic. The multiplexes and fast carry alternative
functions ¥ ret2 caneoesl | shet huenkhe lci rint éryophecthe stypetarand type
~ cells are used together. In the context of the present application the
wired- OR Oﬁp&rbaﬂr AMEr meBihypBusecs! | tos imdrecsrgardedwasnaspaldtiennat i ve
function although strictly speaking it i's not a true alternative function
in the sensgt@fcbhgepther stunetiuges. rifgur e 2Hxshpve Ci eticksy and
representative. of the functions available. to the 4 types of core cell.
The til es wreswgEasged into zones as r~~enti oned above and connecti ons

wi thin zones are nmade using | ocal interconnect described further with
reference to Fi gux€cdrd®hghdi URer angeciuitter coimest atiecanyyhene tihert he
zone. The latter conprise horizontal and vertical nmedi um buses - 8 APR
2003 19 Madmshises t helbergt hdasdrbbeadidn of cashnedae (pHre€geradwlyand
colum of cells). These are designated as ML, ' M, 2d3, Mi. Port cells
(VPC and HROpffsimges Syebaiichh, Glentt 7wt theiedgesaly edchinese nmake
connections via the nedi um buses to nei ghbouring zones or to the gl obal bus
networ k. Hxtaoohisdy batweenti cadbck buses (bceftesmncaddxpotEogurds theand 5b)
also run the length and breadth of each zone (1 per row and col um

of ~cel | s) aarxky n zonpuhevhbalwelibch dwsteluioton | $psheatf wdkhi sagadh core
cell they are used for naking right angled turns on these buses. d obal
buses G (Fiine=<)t eeXtendintie behyeknandcokeadtdinf teachrqaadeastidasd i n t he
illTustrated enbodi ment there are 4 per row and colum of core cells
identifiedfasth®, @rag3anéd AtEFegaresssald andhd) veshiceheslsck. . . S&
(Figure 8) between the quadrants allow gl obal buses to run the whole |ength
of the dewws if FPegle¥redly|thers éAvRAsHGEF UGt @UACKedLEEFIRMIELORave 4
quadrants but the nunber of zones in each quadrant nmay differ from one

devi ce to%ﬂkﬂQuﬁerteﬁghhéﬂﬁver(SPEVéﬂﬁéﬁakytﬁﬂ@@%@n&?ffxfﬁpmlﬁhﬁy 10
core cells to each zone. The global resqurces available to the array

conpri se TIREFIFVYRL | pteFkonpiee)| PHe¥PaER AP FhPREsheFEFedgRPtEhes
SGL...SG. The additional letters V and H are used fhroughout to denote
vertical &ff dkstr%@*@%@0§°2?meh8?Fg6ﬁF&IHﬂﬁﬁuﬁﬁ%%n@? CEFP 4R8%swi t ches

etc. as the resour ces _f.urt her congﬁi

be, . A obal t
above- nen F'C S%¥g§zse§15%§€? BedPhft hEFH& eitP¥RID SggaBQSFeEEFIs t hat
t bet, | obal . .Th 10 | | I
Che Top of ‘SAH FHHET t nEPVEFFTEal BBy { B8 s PG iRd T0oaFoRgSPRE I ght
hand si de {(t hQar.i tal t | ] Co ti bet ti
Fesour ces HAHAPEEREE T1aEF 1S EBPLAPBARES 20 1. . —d and the gl obal -
resources are onl é¥§€?t%5¥é£%gaggughfogoggd§gﬂs.p%%5£ cells §£§8 suppor t

connecti ons between nedi um busés”i n adj acent “zones a ar e useéd or clock

and tri st alasteledl stdould oo gleset hoed &H&gﬁhf&xﬁ%ﬁﬁﬂia&ﬁtaﬁe BELI Ng now

to Figure 7 here we illustrate diagrammtic e zone and gl oba

'buses copgaqls to dhe. werddcal poriegel LaRvPE, Rt Gelyssareyapiagged in

pairs, aligned with the core cell tiling. Four routes are possible”through

each port geellsruldddi exsis fhandshebppaEt a9edtayf e eaeh, +RBG, HLhi pl exer
B (shown as Bl and B2) supports two sepafate connéctions. Two of the zone

nmedi um buses cMkcand:dR)s ar eppisesh-£91y CoBRGGLARN tor thee ol oPad apd x buses
through nultiplexers A and C. In addition, ML and M2 from the adj acent

col um i nphBest a§ HesmLpneed 40 Lepbdik (Fhisk @ldngpMentmaéloys a cross
over connection between pairs of port cells. Miultiplexers A - 8 APR 2003

global buses, eg. by way of the horizontal port cells.



21 and C al so provide bufferred connections fromML/ M2 or ML/M in the
colum fromthe adjacent colum in the tile to or fromM/4 in the zone
above. The other two zone nmedi um buses (M3 and M) connect—BoA%tZﬂa%ﬁers
Bl and B2. Bl and 2 allow two i ndependent unbufferred Iinks to in
the zone above. M3 and M4 can be interchanged using a programuable tw st.
These interzone connections can be qied when a fast connection is required
bet ween zones. Alternate port cells ‘have either a clock (ChK) or a reset

(RST) mul ti phexeer HpamsRiasist heesouree ey the desieatgdr&kockrand
reset lines to the Dflip flop and latch core cells, ie. the type 3 cells.

The cl ock @mnfees8loral tiddwxds provi destanogrammbl @s | aver shpneRfe&l ock and
reset. Referring nowto Figure 7a, here will illustrate the connections at

the top apdhobhemedges0f duweearrayrudl~t hed Omleéim@ﬂf@%é&@ﬂﬁyto t he
vertical port cell (VPC) are with the input/output cells 17 by way of the

i nput / out proviTdled Fcaxerind 8o | nbtibesi | kust rdr athd hesei asetd Wopdrd

mul ti pl exers and one 2:1 nmultiplexes for each adjacent pair of port cells.
It will beeseen thaid t il nespenergong f thm t heyotmm hor izessal post cells
correspond to those of Figure 7 and that each port cell connects with a
respect i vadtahtadldopliexesidurtaedi t i nnthke viewt: dedlusiast ér -equadednport cel |
have a - 8 APR 2003 22 branch into the 2:1 rultipl exes which comuni cates
w th cont pehienrcuitry. At the bottom edge of the array, the |ines passing
over the zone boundary al so connect with input/output cells 17 via

mul tipl exer's. F@het wrefdiracehtcaeiéstabso porprissessa retpeotededy: 1

mul ti pl exes and a common 2:1 nmultiplexes. The |ines conprise dobal |ines
(GL. .. 4), thhe pobiringand anedingemnener cohhéct He needv;ilded. fihethespective
X buses are branched to the 2:1 nultiplexes as at the top edge. Note in
each caseheneifafteul,t iadloexey ftdedsther afeativpes o Ithy OFegrakehe is fed
froman input cell 17 IN In the illustrated enbodi nent, the input/output
connect i onigcutibie edges mirror the connections between zones. This is not
to be taken as limting, nerely an exanple and the connection to the

i nput/ out put rul Bcphedeng mépP besdd ndhretbrreaspast Hdre eurgltel @t her of
the mediuminterconnect |ines may be substituted for M3, M4 or supplenent
them |n PhReVifip@st r at ed CORGHEIRERLE he %@Hium@fﬁnné&tqucﬁ/ﬂ, MR
termnate at the |owernost cell of each zone, ie. they do not pass over the
zone boun@d¥GuitheorprAEeNPong M EHet | APURY oGfpGOrEelqed 16t aasd Afght and

| eft edges of the array accordi ng to one enbodi nent mirror the connections
to the hoFR8oRehlSpBarVing. agfAF ST FHgwPbe cERPSTUIBC Nas GIWR r3di%d i n

