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Title : Configurable |ogic array DESCRI PTI ON The present' I nvent i omesr el at es

to sem. -conductor integrated circuits of the type conprising configurable
Iog|E cir®uit arrays. The invention is a devel opnent of the configurable .
logic circuit arrays disclosed in our British Patent SpeC| fication No.

2180382 (haV| ng a corresponding U. S. Patent No —S—Pat-ent

1 T acchT
No. 5001368." In the forner, the logic circui %ecﬁwc %E mat r§(§< of
discrete sites or cells at each of which i ¢ a ’é“?’eu.r’?g%; Thtq gaged .12

adapted to pegf;qm.a i ‘Hr’cﬂl | y Paeile s iprged “’
| ogi ¢ functi onr:[I I%S@I CI%e@ gglbf)i% o l%n%%r%'o{ ptnefANDgpst .- to medrade
each.logic circuit has what may be referred t ?‘ﬁ"fwéstrmezeéd i d.4%....

translation systemby which each logic cirl@ATE QRRECRIPECL a.bl..e ...... d.l...r..Q.C..'E.
DESCRIPTION

The present invention relates to semi-con&uctor
integrated circuits of the type comprising configurable
logic circuit arrays.

The invention is a development of the
configurable logic circuit arrays disclosed in our
British Patent Specification No. 2180382 (having a
corresponding U.S. Patent No. 4935734) and U.S. Patent
No. 5001368. In the former, the logic circuit.array
comprises a matrix of discrete sites or cells at each of
which is a logic circuit which is adapted to perform a
simple' logic function. ~ Typically the simple. logic
function is implemented by means of a two input NAND
gate. As made each loglc c1rcu1t has what may be
referred to as a restricted s1gnal translatlon system
by which each .logic circuit has selectable direct
connection paths to only a few of the other logic
circuits. More particularly each direct connection path
which is sélectable‘?s to its conduction state, extends,
for each said logiémcircuit, from its output to inputs
of a first set of some of other saia logic circuits and

from its inputs to outputs of a second set of some of

other said logic circuits, all of the sets (for all of




connection paths to only a few of the other logic circuits. Mre

particularly each direct connection path which is selectable as to its
conductionistate, extends, for each said logic circuit, fromits output
inputs of a first set of sone of other said logic circuits and fromits

I nputs. to outputs of a second set of some of other said logic circuits,
of the sets (for all of . 2 the logic CIL?UIIS) each being unique.
Such - a restricted signal translation systenfprovides what can be

T ype Vi o ERLadAR ST STERkTH) oo paRRLa B e e, 2868
configure the V?égeyfcted signal translation system provides what can
lbe conveniently referred to as l&cal'direct connection
paths. .
An array of this type 1is capable of being

programmed in such a manner as to configure the various

different logic functions. One such function is known

as a latching' function and in the logic array as

NAND gates, as required, to perform various . and

to

al |

disclosed in Specification No. 2180382, a latching

function may_be.implemented using four NAND gates. This
has the disadvantage that the greater the number of
latching functions that may be required fiom any logic
array, the fewer NAND gates remain for other required
functions. This has the effect of reducing the overall
effectiveness of the array.

The invention of U.S. 5001368 overcomes this
disadvantage by ;moviding an additional logic circuit

for inclusion in each of the logic circuits at each

discrete site to enable each site to have a greater .

programmable'fécility'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 translatioﬁ system. ‘Each additional
logic circuit is arrénged within fhe {ogic circuit of

the site or cell to be selectively controlled by control



NAND gates, as required, to perform various . and different |ogic
functions.  One such function is knowmn as a latching function and in
the logic’ array as disclosed in Specification No. 2180382, a
| at chi ng function may be inplenented using four NAND gates. This has the
di sadvant age that the greater the nunber of latching functions'that may be
required fromany |ogic array, the fewer NAND gates remain for other
requi red functions. This has the effect of reducing the overal
effectiveness g lle Al @asdNBabAvaHion irdhft QAT I0RPIRALITARLN S
di sadvant age by providing an a &rti onal logic circurt for 1nclusionin each
of the logic CiJiGllig a&of.?ek!s%gcr@at&seeﬁ_ﬂ Ot%naééasrse&h & teitRepave a
greater programmable facilTty and thereby increase the overall utilisation
of the array.fjrASs oM tah sdeBndl333Fericht Finpire!lo@ic epshct Dol & Qidrali t
has the aforesaid

- particularly, each cell is constructed to operate as a

NAND gate or as a latch circuit Ffunction.

Providing such local direct connection paths
between physically neighbouring 1logic circuit sites
facilitates the establishment of a desired particular
circuit function in a localised configurafioﬁ of logic
circuits, ie. in part only of the chip area occupied by
an appropriate number of discrete sites of the logic
circuits and by the direct_ connection paths.
Interconnections between such localised configqurations
for overall circuit/system requirements ‘can be either
simply by said direct connection paths or by a further
signal translation system by way of a direct connection
bué directly connected to the 1logic circuits and
extending throughout the array - for example as a series
of rows and -=columns. Such connections might
conveniently be referred to as global connections.

The so-called local direct connections and global
connections constitute routing resources which are used
to connect +to disdretely programmed logig functioﬁs.
These resources can be combined by routing through a
cell in order. to complete the connection between

functions. Once a logic circuit has been used in this



Testricted signal translation system Each additional logic circuit is
arranged within the logic circuit of the site or cell to be selectively

~control | ed’ by control 3 nmeans to cause each logic circuit and additional
|l ogic circuit conprising each cell to operate as either a first or a second
different sinple logic function. Mre particularly, each cell is

constructed to operate as a NAND gate or asga latch circuit function.
Provi di ng such | ocal direct connection paths between physically :

nei ghbouri ng | Qgi€esi £6UEbmpibes tREI LbhetRs LRRtEILAAL éﬁg%ﬁ&t%aﬁ. fgsired
particular circuit function in a |localised Configuration of logic Circuits,
ie. in part oniyngért be GlEdd afe@ OGAUPLEGH.DY This reduces the overall
effectiveness of the array. An object of one aspect of
this invention is to overcome this disadvantage by
providing additional connection resources in an
. arrangement not previously contemplated.

A feature of the afore-described configurable
logic arrays is that each discrete site or cell is
identical thus in the case of GR 2180382 each discrete
site comprises a NAND gate whilst in the case of US

| 5001368 each discrete cell comprises a NAND gate and an
additional logic circuit which enables the cell to
function exclusive as a NAND gate 6: exclusively as a
latch circuit function. Implementing other circuit
functions (be thef logic functions or otherwisé)
requires the various cells to be configured as required
‘to perform various and different circuit functions.
Other functions frequéntly required are XOR and D-flip-
flop. 'Again this has the disadvantage that the greater
‘number of these functions that may be required from any
lqgic 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



an appropriate nunber of discrete sites of the Iogigicé
di rect connection paths. |nterconnections between su
configurations for overall circuit/systen1requirenenﬁa
by said direct connection paths or by a further sign

r

e laced
WA
I syst

C 'tg and by the

nply
em

by way_ of a direct connection bus directly connected to the logic circuits
and .extendi ng throughout the array - for exagple as a series of rows

| col umms.