Figure 6 in a correspondi .anner to the, arrangenent af Figure 7b,
u!t |g:J| si ngall?\/\beaigﬁ nﬂBFi ﬁi“g%é 3ot CEJa??'oFgﬁa]ea (?H‘t”gcié"l usl% a

w11 now DR caeeTeBERE BRPRRR) v D Sy BFY R Sone GAE BE I dovi co
{eaour ob THOTRE oF Bk hane, STRBLATHIE pdlshEp Lo bR hialed S ERE Sorner of
ot or anc Vo B o GAUERIERRh GiB IMET AP AMRRR TR Rr et 8 runs
Mot i zont 311 ok Spt e HA [ Ragi s B os) Tanni ng between the hori zontal
i Sposed At Che T or SharT on ol EER TS ver 1A e 0Bk Bs "CB ARd CRS

hori zont &le 10| OCknSPi 8 OLnBHS thECShihA d ogla&agg r8_ ghebgh-3hgBaks tiCl ocks or

reset clocks) may be driven; these can be eit internally or externally

gener at e AbIRd iy UB@hctl OnknNRutrSirgNale NBY1 8ksgrbendsed 1@s agpri mary
clock by sinply routing it internally to one of the clock pads. The

hori zont aupdtesic ispi ne dsrtapesd.of f Tafe vard QustRRtNt site deirveomdl tiple
vertical clock spines VCS which run between adjacent zones to provide

cells is arranged so as to uniformly cover the array.

Said another aspect the invention has a



- 8 APR 2003 2~ one vertical channel of 8 global clock signals per colum
of array zones. In addition there are equivalent vertical channels for the
|/ O zones to~~ the left and right hand sides of the device.- h&qug@aes
to the top and bottom of the array connect to the vertical clo

di stribution channels driven up and down through the array. The primary
clock and reset signals are input intto the vertical port cells of each zone
via the zone clock and reset cells. An 8-2 nultiplexer (Figure 9b)

di stri but gsast gmal srf applibetVER i Rtiah haheer té Latuper boﬁ@'(i:gu&"?x@i@?ﬂ as
described with reference to Figure 7 alternate core cells have a cl ock
switch or desmsibedwihchinbernebyeskhack EZLEKien peseht(RST) 23isgnals, can be
distributed vertically through the zone (see also Figure 9b). Secondary

cl ocks carrateod regpy ovhdedatisapglioatdioh anald ronbtRErr esapeee @t he
circuit. Arouting conb is created by the software consisting of the

hori zont albespie®imed veytacatohedétthrable spinie-cowatetbh aneeheuted on

gl obal interconnect and connected via x bus switches. The gl obal

i nt er connetitr amiyt beh exth endedpatsessaguadranat vt ehes. rdhneal acks are i nput
into zones via the zones vertical port cells (which also provide

pr ogr ammatdlaind loicky | o er 530@ig , ciheutteck atanlicrdyethe covbaecbedckalll ip
flops on the same columm as the secondary clock. Tertiary clocks nay also

- 8 APR 2063 2S5 ey ovdalell ssidglogheentirondlt rretimg iesodmmenaad our
input into zones via the zones vertical port cells and can be routed on any
| evel of FfE&rasHrettsimeler rloginofnhotipgur edpathichty | dndt i asesdr
detailing of the horizontal port cell HPC. These provide the sanme nedium
gl obal an@MtYbudeddrthecidrdhle asof heinpienealtipgr t cceldimeseri bediabove.
Since the primary clock and reset signals are distributed only fromthe
vertical &é9PEtdeMs dowh ddre ceell cohawhsyg t ke hwstzonategorsigeal
contains no clock/reset logic. Instead, it provides support for tristate
buses. TrF5ERF&8 4R iSySEReMaerR nglAPYEEI caned Ieortipwirs al obushei t hi n

t he zone ﬁt he j9Q bus) plus the horizonal ~8I_oba2 i nterconnect. The wired

- OR out put-CBrEnfFERE e of fIdingisi efaty fdnectosanasnimetpathks t he
hori zont al 8ﬁLt ﬁell i,a the dedicated horizontal WO bus. The WO bus
connects EB-HUPELHCEREL Caish tohe HorG R ar1pBr t SEaltles. thrse rathal

mul tipl exer s fgr norgal i nterconnect. are the sane as those for the vertical
port cel | €XCFHBPHncCO8nalcat ST i Y IF ( hereBAts Faem itfaoWmythal f t he
core cell_.ro contai.n_core cells with wired-OR drivers. Therefore, there
are only ‘%‘?v%%“?%dﬁﬁ bag&s péFEor‘n’é‘f THR® nedhs PREEI héidd hahRItD be two

types of I newth.,zone wred-OR bus connecting to it (type 1),
and one V\?%&ﬁfg%tf}ﬁg ofrom -l%§ Aﬁﬁ%f%é’?ﬁBuESanvm’ar SR ORD = rom t he

type 1 hqt | .po IL_.ts fed.to t.he type 2 cell as indicated by Iine
F. This %%ﬁé;% a?Pa%\%ggu%aéén 188 e ‘%Hﬁcou%‘g?rzsﬂfi@ 3I155‘§I St?g:sé%f in every
row. The i 100 cannection o t he..gl Qbal ,buses,

al }Novm' ng P&eﬁ?cﬁﬁgﬁggg ggtggﬁ nwvl\,i re&% gfl}‘-s%]g.é’?’ﬁi g@g(?ﬁngé‘rgfis Sc,‘eathube

inverteddgsjégggr@grégigginaﬁanegggnﬁgﬁﬁaéﬁs$ﬁg$§Lng%éL%gﬁﬁﬁ¥ycito t he

gl obal interconnections, horizonal vertica n across
each quadyeanig CaIMecds 8¢t OrLARN 2Ape Wt%elh Sl %& n&®! kg ?; el'éig%r es 5,
e c e per

5a, 6 and 7. The gl obal buses conneCt to t el'l s™at i phery of
the devi edrculhes e @& 200edseteqONEl giiakl € 440168l ! Scdfnatdes at
each discrete site or cell additional optionally
selectable circuit configqurations selectively controlled
by control means to enable each cell to operate in a

selected one of two or more ways, and wherein there are

a plurality of different optional circuit



i these are arranged so that they pitch match 1 to every two core cells
around the edges of the device. dobal, nmediumand x buses (

ML...M2 or M3...M4, X) fromone core cell row or colunmm are fgeéfjaﬁmﬂﬁus
and GL...64, ML...M or M3... M4 and X fromthe adjacent row or columm are
used as outputs. An 8 bit peripheral bus runs around the whol e device which
is accessed by the I/O cells. Each Ii cell can read or wite any of the 8
bits. Wred-OR buff ers can optional be sel ected when witing to the

per i pher akobis guRefterarishpregavimeroifi gtihe 5cetlies basie sayuangeé 6h a zone
is illustrated showi ng the vertical port cells - a APB Zoo3 27 VPC and
the hori zgmpapsponte resinas tHRC deberieddtai Bis rafleeencel th Fighresl? and 6
respectively. Also illustrated is the zone CLK/RST nultiplexer. Referring
to Fi gureh3yvipggatdilfpatheonocaf iagehcopfiecttisf edichfeeent checupper and
| ower input multiplexers (A and B) of each core cell can be connected to

t he out puconéfignzathyprsel | s using the network of |ocal interconnect. This
provi des the fastest connections between cells. Thus in the illustrated
enbodi nent t he niihe Fedbestterl prowe def | Rpat &It o M B LS CePNPTLEEBm t he
outputs of cells U, LL, F, FB and FF, whil st the nultipl exer rovi des

i nput s t oefhBegotdec 1IMId & R 1 hel BREDLPS SOTEN staueagh Fcekg ard FBB
Thus in the illustrated enbodi nent each cell connects with its eight

near est pérpefigilegtsd nm%ﬁﬁﬁﬁﬁ%arEacthQPFleﬂmIlaﬁﬁﬂﬁﬂ%@se?yofthéca
connecti on pQSSIbI|ItIeS each cell connects with only sonme of the

ot her cel PBERANEL %ﬁnné@%ﬁﬁﬁﬁ@%@d ?hr%HFtBrPﬂ%ﬁ%%ﬁﬁ%ﬁ&o@%80382 Tkef erring
now to Figure 4, this illustrates how nedi uminterconnect js used for
connectloﬁ§rﬁP9ﬁPﬁn§szoﬂ§trﬁﬁear%um%%dbégglIQEWHQ%Pﬂﬁxmﬁl?%%%r%%ﬁnect
Medi um buses _are _al d for interzone connections since they connect to
t he port E@iﬂ fh&%@ %ﬁ & ot hoTF2oheAF L aAd Y o A ES R BRYi thfbuses
-per row and c Iunn f,.core cells. All medium buses connect to_the zones
port cel | 5¢S8 FBBhlg o Odn B tked § O§rrang§% R ?@O%CM”&JO‘?I‘P\%‘EWM to

t he gl obal routkﬁg network in the illustrated enbodi nrent and these are
referred $8VEE aRd*@d2 or the external medium buses. MB and M4 "the
internal” medi um huse are used. for connect i throu h the cells to
aII four adj acentCZSAsa™ %O %ﬁ% Ye appaT ﬁt’ f?'g’r% refé‘rencper? oﬂ%%u?e 6 and

Each of, 1 SrﬁV\QrEQEIUEf:th KL SXEI P10 0y BR5E el AoV des, apongct i ons

fron1tmo ne |un1buses core Iexers can c ect' to

four mediyn PUses; nEHELehAR 220 d&qﬁ’éd{]’b' bg%%efae' r LALLM agpess half

the 8 nedium USES at Cross ea conpensat e erels a

tiling of S i S Si f WO . f
g of L DuSFGRBASEH 8@ £hid Jégll 93 fﬁﬁa&-c 2 fé)g&Wt é[llfng_ Thus.

repeated in a 2 by 2 tile simlar to the core ce functl

o Lo, LSETELemeshoti Y et fere ookl |0 did mpeaeia L 11
Core Mix {opNechipns Lhew whartectdONs $@pp6fkls which function but
if the common function only is used then the array can
be treated completely uﬁiformly, ie. if the subsidiary
functions are not used then the array appears as a
uniform array of simple primary functions. There is a
hierarchy of functions within the array. It is possible
to implement most logic functions using the primary

function only, ie. the simple cells, eg. the AND gates

with programmable inversions on the inputs but this is



2/3 A M3(Vert), M(Horiz) 2/3 B ML(Vert), Md(Horiz) 2/3 OP -

M2, M3(Vert), ML, MA(Horiz) 1/4 A M2(Vert), MB(Horiz) 1/4 B Nﬂ(Vért) i2)
14 OP - ML, MA(Vert), M2, M3(Hori z) Figure 10 illustrates dlag a édﬁﬁ

for iIIustrative pur poses the hierarchy of interconnect and shows three

i nterconnect structures, nanely firstly, - 8 AP R 2003 29 the | ocal

i nterconnect structures which only hHa&ve the scope of a few cells, and
cannot connect to port cells, secondly the nediuminterconnect structures
(M whi ch rantt ywéraweef itcseope ofinaosidegl &ozdimepiene cahhdi pE€tEyenaynect
with port cells and core cell, and thirdly the global interconnect (Q

whi ch can shanthde mhnfermrraysbutacanwotJdbnnett overbdpedcelith ¢Be). It
will be apparent that these three levels of interconnect will be brought
about by tshemddistence fohcthenperting &heangerwnsidharysepuangtésnshe array
into zones. The gl obal |evel of interconnect is separated fromthe nedi um
and | ocal Hevetsent |©pbmmoﬁﬁéctlnylﬁméw&ﬂﬁmqmﬁeu@%n@éﬁ@ﬁ@ons thatAPR 2D03
3Q (~1 ains 1. A configurable sem -conductor integrated circuit conprising
a matrix aamypofcrereedenssnagachhef Pramagel | SunRthena-firBy Yriphe
function in comon and at | east one subsidiary function, there being at

| east two Wiifs erle@rsuesydi ahg autolayout tools have a flexible

uniform target for placement purposes for the more
common functions with a slightly coarser target for the
less commonly used secondary functions. The secondary
functions could not be wused on their own to complete a
design. An hierarchf of function 1is preferred as
opposed to an arbitrary distribution of different logic
functions.

The additional or subsidiary functions are
distributed throughout the array. A group of commonly
‘used functions are - selected on the basis of their
frequency of occurrences within gate array designs. The
selected group of functions are distributed throughout
the array as the tile, which 1is repeated in a regular
pattern over the array. The autolayout placement target
for the primary function is a cell whilst the placement
target for a secondary function is a tile. Although the
tile is a coarser target it still represents a uniform
resource throughout the array.

In one  embodiment the common simple logic

function 1is a NAND gate. Preferably the optionally



functions, the core cells being grouped in tiles conprising a matrix array
of the core cells smaller than the whol e array and wherein e%CtrAEdﬁ @ s at
| east one of each different subsidiary functions, and wher€T '0 of
core cells are arranged so as to uniformy cover the array. 2. A
configurable sem -conductor integrated circuit claimed in claiml in which
the arrangenent of the subsidiary fursctions within the cells of the tile
are substantially different. 3. A configurable sem -conductor integrated
circuit waieqkcgeMird sescitvaf €a t benedutratiedhan t hagrfprar abptyontll ogic
circuits at discrete sites or cells respectively, each said logic circuit
havi ng i nfe@Eibrs e+ i ohedesi ApRechogut funtidon--capadhl isytandei t sel f
only being capable of inplenenting a sinple |logic function, and the cel

havi ng a restiddact eds si ghal fum@bsbat | ofogystem betpweposaput sf andhodt put s of
the logic circuits affording (local) direct connection paths each

sel ect abl epasg itfd ddtsi @onducdR on Btaype t fiade patlsp ek iendi ngsetoandach sai d
logic circuit, fromits output to inputs of first set of sone of other said
| ogi ¢ ci r enialbd edncirfd omdttcsh i npuhstionout putts) ofresstecomddsehablesone of
other said logic circuits, each first set of logic circuits being different
from any @hher fiist seffeafedbgsgbsidiary functions are available,

and the above recited function are the preferred

subsidiary functions. As specified above each tile has

at least one each of the available subsidiary functions.

Some cells may have additional circuit configurations to

facilitate by virtue of the tile arrangement building up

higher level functions, for example a 2-to~-1

multiplexer; or fast carry logic.