Such

and

connections. mght conveniently be referred to as gl obal

connecti ons. The, &0 toid pdah@calrilifed £ANRECHEPRSANErJndliderC aNEELL ONS
constitute routing resources which are used to connect to discretely
programmed | ogi £r#icid Oiifer JHE SEnd 0508k Celse CoPePR1L0TRENEEabY ok Ot | fige
through a cell.in order to conplete the connection between functions.

a logic circuitatsybeen used in this

Accqrding to said one aspect of the invention a
semi-conductor integrated circuit comprises an area
thereof formed with a 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 combrisiné 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:-

(1) global connection pgths having selectable
connections with the porting arrangement of each zone,
(ii) medium connection paths extending between the
porting arranéement and at least some oq the cells in a
zone, and

(iii) 1local dirgct connection paths comprising for each
cell a festricted signal translation 3ystem between
inputs and outputs of the cells.each selectable as to

its conduction state, those paths extending for each

Once

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



4 matter to conplete the routing that |ogic CIFCUFY—Eéﬁ-ﬁb Ionger be used
f or functlon Thi s reduces the overall effectlvqﬁg§§mqﬁsn
object of one aspect of this invention is to over

provi ding additional connection resources in an acgmgﬁ! m‘a previously
contenpl ated. A feature of the afore-described con ogic arrays is
that each discrete site or cell is identical thus in the case of GB 2180382
each. discrete site conprises a NAND gate Wwhilst in the case of US 5001368
each discrete cell conmprises a NAND gate .and an additi.onal Iogéc circuit

whi ch enabl e§iffereat from uﬁE‘Q’l gihekc) HrFE gt G e O St si vel y

as a latch CIrCUIt functi mentin er .circu
nd each secon set oEplog éircul e{ng élfferent

vantage by

from any other second set of'logic'circult.

In essence the present invention provides a semi-
conductor integrated circuit comprising an area thereof
formed with 'a plurality of logic .circuits at discrete

= sifes with three levels of interconnect, namely global,
medium and 16cal, and are brought about by the
existence of the porting arrangement that sepafates the
array into =zones. The global level interconnect can
span the whole-afray but is separated from the medium
and local level interconnects by the porting
arrangément, the medium interconnect extend af ?a zoﬁe
but can connect directly'with port cells and core cells,
whilst the 'ldcal interconnect provides connections
bétween only a few cells. u

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
6f quadrants 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 quadrant and 2 x 2
guadrants. The global connection paths convenientiy
extend horizontally,and vertically across a piurality of
zones. Indeed it 1is preferable to.have the global

conngction paths comprise lines which extend



functions (be they logic functions or otherwi se) requires the various cells
1 to be configured as required to performvarious anthiglhkdt&lacBeen Replaced t
functidns. Other functions frequently required are X [ flop.
Again this has the disadvantage that the greater nu#ﬂﬂl uncti ons
that may be required fromany logic array the fewer gates renmain for other
requi red functions which has the effect of feducing the overal

. effectiveness of the array. An object of another aspect of this invention

IS 10 Over Compdril il ?/argc?&fséoy W5 | dkWana 8861 86nef afif WRLERt at¥pes
of cells (eg. prOV|d|ng fferent functions) and arranged.in a

g?ri 'hgugﬂ a;mfglgredﬁaﬂlf}ﬁ cﬁfﬂr?étﬁéblé’leoﬁﬂﬂy abciease tbmeoveratheutbhésation
Preferably there are a plurality of global connection
paths for each row and column of cells in a 2zone. More
preferably still there are four global connection paths

for each row and column of cells.

As concerns the medium connection paths, it is
preferred to have a plurality of these for each row and
column of cells of a zone, and preferably four for each
row and column. Each medium connéction path is
selectably.connectable with an output and/or input of
one or more cells. |

Preferably the sémi-conductof integrated circuit
comprises further global routing resources comp;ising
horizontal and vertical buses extending across a zone
horizontally and vertically respectively, and which are
connectable with the port ;cells and with one another.
It is preferred that'théy .are not connectable to the
cells. Convénien;ly there is one such.additional global
connection bus fof each row and column of cells, and
preferébly there is a connection between the horizontal
and vertical buses for each cell. Conveniently such
additional global connection paths are referred to as x
buseé.

It is convenient to have horizontal and vertical

port cells. The porting arrangement permits resources



According to the invention a sem -conductorint egrated—ci+eui-t—compri-ses an
area thereof formed with a plurality of |ogic circq%%§h Lscrete sites or

t.d
cells respectively defining a matrix array of cells,j Has Been, PRt ri x
array of cells is sub-divided at |east into zones e aiﬂ a matrix
array-of said cells and further conprising a portin or each

zone, the integrated circuit as nade having an hierarchical routing
resource structure conprising:- (i) global connection paths having

sel ect abl e cdro duet immsted tfrdmetlporgliotophrl ingenehroufhatol ehet mediemof t he
zones, (ii) nmedium connection paths extendi ng between the porting
arrangenent dnicheg |aabt themehy tinteeltleioehlzowéthantt neceksshiay| the
connections between.the gl obal connection lines and the cells are via the
porting arradfenigid thdsecald ufiaonmeutbng phherebyndleavingi noyel ocal

di rect connection paths conprising for each cell a restricted signal
transl ati on cells available for function. - '

‘The use of port cells is also advantageous in
that it allows -the general ‘"interconnect structure
(global and medium buses) to interconnect with special
interconnect stfucture, for egample clocks énd
tristates.

Accordihgly, the circuit advantageously further
comprises clock diStribﬁtion channels, ' preferably
comprising a vertical clock bus . (with say 8 lines)
extending between clock pads to top and bottom of the
array, a horizontal clock distribution spine (with say 8
lihes), extending between clock pads to opposite sides-
of the array and intersecting with the vertical clock
bus. Preferably there is a vertical clock distribution
spine for each zone (conveniently tapped off from the
horizontal clock Epine) by which clock and reset signals
are distributed to the vertical port cell of that zone.
Preferably alternate core cells have clock and reset
signal 1lines. Buffers are used in the clock signal
distribution lines as appropriate.

Further advantageous of signal paths arise from
dedicated connection 1lines with the - horizontal port

cells, specifically wired -OR buses (say 5) running



system between inputs and outputs of the cells each selectable as to its
‘conduct ion state, those paths extending for each SalhidSHeﬂﬁ'as:B@hR jced fr om

its output to inputs of a first set of some of other rcuits
and fromits inputs to outputs of a second set of s id logic
circuits, each first set of logic circuits being differen rom any ot her

first set of logic circuits, and each secong set of logic circuits being
different fromany other second set of logic circuit. In essence the

‘present inventi@Ro8E08AERS BoHENMAnAOBEHAREE I NG BFlced WCiwitH tthEORTARed NY
an area thereof formed with a plurality of logic circuits at discrete sites
with three | evebr ebrentelienneprefaanplly gbahabtishdiofmtied wieald -ard are
‘brought about by the existence of the porting arrangenment that separates
‘the array intobuseesma¥hebgl mbde | toeh i obrtednndeestanictpd) Humberolof
array but is separated fromthe nmediumand | ocal |evel interconnects by the
porting arranggheba]l busesgpdédgm byt wayorfiecthexhemd zentalzoportucedds.
~connect directly with port cells and core cells, whilst the |ocal

i nt er connect phovfasthesnnadvabhsgpenseciiestibyea fisw &6l have wired -OR

connections between horizontal- x buses and say three
horizoqtal global buses. Pull ups are advantageously
-provided for the WO buses, eg. in the horizontal port
cells, and pull ups for the global buses are
advantageously situated in the vertical inter-quadrant
region.