These subsidiary functions are chosen because

they are functions which are commonly required and which

would otherwise be arrived at by configquring several of

the basic function cells. We have identified that the

nunber of different subsidiary functions which need to

be employed in configuring of an integrated circuit to

perform as desired resul£s in some subsidiary function

being required more frequently than others. Thus we

prefer to have the number of different subsidiary

functions available to a tile reflect this. Thus we

prefer to have two XOR functions to a tile.

Furthermore, by having one cell offer optionally two

functions (preferably the D-flip flop and 1latch) an



- 8 AP R 2003 31 circuits, and each second set of logic circuits being
different fromany other second set of logic circuits, the integrated

circuit further conprises at each discrete site or cell addigi ﬁL 0
optionally selectable circuit configurations selectively c0o ﬂgpl 3 D@
control neans to enable each cell to operate in a selected one of two or
nore ways, and wherein there are a plurality of different optional circuit
configurations and wherein the cellsldre arranged in groups, hereinafter
referred tQamtdd®s eomktencthan che Weolaratvey, awi #bthaahshihe dhavi ng at
| east one of each of the different circuit configurations, and wherein the

tiles of aells &her aghangednso as to unifornly cover the array. 4. A
sem -conductor integrated circuit as clained in claim3 in which the

sel ected one of towror ppecewaygd complieses whtpelsédbe sfopke kegile ,function
common to each cell or a selected subsidiary fi.nction afforded by the

optional | g;ﬁeej@eat@m eagrafyes aeenhki gatativorst 5.x A2sealisondndt ghus
integrated circuit as claimed in clains 1 to 4 in which the conmon si-nple
| ogi ¢ fungti ahd e NNP=@aérbodinent whilst there 1is notionally

one different subsidiary function for each cell, we

prefer to have two cells offering the XOR functions, one

cell offering the wired-OR function _and one cell

offering the option of D flip flop or latch function.

FEach cell has available to it its basic function, ie. a

NAND gate.

The preferred arrangement of 2 x 2 cells with the
above preferred distribution of subsidiary functions is
such as to naturally form efficient larger elements such
as adders, counters and nultiplexers.

As mentioned above for the preferred application
each cell has the restricted signal translation systemn
providing direct 1local interconnections between only
some of the cells. However, it will be appreciated that
the tiling arrangement. can be utilised 1in circuits
without this specific restricted translation system.
Preferably the integrated circuit has additional
connection resources as described above and hereinafter
according to said one aspect of the invention.

The present invention will now be described

further, by way of example only, with reference to the



6. A sem -conductor integrated circuit as claimed in clains 1 to 5 in which
the optionally selectable circuit configurations (different subsidiary

functions) afford optional functions of:- wred -OR out put Rufifees:; @ﬁ)é&;
D-type flip flop (with reset and enable) and l|atch functidn (M:?RZ t and
enable). 7. A sem -conductor integrated circuit as clainmed in anyone of
clains 1 to 6 in which sone cells nmayshave additional circuit
configurations to facilitate by virtue of the tile arrangenent buil ding up
hi gher | evestcdnprny dng. drawig@gap R2008.@p - 8. A sem - conduct or integrated
circuit as clainmed in claim6 in which there are two XOR functions to a
tile. 9. A sem -cohdurteol i Ategr dtlegrammalki tc aseprarfrpdatiosl sifmtéreor 7 in
which one cell offers optionally two functions, 10. A seni-conductor

i nt egr at edrigranshiaslcrarmedure clodi ma® i¢PRbighrahéet <l OIRENEHIGYs are
D-flip flip and latch. 11. A sem -conductor integrated circuit as clained

i n anyone edfbadwing theoinventions hereof,

Figure 2a shows schematically the basic function
of a tile of four cells used in the array of Figure 1,

Figure 2b shows schematically the alternative
functions for each cell of the tile of four cells of
Figure 2a,

Figure 3 illustrates diagrammatically one
embodiment of local connections between cells,

Figure 4 1illustrates diagrammatically one series
of medium connection paths to the four cells of a tile,

Figure 5 illustrates diagrammatically a zone of
cells and the associated vertical and horizéntal port
cells,

Figure 5a shows further details of +the zone of
Figure 5, |

Figure 5b illustrates a corner zone,

Figure 6 illustrates diagrammatically details of
connections made via the horizontal port cells,

Figure 7 illustrates diagrammatically details of
connections made via the vertical port cells,

Figure 7a illustrates diagrammatically details of
connections made via the vertical port cells at the top

and bottom edges of the array,



10 in which the tile conprises four cells. 12. A sem -conductor integrated

circuit as clainmed in claim1l in which the four cells are arranged_ LR a
matrix of 2 x 2 cells. 13. A seni-conductor integrated cire Qﬂ&cﬁ@bﬁsd in
claim3 in which the arrangenent of the subsidiary functions within the
cells of the tile are substantially different. 4. A sem -conduct or
integrated circuit as clainmed in claimws 1 or 2 or any one of clainms 5 to 12
when appendant to clains 1 or 2 in which an area thereof is forned with a
plurality of |ogikigureuitsiafluditsartetse &idgsannaterhs lyespsatileelof
defining said matrix array of cells, and wherein the matrix array of cells
i s sub di vaeteatidpasbeitreenz ouesir@adts conprising a matrix array of said
cells and further conprising a porting arrangenent for each zone, the

i ntegrated circuifigeraade%havi ng larsthiagres chi ¢akgraumatigcrédour che
structure conprising: (i) global connection paths which extend continuously
acr oss nornes inwary onkogbnetandthaee sel ect abl e connections with the porting

arrangenent of at | east - B AP R ~Ca3 _
Figure 9b illustrates further details of the

clock structure of Figure %a, and

Figure 10 illustrates diagrammatically the
hierarchy of interconnect provided according to the
invention.

Referring firstly to Figure 1, this illustrates
an overview of the hierarchical structure of the
configurable logic array embodying the inventions
hereof. The array of the illustrated enmbodiment
consists of 10,000 core <cells CC, all of which can be
used as a simple NAND gate. For convenience the
following description describes the. array as a regular
array of cells, comprising rows and columns. A matrix
array of 10 by 10 core -cells-cc with associated port
cells (described further hereinafter with reference to
Figures 6 and 7) constitﬁtes a zone 11 (see Figure 5a)
of which there are 100 in the illustrated embodiment. A
matrix array of 5 by 5 zones constitutes a gquadrant 13.
In the illustrated embodiment the guadrants are disposed
in a 2 by 2 matrix array. Inter-quadrant switches
(generally designated by reference SG see Figure 8) are

provided between the adjacent quadrants. The array 1is



3~ sone of the zones,

cells in
each cel

(i1) medium connection paths extending fromthe
porting arrangenent and sel ectably connectable with at | east sone of the

a zone, and (iii) local direct connection paths conpigsgﬂgRnggg
ts

a restricted signal translation system between i nput

of the cells each selectable as to its conduction state, those paths
extending for each said logic circuit7fromits output to inputs of a first
set of some of other said logic circuits and firomits inputs to outputs of
a second 8édsoof pswve d¥d otvhieth sanderoghpudi cedips; @akhs fdesigsatedf | ogic

circuits

each secobg ks |16hi CFidurccei t §) bandg dbhef erldntsfrapedngmbooemesecond
circuit. 15. A sem -conductor integrated circujt as clainmed in
cl ai m 3 ohaany 56ne pafr clsides. 4 t oAl 2owhphoappendarira o Thpwhy'Gutpubhi ch

of Logic

being different fromany other first set of logic circuits,

plurality of logic circuits at discrete sites or cells respectively
defi ni ng auvdatiplexemsayl ©f dBh¢ scinadlthadeon Nafe et ¥O&K agvaycbhreel Is is

sub-divided at |east into zones each conprising a matrix array of said
cel | s and(toeihéingonprlicsithg radortFRg arfangamsm Tus Gchvibel, ishe

integrated circuit as made having an hierarchical routing resource
struct ur edesapibsidngurther with reference to Figures Sa and 9b.

Referring now to Figures 2a and 2b, he;e there is
illustrated diagrammatically a group of 4 core cells
hereinafter referred to as a tile T and disposed in a 2
by 2 matrix array. Each cell comprises a two-input-NAND
gate N1, multiplexer means M1, 2, 3 and 4 on the input
side and inverters I1, I2 between respective
multiplexers M1, M3, M2, M4. Each <cell also has an
output multiplexer MO. 1In addition to the facility for
each core cell to be used as a simple NAND gate as
represented by circuity illustrated diagrammatically in
Figure 2a, each core cell has an extra function box (fn)
that can be selected during configuration. There are a
plurality of different functions available and each tile
contains at least one of the available functions. The 4
cells making up a tile are designated by the numbers 1,
2, 3 and 4 respectively (see Figures 2a, 2b) denoting
different types of core cell (ie. cc-1, cc-2, CC-3, CC-
4y, In the 1illustrated embodiment the alternative
function available to the type 1 cell is a wired-oOR

configuration, the additional function available to the

set

t he



(i) gl obal connection paths which extend continuously across nore than one
zone and have sel ectable connections with the porting arrangenent of at
| east some of the zones, (ii) medium connection paths extendify Pﬁhﬂﬂﬂa

porting arrangenment and sel ectably connectable with at | east sonme of the
cells in a zone, and 3 APR 2003 34 {iii) local direct connection paths.
16. A sem -conductor integrated circuigt as clainmed in claim1l4 or ISin
whi ch the zones are arranged in a matrix array of zones. 17. A
sen - condugtper 2 et at®dtbatcaft Xa8 ekai med li mavtaign |dir¢6ioryl8oi n which
the plurality of zones define a quadrant and the integrated circuit has a
pluralitypafovquedr amasf 18f Aasefrtocodductdrtimtaegeat edrcfreti taasycl ai ned
inclaim17 in which the quadrants are arranged in a matrix array. 19. A
sem - condlaokyre .i ntBor a Bl thpeti t sadreheinmégad dm t@ny oyee of 4ctaitis of4
the tile below. The COUT output 1s input to the type 4
cell above. The CIN and COUT signals form the first
carry logic. The type 3 <cell 1in the illustrated
embodiment has two alternative available functions,
namely a D flip flop or a latch (each with reset and
enable). The type 4 cell also has as its alternative
function the x-OR function and additionally has the
other half of the circuitry providing a 2-to-1
multiplexer or fast carry logic. The multiplexer and
fast carry alternative functions require 2 core cells,
thus the circuitry of :the type 2 and type 4 cells are
used together. In the context of the present
application the wired—-OR output driver of type 1 cell is
to be regarded as an alternative function although
strictly speaking it is not a true alternative function
in the sense of the other functions, Figure 2b shows
circuitry representative. of the functions available. to
the 4 types of core cell.
The tiles are arranged into zones as mentioned
above and connections within zones are made using local
interconnect described further with reference to Figure

3, or medium range interconnect to anywhere in the zone.

The latter comprise horizontal and vertical medium buses



to 18 in which there are 10x 10 cells to a zone, 5 x 5 zones to a quadrant
and 2 x 2 quadrants. 20. A sem -conductor integrated circuit as clained in

any one of claims 14 to 19 in which the global connection pat hs-axwa 2003
hori zontally and vertically across a plurality of zones. 2I. A

sem -conductor integrated circuit as clained in anyone of clains 14 to 20
in which there are a plurality of glabal connection paths for each row and
colum of cells in a zone. 22. A sem -conductor integrated circuit as

clained i Gglraidn 2lrum e chiéhetr ané beendyohat «eorinecohen(papbs for
each row and colum of cells. 23. A sem -conductor integrated circuit as

cl ai med i rcanyene @il whmios d4119)22 i Thehichntcherdeargnatpd uaal iy of
medi um connection paths for each row and colum of cells of a zone. - 8
AP R 200313~ 248, Arseni - coadtictol 16 nt ggpat edidciHRay) t( Bsgetas ned ba,cl ai m 23
nwnten 5b, 6 and 7) at the edge of each zone make connections

via the medium buses to neighbouring zones or to the

global bus network. Horizontal and vertical x buses

(referenced x) (Figures 5 and 5b) also run the length

and breadth of each zone (1 per row and column of cells)

and in conjunction with a switch (not illustrated) in

each core cell they are used for making right angled

turns on these buses. Global buses G (Figure 5a) run

the length and breadth of each quadrant and in the

illustrated embodiment there are 4 per row and column of

core cells identified as Gl1, G2, G3 and G4 (Figures 5a,

6 and 7). Switches SGl...S5G4 (Figure 8) between the

gquadrants allow global buses to run the whole length of

the device if required.

It ‘is envisaged that all devicés will have 4
guadrants but the number of zones in each quadrant may
differ from one devicé to another. It is however
preferred to have a matrix of 10 by 10 core cells to
each zone.

The global resources available to the array
comprise the global interconnect 1lines Gl1...G4 and

associated switches SGl...S5G4. The additional letters

V and H are used throughout to denote vertical and



there are four nedium connection paths for each row and colum. 2S. A

sem -conductor integrated circuit as clained in any one of clgi &pém 24
i n which each nedi um connection path is sel ectably connect abl t

out put and/or input of one or nore cells. 26. A sem -conductor integrated
circuit as clained in any one of clains 14 to 2S and conprising further

gl obal routing resources conprising p®rizontal and vertical buses extending
across a zone horizontally and vertically respectively, and which axe

connect all &y 50:hRC BAHectRdrs and el id ame anwihehes2PLcA #énithonduct or
integrated circuit as claimed in claim26 in which the further horizontal

and Ve”ic‘;:géeb}déﬁsb%r.e note 1gsnect s @it oes hefuekher 28omprA sferin®onduct or
integrated Crrcuit as claimed in claim26 or 27 in which there i s one such

further olgbal_gonngerieen bussss eradtr medndTeotimn Slexssin 21297 A
sem -conductor integrated circuit as clainmed in claim28 in which there is

a comnectLpp Belieeriihe hardZontainestd veetiean besebalor TP . 30. A
sem -conductolf Integrated circuit as clained in anyone of clains 14 to 29

conpri si ng_hgpi-zeat.al antkrerdieal 1 poporeel Eellshalend i A artdhgthent of
which permts resources to belrouted fromthe global |ines througgeto t he
nmedi UM o5ch zone (the vertical port cells vPC) and 10 along
right hand side (the horizontal port cells HPC]).
Connections between routing resources within zones via
the medium buses M1l...M4 and the global resources are
only possible through the port cells. Port cells also
support connections between medium buses in adjacent
zones and are used for «clock and +tristate net
distribution described further hereinafter.