‘The preferred connection provisions afforded by
.the porting .arrangement will be described further
hereinafter, along with other features of the integrated
circuit. |

According to said another aspect the Inventiqn
_provides a -configurable semi-conductor integrated
circuit comprising a“ﬁétrig array of core cells each of
the cells hévingia first simple function in commoh 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 and wherein each tile has at least one of each
different subsidiary functions.

The tiles comprise a matrix array of fhe core

cells smaller than the whole array. The arrangements



7 The zones are preferably arranged in a matrix array of zones,

a pIurallty of quadrants al so conveniently arrange

preferred construction there are 10 x 10 cells to

plurality of zones defining a quadrant and the |nfbﬁim&edsnaﬁa &mmay have

rray.
_ JH 5 zones to
a quadrant and 2 x 2 quadrants. The gl obal connection pa niently
:extend horizontally and vertically acrosgpa plurality of zones.

In a

The gl obal

connection paths conprise |lines which extend continuously across nore than

one zone andophiGRs2REasd eahaklivneomietiabthaiddl Rl dFatie IR efrd he
zones. Preferably there are a plurality of global
row and col ugﬁbgtaﬁehhn?n difgeeenthr e prmefecr aldgnitdnd #iley efargmrieour

gl obal connection paths each row and colum of cells. As concerns the

connection paths for each

medi um connegklldB pat Asranbeids spr akertice dintid drandey acptar dihe \arofayt.nese for

each row and colum of cells of a zone,

and col um.

output and/or input of one or nore cells. Preferably the sem -conductor

I nt egrated
hori zont al

and preferably four for each row

Each ngdidm eoothetri on asgeict s $dlect dniverduiomect difse W th an

cpacticutanpr eppd iratiesr idhal theutdimPuids snddguasiiansi ng

and vertical buses extending across a zone horizontal
described in the aforesai British Patent No. 2180 02.

Accordingly in that application said another aspect may
be defined by a configurable semi-conductor integrated
ciicuit 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 functién capability and itself
only being capable of implementing a simple 1logic
function, and the cell having a restricted signal
translation system between inputs and outputs of the
logic circuits affording (local) difect 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 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



and vekticaLIy respectively, and which are connectfable with the port cells
and with one another. It is preferred that 'they arerhighes BasBeeh Billeeed 0 t he

cells. Conveniently there is one such additional gl ol bus for
each row and colum of cells, and preferably there i bet ween
the horizontal and vertical buses for each cell. Convenrently suc
addi ti onal gl obal connection paths are refygrred to as x buses. 8 It.is

conveni ent to have horizontal and vertical port cells. The porting

arrangenent peifigbth$iQUieesyit RRrrdwed tiked tde dhobadly | destidrugh to
the nmediumlines and thereby into the cells wthout necessarily having to

use cells for bép%in%&o,tlhe'&rfé%sl RV RGABIEE &RIH S cwEl | 8! eop@rateinut ipn.
The use of poerf cells is also advantageous in that it allows the general

i nterconnect glneetese ongl okd taiad oredior® ka3es) - 4rd iwheredmntisdreni die
speci al interconnect structure; for exanple clocks and tristates.
Accordingly, the c@ﬂmubﬂi&@vantag90usbﬁfﬁ&nkhﬂr pon@ptﬁmnablockcircuit
drstribution configurations and wherein the cells are arranged in
groups, hereinafter referred to as tiies, with each tile
having ~ at least one of each of the different circuit
configurations.
The selected one of two or more ways éomprises‘
eithér the simple logic function common to each cell or
a selected subsidiary  function afforded by the
optionally selectable - circuit configurations. The
arrangements of the subsidiary functions within the
cells of the tile are substantially different, and the
resultant tile of cells is arranged so as to uniformiy
cover the array.
According to this aspect, " there is provided a
uniform array with externally identical cells allowing a
uniform interconngct structure to be used regardless of
the function of the cell. The interconnect is identical
for all cells within a tile;' In use Ehe autolayout
tools will know which cell supports which function but
if the cémmon function only is used then thelarray can.
be treated cdmpletely uniformly, ie. if the subsidiary

functions are not used then the array appears as a

uniform array of simple primary functions. There is a



channel s, preferably conprising a vertical clock bus (Wth say 8 [ines)

extendlng bet ween clock pads to top and bottom of TMﬁﬂﬁm aaRﬁmmuzontal
clock distri‘bution spine (with say 8 lines), extend ck pads
to opposite sides of the array and intersecting mnt cl ock

bus. Preferably there is a vertical clock dlstrlbutlon splne or each zone
~(conveniently tapped off fromthe horizontph clock spine) by which clock
“and reset signals are distributed to the vertical port cell of that zone.

Preferably al 4erfal,oiprSr ColnStIGE w1 ekkn abfller 88ehysi gnal iki pe§s1Bméf ers
are used in the clock signal distribution Iines as appropriate.

Furt her. advanti@agenns: Shest InabsPat hsghe i stuhcbiosdi asing ceneeprmmarylnes
with the horizontal port cells, specifically wired -OR buses (say 5)

.runni ng acr osspigaeti gonenbpgd cbaneche ngsimpket €gldst heghether AND- gRtesr e

cells. Preferably connection of the wired -OR buses may be made to a

certain (restwitledrogninenable glwversbosesonegthby inputsf bhé tbiEzdat al

port cells. A further advantageous feature is to have wired -OR
not very efficient. 1In order to improve the efflclency
éf the uniforﬁ base array it is overlaid with the
subsidiary functions. - The subsidiary functions
represent optimised implementations of functions that
can be created using the primary functions. By using

- this hierarchy the autolayout tools have a flgxible
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 used on their own to complete a
design. An hierarchy of function is prefefred as
opposed to an arbitrary distribution of different logic

" functions.

‘The additional or subsidiary'.functions are
distributed throughout:thelarray. 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 is 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



connecti ons between horizontal x buses and say three horizontal gl obal
buses. ;Pul | ups are advantageously provided for the WO buses, eg. in the
hori zontal port cells, and pull ups for the global buses are advantageously
situated in the vertical inter-quadrant region, The preferred connection
provi stons afforded by the porting arrangement will be described further
herei nafter, along with other features of gtfhe integrated circuit. The
configurabl e sem -conductor integrated circuit nay conprise a matrix array

of core cells tgaeh i¢f d kdaaeldrs tHaagat i f igtsil i r@beedsies | 0N Ui £OFADN
and at | east one subsidiary function,. there being at | east two different
subsi di ary furelscuite tihectgyheutelthe lairey grouped in tiles conprising a
matrix array of the core cells and wherein each tile has at |east one of
each different subsi dimar prfeunctemipesiimentl0 the ticamoonnpisgla nedgix
array of the core cells smaller than the whole array. The arrangenents of
subsi di ary . f ufemnicdrionniisshian MNadDceldadenf t hPreferably suthe Pptionally

different. The resultant tile of core cells is arranged so as to uniformy
cover the arr#&glectable circuit configurations afford optional

functions of:- wired -OR output buffer - which is to be
viewed as a function for the purposes of this
specification; XOR}.D—type flip flop (with reset and
enable) and latch function (with reset and enable).
Thus four different subsidiary 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 logiq;