Referring now to Figure 7 here we illustrate
diagrammatically how the zone and global ’‘buses connect
to the vertical port cells VPC. Port cells are arranged
in pairs, aligned with the core cell tiling. Four

B routes are possible =~ through each port cell-
multiplexers A and C support one route each, and
multiplexexr B {shown .as B1 and B2) supports two
separate connections. Two of the zone medium buses (Ml
and M2) are used for connections to the global and x
buses through multiplexers A and C. in addition, Ml
and M2 from the adjacent column in the tile also connect

to A and C. This arrangement allows a Cross OVer

connection between pairs of port cells. Multiplexers A



lines and thereby into the cells. 31. A sem -conductor integrated circuit

as clainmed in anyone of clains 14 to 30 in which the general igt
structure (gl obal and medi um buses) are - 8 AP R 2003 36 iﬁ?grggﬂgggﬁgile
wi th special interconnect structure, for exanple clocks and tristates, by
way of the port cells. 32. A sem -conductor integrated circuit as clai ned

I n anyone of clains 14 to 3I further fonprising clock distribution
channel s, conprising a vertical cl ock" bus ext endi ng between cl ock pads to
top and babtof 8LSChETAVEAR PHoFSHRE af CBNEK1RER ri bt ot £p? ner
extendi ng between cl ock pads to opposite.sides of the array, and .

i nt er sect MAgMAi £ he valamal Lk ®uddIdsent L mdntiictd? Fhtegrate
circuit as clainmed in claim32 in which the clocﬁlbus. nd the horizontal
clock di stei bt EoRMsPidnd ddcH HavePse | #he¥e 34, %eﬁ?g%%ﬁdﬁ%?o?om%tegrated
circuit as clainmed in claim32 or 33 in which there is a vertjcal glock

di stri but "eAigpi BeseGr dath alvhdiby GRRBRRCE &k multiplexers Bl an

B2. Bl and 2 allow two independent unbufferred links to
M3 or M4 in the zone above. M3 and M4 can be
interchanged using a programmable twist. These
interzone connections can be used when a fast
connection is required between zones.

Alternate port cells have either a clock (CLK) or
a reset (RST) multiplexer. These select the source for
the dedicated clock and reset lines to the D flip flop
and latch «core cells, ie. the type 3 cells. The clock
or reset multiplexer provides programmablé inversion of
clock and reset.

Referring now to Figure 7a, here will illustrate
the connections at the top and bottom edges of the
array. At the top edge connections to the vertical port
cell (VPC) are with the input/output cells 17 by way of
the input/output multipiexers 18. In the illustration
there are two 7:1 multiplexers and one 2:1 multiplexer
for each adjacent pair of port cells. It will be seen
that the lines emerging from the two horizontal port
cells correspond to those of Figure 7 and that each port
cell connects with a respective 7:1 multiplexer. In

addition the two x buses from each port cell have a



and reset signals are distributed to the vertical port cell of that zone.
35. A sem -conductor integrated circuit as clainmed in claim34 in which the

vertical clock distribution spine is tapped off fromthe her §z&PRI 2008ck
spine. 36. A sem -conductor integrated circuit as clained in anyone of
clainms 32 to 35 in which alternate cells have clock and reset signal |ines.
37. A sem -conductor integrated circppt as clained in anyone of clains 14
to 36 in which each cell has a common logic function and at |east one

subsi di arprfofbt Loko e & Peimyl BIPI@3eE VRd Ci f GO GG vak b
functions, the cells being grouped in tiles conprising a matrix array of
the core €ePEECANG WS EiTY -each tile has at |east one of each different
subsidiary functions. 38. sem -copnductor integrated circuit as clained in

A
clai m 37 in whichtt héhe - bptAER %% 3' Qf gi 61 eRET&bsi il YL ¥Rt i ons

conprise:- wred-OR XOR, D-type fli flggﬁand l.atch functions. 39, A
sem - condBREBENENt OF LAt ed @ r AR aPPRIAEY | A 1SCai mEIP T 3¢ WHen

appended to claim 30 conprising dedi cated connection |ines with the
hori zont aFNPBEL CREPMtcoMFL1S ng & pl Th &l | PYL6F Prieréd S-0R bd<ds riUffii ng

across each,zone _and cqnnecting di rectII)]¥iV\/ith the wired - core _clel | s.

adjacent cells also com ses a respective

multiplexer and a common 2:1 multiplexer. The lines
comprise Global lines (Gl...4), the x bus and medium
interconnect lines M3, M4. The respective x buses are
branched to the 2:1 multiplexer as at the top edge.
Note in each case one 7:1 multiplexer feeds to an
output cell 17 OUT and one is fed from an input cell 17
IN.

In the illustrated embodiment, the input/output
connection at the edges mirror the connections betwsen
zones. This is not to be taken as limiting, merely an
exanple and the connection to the input/output
multiplexers may be for more extensive. For example
other of the medium interconnect lines may be
substituted for M3, Mé¢ or supplement them. 1In the
illustrated embodiment the medium interconnect lines M1,
M2 terminate at the lowermost cell of each zone, ie.
they do not pass over the zone boundary.

The connections to the input/output cells of the
right and left edges of the array according to one

embodiment mirror the connections to the horizontal port



40. A sem -conductor integrated circuit as clainmed in claim39 in which
there are 5 wires -OR buses running across each zone. 41. A sem -conductor

AN

for exanple by way of the horizontal port cells. 42. A sem -conductor
integrated circuit ' as clainmed in cl@ m 31 when appendant to claim26 in

which there are w - connect i rlveen the further global horizontal
(55258 chR" el 3la REeRS le skobgh, g

integrated circuit as clainmed in claim39 or 40 in which caqn

wired -OR buses is nade to a certain (restricted) nunber of

buses and S piur al t A2 hor gl obal *buses?9

A AS. A59. A_. Ah. Asy..A[&R A AU, . A9.. . Ale. Ae. A 2. AN 2. Ase. AUR A&L
AT AR A&.OKﬁ%FPA%’y%’AéA‘?‘%E‘HQFA’FR‘ FhR [A[%éreél‘{‘%}‘&%@? AQéiE. ﬁ&ﬁ‘?ﬁ%?

=>

cells and a corresponding 2:1 multiplexer for

buses.

The primary clock structure, will

described. Primary clocks may originate external

R

ASR. A?. A,

Pz e+

2 4d%ilising two 7:1 multiplexers for each pair of adjacent

the %

now

b

e

to the

device via 8 special purpose-clock pads CP or from the

array by routing on general resource to the clock pads.

The clock pads CP are situated at the corner of each

quadrant (see Figure 1) and 1llustrated in further

detail with reference to Figure 9a which is a chip level

diagram. The clock bus CB runs vertically between the

top and Dbottom clock pads CP and connects

with a

horizontal clock spine HCS (having 8 1lines) running

between the horizontal clock pads to opposite sides of

the array. A central clock buffer CCB is disposed at

the intersection of the 'vertical clock Dbus CB and the

horizontal clock spine or bus (HCS). A total

of

8

global signals (clocks or reset clocks) may be driven;

these can be either internally or externally generated.

Any normal user I/O input signal may also be used as a

primary clock by simply routing it internally to

one of

the clock pads. The horizontal clock spine is tapped

off at various points to drive multiple vertical clock

spines VCS which run between adjacent zones to provide
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9b) distributes signals from the VCS into the vertical
port cell VPC and as described with reference to Figure
7 alternate core cells CC have a clock switch or a reset
switch whereby clock (CLK) or reset (RST)'signals can be
distributed vertically through the zone (see also Figure
9b).