These subsidiary functions are chosen because
they are functiong which are commonly required and which
would otherwise be arrived at by cénfiguring several of
the basic function cells. We have identified that the
number of different subéidiary functions which need to
be employed in configuring of an integrated circuit to
perform as desired results in some subsidiary function
being required more freéuently than others. Thus Qe

prefer to have the number of different subsidiary



Alternatively, the integrated circuit may further conprise at each discrete
site .or cell additional optionally selectable circuit configurations
selectlvely “controlled by control neans to enable each cell to operate in a
sel ected one or two or nore ways, and wherein there are a plurality of
different optional circuit configurations and wherein the cells. are
arranged in groups, hereinafter referred t;g as tiles, with each tile having
at | east one of each of the different circuit configurations. The tiles are

smal ler than the AR aVaAY AN¢ 1LY 2136 AT haFgRshd 0 ¢ d or maldpy£ayer the
array. The selected one of two or nore ways conpri-ses ei ther the si npl e

logic functi O%ﬁ&f&f‘)n @ eaghvee! | to a WreCt edusubsdl aryo f uLCtE e,
af forded by the optionally selectable circuit configurations. The

arrangenent s giiridheraides, dibgr havdmet | @de Widdliln tdEree! | spofondlEly itwo ar e
substantially different, and the resultant tile of cells is arranged so as
to uniformy canetiidns ar(prmeferably Atlve f @-filany ayf 1ep prahdratchv tatn
external Iy identical cells allowing a uniform

advantages construction can be arrived at with a smaller
tile configuration.

Our preferred  tile comprises four cells,
preferably arranged as a matrix of 2 x -2 cells, and thus
in the preferred embodiment whilst there is 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.
Each 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 multiplexers. |

As mentioned above for the preferred application
each cell has the restricted signal translation system
providing direct local interconnections between only
some of the cells. However, it will be appreciated that
the tiling arrangement can be wutilised in circuits

without this specific restricted translation system.

Preferably the integrated <circuit has additional



I nterconnect structure to be used regardl ess of the function of the cell.
The interconnect is identical for all cells within a tile. |In use the
aut ol ayout ‘tools will know which cell supports which function but if.the
common function only is used then the array can be treated conpletely
uniformy, ie. if the subsidiary functions are not used then the array
appears as a uniformarray of sinple pringfy functions. There is a

hi erarchy of functions within the array It is possible to inplenent nost

| ogi ¢ functi QugesidiGr hedhirBey faddur iy  abhdvé hengi net &l nettsr eg.
the AND gates wth progranmmabl e i nversions on the inputs but this is not

very effici eifocdriifif¥o tsh iy aadgecteidi ctrp@cineénthenuni f orm base
array it is overlaidwith the subsidiary functions. The subsidiary .
functions represent oRf i Brerbritnplianesitidrons il f unowi dos tdesccHrede
created using the primary functions. By using this hierarchy the autol ayout
t ool s have a firectidd e byni fumrynadfar getarpie piralgenent thh urebesrend¢ertoe Heheror e
comon functions with a slightly coarser target for the | ess comonly used
secondary f urcidompanylimg shreoridersy, fimethiss: Ttoul d not be used on their own
to conplete a design. An heirarchy of function is preferred as quosed to
an arbitrary distri Fidwie of if 4 cHagrawpels representation of the

hierarchical structure of a configurable logic array
embodying the inventions 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 bétween cells,

Figure 4 illustrates diagrammatically one series
.of medium connection paths to the fourfcells of a tile,

Figure.s illustrates diagrammatically -a zone of
. cells and the asspciated vertical and horizontal port
cells,

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

Figure 5b illustrates a corner zone,

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

Figure 7 1illustrates diagrammatically details of



12 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 sel ected
group of functions are distributed throughout the array as the tile, which
Is repeated-in a regular pattern over the array. The autol ayout placenent
target for the primary function is a cellyghilst the placenent target for a
secondary function is a.tile. Al though the 13'tile is a coarser target

It still repisskdisions WHAOIvid e rvert 16210pgrt therarray. In one
enbodi ment the common sinple Togic function is a NAND gate.

Pr ffer'albl.y the optimnpltey =€l echat@ates i dLabtammsonEbyUyalbeas1s afford
opHon connections made wvia the vertical .port cells at the top
and bottom edges of the array,

Figure 8 illustrates diagrammatically details of
connections between quadrants,

Figure = 9a illustrates diagpgmmatically the
primary clock structure,

Figure 9b illustrates further details of the
clock structure of Figure 9a, 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 strudture of the
configurable logic array embodying the inventions
hereof. The array of the illustrated embodimént
consists of 10,000 core cells CC, all of thch 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 heréinaftér with reference to
Figures 6 and 7) constitutes a zone 11 (see Figure 5a)
of which there are 100 in the illustrated embodiment. &

matrix array of 5 by 5 zones cohnstitutes a quadrant 13.



functions of:- wired -OR output buffer - which is to be viewed as a
function for the purposes of this specification; XOR, D-type flip
flop (with teset and enable) and latch function (with reset and enabl e).
Thus four different subsidiary functions are available, and the above
recited function are the preferred subsidiary functions. As.specified
above each tile has at | east one each of t avai | abl e subsidiary
functions. Sone cells may have additional circuit configurations to

facilitate by ffé-{r rdpe ﬁ‘h{{@rg%é& éé}&%cﬁiﬁﬁ‘éf?@tt}%” L BaiPs hhgbedi spbsys!

functi ons, exanp -to-1 multiplexer, or fast carry | ogic.

These subsidigry fdinctigRs af e chasmn haoape tHoYeRrQuidPaht 08w ivbhed are
commonly required and whi'ch woul d otherwi se be arrived at by configuring

several of thgduafdraipdétignetds byerdpacensensefsed thaguibespuaber of
di fferent subsidiary functions which need to
provided between the adjacent gquadrants. The array is
also'provided with user input output cells designated
by blocks 17 (Figure 1) and the illustrated embodiment
has 50 per,.side. Also providéd are input/output
multiplexers 18. lThe_circuit also has a clock structure
(including clock pads CP and clock bus CB) ‘which is
described further with reference to Figures 9a and 9b.
Referring now to Figures 2a and 2b, here there is
:illustrated diagrammatically a group of 4 core cells
hereinafter referred to asJa 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. In addition to the facility for
each core .cell _to bé used as a simple NAND gate as
represented by circuity illustrated diagrammatically in
Figure 2a, each cofe cell has an extra function box (£fn)
that can be selected during configuration. There are é
plurality of different functions available and each tile
contains at least one of the available functions. The 4
cells makihg up a tile are designated by the numbers 1,

2, 3 and 4 respectively (see Figures 2a, 2b) denoting



be enpl oyed in configuring of an integrated circuit to performas desired
.results,in sone subsidiary function being required nore frequently

.ot hers. Thus we prefer to have the nunber of different subsidiary
‘functions available to atile reflect this. Thus we prefer to
itwo XOR functions to a tile. Furthernore, by having one cel

optionally two functions (preferably the Eiglip flop-and latch) an
radvant ages construction can be arrived at Wth a smaller tile

‘confirgur at.-on. d ¢ td } S€Spe.i Oupe_6el hs.-3preher ab
Gfenett IR o IR R R e B SPafF i eboar ront

arranged as a matrix

and t

t han
14
have
of fer

rred enbodi nent

whil st ‘there igynoti ongl I4he illustrated embodiment the alternative

function available to the type- 1 cell is a wired-OR

configuration, the addifional function available to the

type 2 cell is that of XOR as well having circuitry to

provide half of a 2-to-1 multiplexer, or fast carry

logic. ~The CIN input is driven from the type 4 cell of

the tile below. The COUT output is input to the type
cell above. The CIN and COUT signals fornm the fir

carry 1logic. = The type 3 cell in the illustrat

4
st

ed

embodiment has two alternative available functions,

namely a D flip flop or a latch (each with reset a

nd

enable). The type 4 deli also has as its alternative

function the x-OR function and additionally has t

other half of the circuitry providing a 2-to

he

-1

multiplexer or fast carry 1logic. The multiplexer"and

fast carry alternative functions require 2 core cell

thus the circuitry of the type 2 and type 4 cells a

S,

re

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 functi

on

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 mention

ed



one different subsidiary function for each cell, we prefer to have two
~cells offering the XOR functions, one cell offering the wred-OR
function and one cell offerlng the option of Dflip flop or latch
function. Each cell has-available to it its basic function, ie. a NAND
gate. TFhe preferred arrangement of 2 x 2 cells with the above preferred

di stribution of subsidiary functions is sugg§ as to naturally formefficient
| arger el ements such as adders, counters and multiplexers. As mentioned’

above for the ségréﬁ&' 2BRhECAIHRE $RER; SekbnBasathe hager uelied logaal

transl ati on syStem providing direct |ocal interconnections between only

sone of the Ceiﬁ%erwﬂ\ﬁ&éf abscyibbaberapphesi wiel reFerehed ith Figure
arrangenent can be utilised in circuits without this specific restricted

transl ation systegr Regighabhiget betertohngeat ed . angwheret in fthe zone.
?dd't'Qna| The latter comprise horizontal and vertical medium buses
" M which run the'length.and breadth of each zéne (4 per
row and column of cells). These are designated as Ml;
- M2, M3, M4. Port cells (VPC and HPC) (Figures 5, 5a,
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 bells)
and in conjunction Qith 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 Gl1l, G2, G3 and G4 {Figures b5a,
6 and 7). Switches SG1...SG4 (Figure 8) between the
guadrants allow global buses to run the whole length of

the device if required.
It is envisaged that all devices will have 4
gquadrants but the number of zones in each quadrant may
differ from one device to another. It is however

preferred to have a matrix of 10 by 10 core cells to

each zone.



15 connection resources as descri bed above and hereinafter according to
sai d one aspect of the invention. The present invention will now be
described further, by way of exanple only, with reference to the
acconpanyi ng drawings, in which:- Figure 1 is a diagrammatic representation
of the hierarchical structure of a configurable |logic array enbodying the

i nventions hereof, Figure 2a shows schemagpcal |y the basic function .of a
tile of four cells used in the array of Figure 1, Figure 2b shows

schematical |y the alfgrnathygalunsbbolsche’ 8881168hk Ofdt Nenl | arefyf our

cells of Figure 2a, | ]

h comprise the global - interconnect lines Gl:...G4 and
associated switches  SGl...S5G4. The additional letters
Vv and H are used throughout to dénote vertical and
horizontal connections, cells and switches etc. as the
case may be. Global resources further comprise the
above-mentioned x buses described further herein below
and port cells that connect between global and zone
resources. fhéré are 10 port cells along the top of
each zone (the vertical port cells VPC) and 10 along the
right hand side (the horizontal port cells HPC)..
Connections between routing resources within zones via
the medium buses Ml...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
routes are possible through each port cell-
multiplexers A and C support one route each, and
multiplexer B (shown as Bl and B2) supports two
separate connections. Two of the zone medium buses (Ml

and M2) are used for connections to the global and x



Fi gure 3 Il lustrates di agrammatical ly one enbodi nent of | ocal

connections between cells, Figure 4 illustrates diagrammatically one series

of medi um connecti on paths to the four cells of atile, Figure 5

~illustrates diagrammatically a zone of cells and the associated verti cal
‘and herizontal ‘port cells, Figure 5a shows further details of the zone of

Figure 5, Figure 5b illustrates a corner zone, Figure 6 illustrates

di agranmatical ly details of connections nmade via the horizontal port cells,

Figure 7 illugtrateschi-305AM ALY €2l ¥xdeEal hS @ha ¢.161n addition, M1
and M2 from the adjacenﬁ column in the tile also connect
to A and C. This arrangement allows é Cross over
connection between pairs of port éells. Multiplexers A
and C also provide bufferred connections from M1/M2 or
M1/M2 in the column from the adjacent column in the tile
to or from M3/4 in the zone above. The other two zone
medium buses (M3 and M4) connect to multiplexers Bl and
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*cheTCeils,-ie. the type 3 cells. The clock
or reset multiblexer provides programmable inversion of
clock and réset. . |
. 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 inpuﬁ/output cells 17 by way of
the input/output multiplexers 18. In the illustration
there are two 7:1 multiplexers and one 2:1 multiplexer

for each adjacent pair of port cells. It will Dbe seen



~connections made via the vertical port cells, Figure 7a illustrates

. diagrammatically details of connéctions made via the vertical port cells

at the top and bottom edges of the array, Figure 8 illustrates
"diagrammatically details of connections between quadrants, Figure Oa
“illustrates diagrammatically the primary clock structure, Figure 9b _
Illustrates further details of the clock s pucture of Figure 9a, and Figure
.10 illustrates di agrammatically the hférarchy of. i nterconnect provided

according to t%#%{”VEﬂéiOfinggfeéﬁ%P&%%%rsf£¥mtﬂh§}Q%beh%riﬁ h%ahlgﬁg%;ates

an overview theé " hierarchica ucture the configura

logic - array %§f29d¥599esﬁgﬁd'£3V€H$é8n§fh?i69£e 7 ahd€ thdkt’ @4chOporkhe
illustrated enbodr nent

cell connects with a respective 7:1 multiplexer. 1In
addition the two x buses from each port cell have a
branch into the 2:1 multiplexer which communicates with
control circuitry.