Secondary clocks can also be provided using
conventional routing resource of the circuit. A routing
comb 1is created by the software consisting of the
horizontal spine and vertical teeth. The spine and
teeth are routed on gloﬁal interconnect and connected
via % bus switches. The global interconnect may be
extended across quadrant switches. The clocks are
input into zones via the zones vertical port cells
(which also provide programmable clock inversion), the
clock can only be connected to flip flops on the same

column as the secondary clock. Tertiary clocks may also
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be provided using conventional routing resource and our

input into zones via the zones vertical port cells and

can be routed on any level of interconnect.

Referring now to Figure 6 which illustrates
detailing of the horizontal port «cell HPC. These
provide the same medium, global and X bus connectivity
as the vertical port cell described above. Since the
primary clock and reset signals are distributed only
from the vertical core cells down core cell-cplumns, the
horizonal port cell contains no clock/reset logic.
Instead, it provides support for tristate buses.
Tristates are implemented using a dedicated horizontal
bus within the zone (the WO bus) plus the horizonal
‘global interconnect. The wired =-OR output from the
type 1 cell subsidiary function is connected to the
horizontal port cell wvia the dedicated horizontal WO
bus. The WO bus connects to multiplexer C in the
horizontal - port cells. The internal multiplexers for
normal interconnect are the same as those for the
vertical port cells.

The functional tiling within the zones means that
only half the core cell rows contain core cells with
wired-OR drivers. Therefore, there are only five wired-

OR buses per zone. This means that there have to be two

types of port cell, one with zone wired-OR bus

connecting to it (type 1), and one without (type 2).
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This means that a WO bus can drive into horizontal
global buses in every IOW. The x bus can also make a
wired-OR connection ©nto the global buses, allowing
vertical steps between wired-OR buses. This connection
can be inverted as required to maintain the sense of
signals.

With regard to the global interconnections,
horizonal and vertical global buses run across each
guadrant connecting to each zone via its port cells, see
Figures 5, 5a, 6 and 7. The global buses connect to the
I/0 cells at the periphery of the device.

.There are 200 user configurable I/0 cells 17 and
these are arranged so that they pitch match 1 to_e;ery
two core cells around the edges of the device. Global,
medium and x buses (Gl...G4, Ml...M2 or M3...H4, X) from
one core cell row or column are used as inputs and
Gl...G4, Ml...M2 or M3...M4 and X from the adjacent row
or column are used as oufputs. An 8 bit peripheral bus
runs around the whole device which is accessed by the
I/0 cells. Each 1/0 cell can read or write any of the 8
bits. Wired-OR buffers can optionally be selected when
writing to the peripheral bus.

Referring again to Figure 5, the basic structure

of a zone is illustrated showing the vertical port cells
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VPC and the horizontal port cells HPC described with

reference to Figures 7 and 6 respectively. Also
illustrated is the zone CLK/RST multiplexer. Referring
to Figure 3, regarding the local interconnect of each
cell, the upper and lower input multiplexers (A and B)
of each core cell can be connected to the outputs of
nearby cells using the network of 1local interconnect.
This provides the fastest connections between cells.
Thus in the illustrated embodiment the multiplexer A
provides inputs +to the core cell C from the outputs of
cells U, LL, F, FB. and FF, whilst the multiplexer B
provides inputs to the core cell C from the outputs of
cells UU, L, F, FB and FBB. Thus in the illustrated
embodiment each cell connects with its eight nearest
perpendicular neighbours. Each cell C will have a set
of 1local connection possibilities. Ie. each cell
connects with only some of the other cells in a manner
described in our British patent 2180382.

Referring now to Figure 4, this illustrates how
medium interconnect is used for connections within a
zone that are not possible with local interconnect.
Medium buses are also used for interzone connections
since they connect to the port cells. There are four
horizontal and four vertical medium buses per row and

column of core cells. All medium buses connect to the

zones port cells, but only two can be used for
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connection to the global routing network in the
illustrated embodiment and these are referred to as Ml
and M2 or the external medium buses. M3 and M4 "the
internal™ medium buses, are used for connections
through the port <cells to all four adjacent zones as
will be apparent from reference to Figure 6 and 7.

Each of the two input multiplexers in a core cell
provides connections from two medium buses. The core
cell output multiplexers can connect’  to four medium
buses. Therefore each individual core cell can only
access half the 8 medium buses that cross each cell. To
compensate for this  there is a tiling of bus
connections, using two different sets of connections,
repeated in a 2 by 2 tile Similar to the core cell
functional tiling. Thus, for the illustrated embodiment
each core cell in the tile connects to its horizontal

and vertical medium buses as set out in table 1 below.

TABLE 1
Core Mux Connections from: Connections to:
cell
2/3 A M3(Vert),M2(Horiz) -
2/3 B Ml (Vert),M4(Horiz) -
2/3 OoP - M2 ,M3(Vert),M1l,M4(Boriz)
1/4 A M2(Vert),M3(Horiz) -
1/4 B M4 (Vert),Ml(Horiz) -
1/4 OP - Ml ,M4(Vert) , M2,M3(Horiz)

Figure 10 illustrates diagrammatically for
illustrative purposes the hierarchy of interconnect and

shows three interconnect structures, namely firstly,
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10%&f()_3g5%%%&o 2l few cells, and cannot connect to port cells,
secondly the medium interconnect structures (M) which
only have the scope of a single zone but can directly
connect with port cells and core cell, and thirdly the
global interconnect (G) which can span the whole array
but cannot connect to core cells (CC). It will be
apparent that these three levels of interconnect will be
brought about by the existence of the porting
arrangement that separates the array into 2zones. The
global 1level of interconnect 1is separated from the

medium and local levels of interconnect by the porting

arrangement.
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Claims

1. A configurable semi-conductor integrated circuit comprising a matrix
array of core cells each of the cells having a first simple function in common and
at least one subsidiary function, there being at least two different subsidiary
functions, the core cells being grouped in tiles comprising a matrix array of the
core cells smaller than the whole array and wherein each tile has at least one of
each different subsidiary functions, and wherein the tiles of core cells are
arranged so as to uniformly cover the array.

2. A configurable semi-conductor integrated circuit claimed in claim 1 in
which the arrangement of the subsidiary functions within the cells of the tile are
substantially different.

3. A configurable semi-conductor integrated circuit which comprises an
area thereof formed with a plurality of logic circuits at discrete sites or cells
respectively, each said logic circuit having in common a restricted simple logic
function capability and itself only being capable of implementing a simple logic
function, and the cell having a restricted signal translation system between inputs
and outputs of the logic circuits affording (local) direct connection paths each
selectable as to its conduction state, those paths extending, for each said logic
circuit, from its output to inputs of first set of some of other said logic circuits
and from its inputs to outputs of a second set of some of other said logic circuits,

each first set of logic circuits being different from any other first set of logic
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circuits, and each second set of logic circuits being different from any other
second set of logic circuits, the integrated circuit further comprises at each
discrete site or cell additional optionally selectable circuit configurations
selectively controlled by control means to enable each cell to operate in a selected
one of two or more ways, and wherein there are a plurality of different optional
circuit configurations and wherein the cells are arranged in groups, hereinafter
referred to as tiles smaller than the whole array, with each tile having at least one
of each of the different circuit configurations, and wherein the tiles of cells are
arranged so as to uniformly cover the array.
4, A semi-conductor integrated circuit as claimed in claim 3 in which the
selected one of two or more ways comprises either the simple logic function
common to each cell or a selected subsidiary function afforded by the optionally
selectable circuit configurations.
5. A semi-conductor integrated circuit as claimed in claims 1 to 4 in
which the common simple logic function is a NAND gate.
6. A semi-conductor integrated circuit as claimed in claims | to 5 in
which the optionally selectable circuit configurations (different subsidiary
functions) afford optional functions of:- wired -OR output buffer; XOR; D-type
flip flop (with reset and enable) and latch function (with reset and enable).
7. A semi-conductor integrated circuit as claimed in anyone of claims 1 to

6 in which some cells may have additional circuit configurations to facilitate by

virtue of the tile arrangement building up higher level functions.