At the bottom edge of the array, the lines
passing over the =zone boundary also connect with
input/output célls 17 'via multiplexers. .For two
adjacent <cells also comprises a respective 7:1
multiplexer and a common 2:1 multiplexer. The lines
comprisé. Global 1lines (Gl...4), the x bus and medium
interconnect lines M3, M4. The respective'x buseé-are
branched to the 2:1 multiplexef 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 inpuﬁ/outpuf
connection at the edges':mirror the connections between
zones. This is not to be taken as limiting, merely an
example and the connection to the input/output
multiplexers may be for more extensive. For example
other of the medium intercdnnect lines may be
substituted for M3, M4 or supplement then. In the
illustrated embodiment the medium interconnect lines M1,

M2 terminate at the lowermost cell of each zone, ie.



consists of 10,000 core cells CC, all of which can be used as a sinple
NAND .gate., For convenience the foll ow ng description describes the
array as a regular array of cells, conprising rows and col umns. A matrix
array of 10 by 10 core cells CC with associated port cells (described
further hereinafter with reference to Figures 6 and 7). constitutes a zone
11 (see Figure 5a) of which there are 10024n the illustrated enbodi nent. A
matrix array of 5 by 5 zones constitutes a quadrant .13. 17 In the

il lustrated erfdidEMot Neaswiachant shar foske Speasdairt.a 2 by 2 matrix array.

I nter-quadrant sw tches (generally designated by reference SG see Figure 8)
are provi ded bet weerrThdacatheckivng|ua arttes . irfhet dondputscells of the
fight and left edges of the array accordind to one
A embodiment mirror the connections to the ho?izontal'port
cells (HPC) as illustrated in Figure 6 in a
corresponding manner to +the arrangement of Figure 7b,
utilising twé 7:1 multiplexers for each pair of adjacent
cells and a cofresponding 2:1 multiplexer for the x
buses.

The ?rimary clock structure will now be
described. Primary clocks may originate ekternal to the
device via 8 special purpose-clock pads CP or f;om the
array by routing-on general resourcé to the clock pads.
The clock pads CP are situated at the corner of each
gquadrant (see Figure 1) and illustrated in further
detail with reference to Figure 9a which is a chip level
diagram. The clock bus CB runs vertically between the .
top and bottom clock pads CP and connects with a
horizontal clocE: spine HCS (having 8 lines) 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 bus 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

Rl



al so provided with user input output cells designated by blocks 17 (Figure
1) and the jllustrated enbodi nent has 50 per, side. Al so provided
are |nput/output mul tiplexers 18. The circuit also has a clock structure
(i ncluding clock pads CP and clock bus CB) which is described further with
reference to Figures 9a and 9b. Referring now to Figures 2a and 2b, here

there is illustrated diagranmatically a oup of 4 «core cells
herei.nafter referred to as a t|Ie T and di sposed in a 2 by 2 matrix array.
Each cel | Corﬁhﬁeﬁsy el | M? fﬁliheéﬁﬁsmyeaaso% o, 3
and 4 on the input 'side an |nverters - 11, bet ween respective

mul tiplexers +M,c1ddk pdds. Mrhe ez epth1 Al éDoBESsﬁanUt psttappéapl exer

MO. In addition to the faC|I|ty for each <core cel to be used as a
si npl e NAND gstife 5 e icaes st ioys cnmmtﬁwel:hustipledvdragcammloclal ly in

Fi gure 2a, each core cell has an extra function box (fn)
spines VCS which run between adjacent =zones to provide
one vertical channel of 8 global clock signals per
column of array zones. In addition there are equivalent
vertical changgls for the I/0O zones to the left and
right hand sides of the device. The I/O zones to the
top and bottom of the array connect to the vertical
clock distribution channels driven up and down through
the array. The primary clock and reset signals are
input into the vertical port cells of each 2zone via the
zone clock and reset cells. An 8-2 multiplexer (Figure
| 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 swifch or a reset
switch whereby clock (CLK) or reset (RST) signals can be
distributed vertically through the zone (see also Figure
lQb).’ e
Secondary clocks can also be  provided using
conventional routing resource of the circuit. A routing
comb is created by the software consisting of the
horizontal spine and vertical teeth. The spine and
teeth are routed on global interconnect and connécted

via x bus switches. The global interconnect may be

extended across gquadrant switches. The clocks are



that can be selected during configuration. There are a plurality of

differgnt functions available and each tile contains at |east one of the
‘avail abl e functions. The 4 cells making up a tile are designated by the
_nunbers 1, 2, 3 and 4 respectively (see Figures 2a, 2b) denoting 18

i- diffe¢ent types of core cell (ie. CC1, CC2, CCG3, CCG 4). . In the
‘illustrated enbodinment the alternative f? ction available to the type 1
cell i.s a wired-OR configuration, the addi{ional function available to the

type 2 cell 1 Sihhat PhedFoanete! LiRaVEAE CLEAUK! | %AV GRrftalde1qk 2

2-to-1 nultlple ast carry 0gi C. I N I nput ven fromthe

type 4 cell of (ghfchi4fsbe! BYovie HRLEramhaBlel S IR iidrdE dniPe the

clock can only be connected to £1lip flops on the same
column as the secondary clock. Tertiary clocks may also
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 verticalwcore cells down core cell cdlumns, 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 Via the dédicated 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 'thosé for the
vertical port cells.

The functional tiling withiﬂ the zones means that

only half the core  cell rows contain core cells with



cell above. The CIN and COUT signals form the first carry |logic. The

type 3. cell in the illustrated enbodi ment has two alternative avail abl e
functions, nanely a Dflip flop or a.latch (each with reset and

enabl e) . The type 4 cell also has as its alternative function the x-OR
function and additionally has the other hal f of the circuitry
providing a 2-to-1 nultiplexer or fast % rry logic. The nul ti pl exer
and fast carry alternative functions requi 2 core cells, thus the

ciroui {1y of {RecLuDBR2agRdebuRe duegtles 8! eoacd ALOBNGT rivel i ok

cont ext

presen appllca |on g'WTe out’put’ dri ver type 1

cell is'to be 6R9BLIES géra?oﬁg[er@ﬂ&bvﬁeB?xQCEhQQ %kxte%ugx'&v%t Pcbleytwo

speaking it |s not a tr
6#5652bo§h0ﬁ6rﬁ'r651§ry reﬁées%ﬂkﬁt'V%oﬁk t g rbuneki OBais

functi ons.
available to the 4

ternative function In sense o t he ot her

types of core cel

connecting to it (type 1), and one without (type 2).

The zone wired-OR bus from the type 1 horizontal port

cell is fed to the type 2 cell as indicated by line F.

- This means that a WO bus can drive into horizontal

global buses in every row. The x bus can also make a

wired~OR connection onto the global buses, éllowing

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

quadrant 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/O cells 17 and

" these are arranged so that they - pitch match "1 to every

two core cells around the edges of the device. Global,

medium and x buses (Gl...G4, M1...M2 or M3...M4, X) from

one

core cell row or column are used as inputs and

Gl...G4, M1...M2 or M3...M4 and X from the adjacent row

or column are used as outputs. An 8 bit peripheral bus

runs around the whole device which 1is accessed by the

I/0 cells. Each I/0 cell can read or write any of the 8



The tiles are arranged into zones.as nentioned 19 above and connecti ons
wi thin zones are made using |ocal interconnect described further with
reference to Figure 3, or nediumrange interconnect to anywhere in the ..
zone. The latter conprise horizontal and vertical nmedi um buses M which run
the |l eagth and breadth of each zone (4 per row and colum of cells). These
are designated as M, M2, M3, M4. Port ceé.}s (VPC and HPC) (Figures 5,
5a, 5b, 6 and 7) at the edge of each zone hmake connections via the nmedi um

gﬁzeieﬁfi gg: gx uses re erencechf%Itge stlS%Qldlggtﬂgr%%%%%%L%E&Ztnal
gth
and breadth ofquq,'qt;,gzqﬂpt(ﬂe Qgér_-,_rrgyéla&m &g_urm of cel I s) . -
Referring again to Figure 5, the basic structure
of a zone is illustrated showing the vertical port cells
= VPC and the horizontal port cells HPC described with
| reference to Figures 7 and 6 respectively. Also
illustrated is the zone CLK/RST multipleger. Referring
to Figure 3, regarding the local interconnect of each
cell, the upper and léwer input multiplexers (A and B)
of each core cell can be connected to the outputs of
nearby cells ﬁsing the network of local 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 neighbouré. Each cell C will have a set
of local 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 1local interconnect.

Medium buses are also used for interzone connections



and in conjunction with a switch (not illustrated) in each core cell they
are used for aking right angled turns on these buses. A obal buses G
(Figure 5a) run the length and breadth of each quadrant and in the

il lustrated enbodi ment there are 4 per row and colum of core cells
identifred as Gl, @, &G and &4 (Figures 5a, 6 and 7). Switches SGL.

SG4 (Figure 8) betmeen the quadrants al Lgw gl.obal buses to run the mhole
length of the device if required. It is enVisaged that all devices will

DS o Iy L BURREELCLo7OBES beERCReRYELT iRy il ko
10 by 10 core &l $ohPaPa8HaZ0RBur 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
connection to the global fouting 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 adjécent zones as
will be apparent from reference to-Figure 6 and 7.

Each of the two input multiplexers in a cbre cell
provides connections from two medium buses. The .core
cell outpﬁ£ multipiexéré 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
connebtions, using two different sets of c;nnections,
repeated in a 2 by 2 tile similér to the core cell
functional tiling. Thus; for the illustrated embodiment
each core éell 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 M3(Vert) ,M2(Horiz) -

A
2/3 B Ml (Vert),M4(Horiz) - -

2/3 op - M2,M3(Vert),M1,M4(Horiz)
1/4 A M2(Vert),M3(Horiz) - -

1/4 B M4(Vert),Mi(Horiz) -



20 The global resources available to the array conprise the gl obal
I nterconnect lines GL... &4 and associated switches SGL...SH&. The
additional letters V and H are used throughout to denote vertical and
hori zontal connections, cells and switches etc. as the case may be.
d obal- resources further conprise the above-nentioned x buses descri bed
further herein below and port <cells that connect bet ween gl obal and
zone resources. There are 10 port cel £2 along the top of each zone

0 S 68, 0. e Rt
onl . BOESPﬁfeV{ﬁrEuS%{? 8o POer st feell Mlfer dhRRRpREE £5F, 01

between medi um AUSES, £ {\vEUhAFE0LeZOPRE nBBfarcAy® ofSEterbBhnettOotka and

tristate net
shows three interconnect structures, namely firstly,

the local interconnect structures which only have the
scope 6f a 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 thi;dly 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 bé
brought about by the existence of the porting
arrangement that separates the array into zones. The
global 1level of interconnect is separated from the

medium and 1local levels of interconnect by the porting

arrangement. _ .



di stribution descrlbed further‘ﬁererﬁafter Referring now to Figure 7 here
we ill.ustrate diagra ak h@ h%$e zone and grobat—buses—connect to

the vertical port cell S are arran airs, aligned
with the core cell routes are ﬁ U‘Mﬂ”’mugh
each - port cell - nultlp nd C support

mul tiplexer B (shown as Bl and B2) supports two separate

connecti ons. Two of the zone nedium busgg (ML and M2) are used for
connections to the global and x 21 buses through multiplexers A and C.
In addition, ML and M2 fromthe adjacemkr®®! um in the tile also connect to
A and C This arrangenent allows a cross over

1. A semi-conductor integrated.circuit comprising an

area thereof formed with a 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 %outing resource
structure comprising:-
(i)  global bonnection paths which extend continuously
across more than .one zone and have selectable
connections with the porting arrangement of at least
- some of the 2zones,
(ii) medium connectlon paths extending from the
porting arrangement and selectably connectable w1th at
least some of the eells in a zone, and
(iii) 1local dirégt connection paths comprising for each
cell. a restricted signal translation system between
inputs and outputs of the cells each selectabie 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 logiclcircuits and from its
inputs to outputs of a second set of some of other said

logic circuits, each first set of logic circuits being



connecti on between palrsT?Biﬁfli cgrrg‘_‘“NUItipIexers—Araﬂd~€%a¥se—p%ev¥de

bufferred connections fro d&Bd in the colum fromthe adﬁacent

"colum in the tile to or the zone abovec“umﬁ |I Mllzone
|plexers Bl an

medi um buses (M3 and M)

‘two i ndependent ‘unbufferred |inks to in the zoné above.--

M3 and M can be interchanged u3|ng progrannable; tw st.
These i nterzone connections can ué gd when . fast connection

e 0 s 2 g 40
o ook, £ "Exebnk B6onCob0BeR bpp, LroRoasd | idiancs sl gireorthe ype
of clock and resgh. aff§f Sﬁﬁéfgsaeéﬁh&osgt%?e13%161%&%64\.41'1! illustrate
2. A semi~-conductor integrated circuit as clalmed in

- claim 1 in which the zones are arranged in a ‘matrix
array of zones.
3. A semi-conductor integrated circuit as claimed in
claim 1 or 2 in which the plurality of zones define a
quadrant and the integréted .cifcuit has a plufality of
gquadrants.
4, A semi-conductor integrated circuit as claimed in
claim 3 in which the quadrants are arranged ;n a matrix
array. |
5. A semi-conductor integrated circuit as claimed in
claims 1 to 5 in which there are 10 x 10 cells to a
zone, 5 x 5 zones to a quadrant and 2 x 2 quadrants,"
6. A semi-conductor 1ntegrated circuit as clalmed in
any one of the precedlng claims in whlch the global
connection paths extend horizontally and vertically -
across a plurality of zones. -
7. A semi-conductor integrated circuit as'ciaimed in
any one of the preceding claims in which there.are a
plurality of global connection paths for each row and
column of cells in a zone.
8. A semi-conductor integrated circuit as claimed in

‘Claim 7 in which there are four global connection paths



the connections at ffie top and bottom edges of the ar+ay—At the top edge .
connect.i ons .t o t he verrhis Sttt Ha9Bden Redldced VPC) are with -the i nput/output cells