-
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8. A semi-conductor integrated circuit as claimed in claim 6 in which

there are two XOR functions to a tile.

9. A semi-conductor integrated circuit as claimed in claim 6 or 7 in which

one cell offers optionally two functions.

10. A semi-conductor integrated circuit as claimed in claim 9 in which the

two functions are D-flip flip and latch.

11. A semi-conductor integrated circuit as claimed in anyone of claims 1 to

10 in which the tile comprises four cells.

12. A semi-conductor integrated circuit as claimed in claim 11 in which the

four cells are arranged in a matrix of 2 x 2 cells.

13. A semi-conductor integrated circuit a claimed in claim 3 in which the

arrangement of the subsidiary functions within the cells of the tile are

substantially different.

14. A semi-conductor integrated circuit as claimed in claims 1 or 2 or any

one of claims 5 to 12 when appendant to claims 1 or 2 in which an area thereof

is formed with a plurality of logic circuits at discrete sites or cells respectively

defining said matrix array of cells, and wherein the matrix array of cells is sub-

divided at least into zones each comprising a matrix array of said cells and

further comprising a porting arrangement for each zone, the integrated circuit as

made having an hierarchical routing resource structure comprising:-

(i) global connection paths which extend continuously across more than

one zone and have selectable connections with the porting arrangement of at least
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some of the zones,

(i1) medium connection paths extending from the porting arrangement and
selectably connectable with at least some of the cells in a zone, and

(iii) local direct connection paths comprising for each cell a restricted signal
translation system between inputs and outputs of the cells each selectable as to its
conduction state, those paths extending for each said logic circuit from its output
to inputs of a first set of some of other said logic circuits and from its inputs to
outputs of a second set of some of other said logic circuits, each first set of logic
circuits being different from any other first set of logic circuits, and each second
set of logic circuits being different from any other second set of logic circuit.

15. A semi-conductor integrated circuit as claimed in claim 3 or any one of
claims 4 to 12 when appendant to claim 3 in which the plurality of logic circuits
at discrete sites or cells respectively defining a matrix array of cells, and wherein
the matrix array of cells is sub-divided at least into zones each comprising a
matrix array of said cells and further comprising a porting arrangement for each
zone, the integrated circuit as made having an hierarchical routing resource
structure comprising;-

(i) global connection paths which extend continuously across more than
one zone and have selectable connections with the porting arrangement of at least
some of the zones,

(ii) medium connection paths extending from the porting arrangement and

selectably connectable with at least some of the cells in a zone, and
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(iif) local direc-t connection paths.
16. A semi-conductor integrated circuit as claimed in claim 14 or IS in
which the zones are arranged in a matrix array of zones.
17. A semi-conductor integrated circuit as claimed in claim 14, 15 or 16 in
which the plurality of zones define a quadrant and the integrated circuit has a
plurality of quadrants.
18. A semi-conductor integrated circuit as claimed in claim 17 in which the
quadrants are arranged in a matrix array.
19. A semi-conductor integrated circuit as claimed in any one of claims 14
to 18 in which there are 10 x 10 cells to a zone, S x 5 zones to a quadrant and 2
X 2 quadrants.
20. A semi-conductor integrated circuit as claimed in any one of claims 14
to 19 in which the global connection paths extend horizontally and vertically
across a plurality of zones,
21. A semi-conductor integrated circuit as claimed in anyone of claims 14
to 20 in which there are a plurality of global connection paths for each row and
column of cells in a zone.
22, A semi-conductor integrated circuit as claimed in claim 21 in which
there are four global connection paths for each row and column of cells.
23. A semi-conductor integrated circuit as claimed in anyone of claims 14
to 22 in which there are a plurality of medium connection paths for each row and

column of cells of a zone.
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24, A semi-conductor integrated circuit as claimed in claim 23 in which
there are four medium connection paths for each row and column.

25. A semi-conductor integrated circuit as claimed in any one of claims 14
to 24 in which each medium connection path is selectably connectable with an
output and/or input of one or more cells.

26. A semi-conductor integrated circuit as claimed in any one of claims 14
to 25 and comprising further global routing resources comprising horizontal and
vertical buses extending across a zone horizontally and vertically respectively,
and which are connectable with the port cells and with one another.

217. A semi-conductor integrated circuit as claimed in claim 26 in which the
further horizontal and vertical buses are not connectable to the cells.

28. A semi-conductor integrated circuit as claimed in claim 26 or 27 in
which there i1s one such further global connection bus for each row and column of
cells.

29. A semi-conductor integrated circuit as claimed in claim 28 in which
there is a connection between the horizontal and vertical buses for each cell.

30. A semi-conductor integrated circuit as claimed in anyone of claims 14
to 29 comprising horizontal and vertical port cells, the porting arrangement of
which permits resources to be routed from the global lines through to the medium
lines and thereby into the cells.

31. A semi-conductor integrated circuit as clatmed in anyone of claims 14

to 30 in which the general interconnect structure (global and medium buses) are
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interconnectable with special interconnect structure, for example clocks and

tristates, by way of the port cells.

32. A semi-conductor integrated circuit as claimed in anyone of claims 14
to 31 further comprising clock distribution channels, comprising a vertical clock
bus extending between clock pads to top and bottom of the array, a horizontal
clock distribution spine extending between clock pads to opposite sides of the
array and intersecting with the vertical clock bus.

33. A semi-conductor integrate circuit as claimed in claim 32 in which the
clock bus and the horizontal clock distribution spine each have § lines.

34. A semi-conductor integrated circuit as claimed in claim 32 or 33 in
which there 1s a vertical clock distribution spine for each zone by which clock
and reset signals are distributed to the vertical port cell of that zone.

35. A semi-conductor integrated circuit as claimed in claim 34 in which the
vertical clock distribution spine is tapped off from the horizontal clock spine.

36. A semi-conductor integrated circuit as claimed in anyone of claims 32
to 35 in which alternate cells have clock and reset signal lines.

37. A semi-conductor integrated circuit as claimed in anyone of claims 14
to 36 in which each cell has a common logic function and at least one subsidiary
function, there being at least two different subsidiary functions, the celis being
grouped in tiles comprising a matrix array of the core cells and wherein each tile
has at least one of each different subsidiary functions.

38. A semi-conductor integrated circuit as claimed in claim 37 in which the
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different subsidiary functions comprise:- wired-OR; XOR; D-type flip flop and
fatch functions.

39. A semi-conductor integrated circuit as claimed in claims 37 or 38 when
appended to claim 30 comprising dedicated connection lines with the horizontal
port cell comprising a plurality of wired -OR buses running across each zone and
connecting directly with the wired -OR core cells.

40. A semi-conductor integrated circuit as claimed in claim 39 in which .
there are 5 wires -OR buses running across each zone.

41. A semi-conductor integrated circuit as claimed in claim 39 or 40 in
which connection of the wired -OR buses is made to a certain (restricted) number
of global buses, for example by way of the horizontal port cells.

42. A semi-conductor integrated circuit 'as claime,d. in claim 31 when

appendant to claim 26 in which there are wire -OR connections between the

further global horizontal buses and a plurality of the horizontal global buses.