N of the |hpUt/$HBMﬁ J rerﬁle'[lspllgxer 1|‘(r;r teuﬂu'uwmum',mmnhere

are two 7:1 mul tipl exer
that the lines energlng “fr8m fhe* t wo

port cells. It will

hori zontal port cells correspond to those $§ Figure 7 and that each port
~cell connects with a respectlve 7:1 multipléxer. In addition the two x

buses from ég@ghﬁi%gqggfiénto the 2: 1-nultipl exer which

comuni cates wt contro C|rCU|try A bottom edge of the array,

the lines A semi-conductor integrated circuit as claimed in

any one of the preceding claims - in which there are a
plurality df medium connection paths for each row and
cblumn of cells of a zone.
10. A semi-conductor integrated circuit as claimed in
.- claim 9 in which there are_four medium connection paths
for each row and column.
11. A semi-conductor integrated circuit as ciaimed in
any one of the preceding claims in which each medium
connection path is selectably connectable with an outpﬁt
and/or input of one or more cells.
12. A semi~-conductor integrated circuit as claimed in
any one of the prédéding claims and comprising further
global routing resources comprising. horizontal and
vertical buses extending across a zone horizontally and
vertically rgspectively,' and Whicﬁ are connectable with
~the port cells and with one another.
13. A semiééoﬁ&uctor integrated circuit as claimed in
- claim 12 in which thelfurther horizontal and vertical
buses are not connectable to the cells.
14. A semi-conductor integrated circuit as claimed in
claim 12 or 13 in which there is one such further global
connection bus for each row and column of cells.
15. A semi-conductor integrated circuit as claimed in

claim 14 in which there is a connection between the



passi ng over t heT—Zzone boundary—at so connect mﬁth_l{¥ggljggjuﬂ_______
~cells ;17 via multifis@K&ef Has Been epladc@’ two adj acent ce al so

conpri ses a respect pl exer and a common r“‘“p““iﬁ“‘
The |ines conprise wll l]Gl .4), the x bus aa mum

I nt ercennect |ines M, ctive x buses are branched td the 2:1

mul tiplexer as at the top edge. Note in gg case one 7:1 nultlplexer
- feeds. to an output cell 17 OUT and one is>fed froman input cell 17 IN In

the illustrat eﬁecﬁggggidgeghd vlégelcggu%)%ggtsplfgrc% %%Ctde n at t he edges

mrror the con RO ES ween Zones not 0 betaken as limting,

nerely-an exanpfe aﬂdsemEBEOndEBEBQCEhQQgra gd Eq%c iPUlY LAY 1n
12

“nmul tiplexers nay be f nore extensive. e other
medi um 'nterQHQHGSEe |bfesthgabregﬁdiﬂgsEih&h@ﬁe@%bﬂmélndwﬁoﬁ¥éontal
suppl emrent them

and vertlcal port cells, the porting arrangement of

T which permits resources to be routed from the global
lines through to the medium lines and thereby into the

- cells. |
17. A semi~-conductor integrated circuit as claimed in
any one of the preceding claims in which the general
interconnect structure (global and medium buses) are
interconnectable with special interconnect structure,
for example clocks and tristates, by way of the port
cells. |
18. A semi-conductor integrated circuit as claimed in
any one of the preceding claims further comprisin§ clock
distribution channels, preferably comprising a vertical
clock bus (with say 8 lines) éxtending between clock
pads to top and bottom of the array, a horizontal clock
distribution‘spine (with say 8 lines), extending between
clock pads to opposite . sides of the array and
intersecﬁing with the vertical clock bus.
19. A seni-conductor integrated circuit as claimed in
claim 18 in which there is a vertical clock distribution
spine.for each zone (conveniently tapped off from the
horizontal clock spine) by which clock and reset signals

are distributed to the vertical port cell of that zone.

Y e



i I.lustrated enbodi nent the ned|Un1interconhect lines M, M2 term nate at
cell of enGdsne@ R BebEReplaced23 t hey do not _pass over the zone

t he | ower npst

boundary. -The connecti on

edges of the array ai‘"’!‘ﬁ”ﬂ(ﬂ
to the-horizontal port c

in a corresponding manner to the arrangenent of Figure 7b,

i

Joutput cells of the right and Tefrt

I o

Cutitl i 8i ng tao

7:1 mul tiplexers for each pair ot'adjacent3éells and a corresponding 2:1

LRI ACT s WA S S ST E SN L

be descri bed.

. claim 18 or 19 in which alternate core cells have clock

and reset signal_lines;_

21. A semi-conductor integrated circuit as claimed in
any one of the preceding claims in which each cell has a
common logic function and at 1least one subsidiary
function, there being at leasﬁ two different subsidiary
functions, the core cells being grouped _in tiles
comprising a motor array of the core cells ana wherein
each tiie has at least one of.each different subsidiary
functions. |

22. A semi-conductor integrated cifcuit as claimed in
claim 21 in which the different subsidiary functions
comprise:- wired-OR; XOR; D-type flip flop and latch
functions.

23. A semi-conductor integrated circuit as claimed in

claims 21 or 22 when appended to claim 16 comprising

dedicated connection 1lines with the horizontal port.

cell (specifically wired -OR buses (sdy '5)) running
across each zone and connecting directly with the wired
-OR core cells.

24, A semi-conductor integrated circuit as claimed in

"claim 23 in which connection of the wired -OR buses may

be made to a certain (restricted) number of global
buses, for example by way of the horizontal port cells.

25. A semi-conductor integrated circuit as claimed in

now



device via 8 speci al purpose clock ga S CP or fron1%he—a##ay—by—%9u%¥ng n
genera)] resource to tthes are situated at th
corner of each quadran W«Wﬁiﬁf ‘\1) and |IIustrat igll!mlmll"ln lll ﬂllall
with reference to Figu a chip |evel k bus
CB runs vertically betmeen the top and botton1c|ock pads CP and connect s
with a horizontal clock spine HCS (having 8 | i nes) running between the

hori zontal clock pads to opposite sides of 3Phe array. A central clock

buf fer CCB t the inte t-th tical ¢lock bus CB and
he hor i sont Al LETRCk ChrReSPRTnERtE Lo BaRin' "Rz Shai Bl 8568 SsPgnal <

(clocks or resef clock nagogg £i¥§§ %gg&geﬁan Qﬁeelﬁggkg ggeéggggx or

externally gene+5?ed ny NGT AT -GS ar € used as
a horizontal buses and say three horlzontal global buses.
26. A-configuréble semi~conductor integrated circuit

comprising a matrix array of core cells each of the
cells having a first simple function in common and at
ca - 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
'ﬁo'uniformly cover the array.
27. A configurable éemi—conductor integrated circuit
claimed in claim 26 in which the arrangement of the
éubsidiary functions within the cells of the tile are
'substantially different.
28. A configurable semi-conductor integréted circuit
which comprises =an area thereof formed with a plurality
of logic circuits at discrete site; or cells
respectively, each said logic circuit having in common a
restricted simple logic function capébility and itself
only being capable of implemeﬁting a simple 1logic
function, and the cell having a restricted signal
translation system between inputs and outputs of the

logic circuits affording (local) direct connection paths



24 primary clock by sinply routing it internalfy‘fﬁ“ﬁﬁE“of&%heﬁcLng pads.

The horizontal clock spine is tapped off at vari s to drive
multiple vertical clock spines VCS which run betvvegm"ﬁﬂggﬁ l’iﬂﬂm to
provide one vertical channel of 8 global clock signals f array
zones-~ In addition there are equivalent vertical channels for fhe* I/ 0 zones
to the left and right hand sides of the device. The 1/0 zones to the
top and bottom of the array connect to t hé®vertical clock distribution

chanmel s 1| el B 00" LI BUORLNE B o celle, R bpshock
(e zone, o cokeBRGALASE! 588 bicu BadaTa b BURKGSACT 34e S8k syt o5
reference to Egguiﬁputs of first set of some of other said logic
. ) circuits and from its inputs to outputs of a second sef
of some of other said logic circuits, each first set of
logic circuits being different from any other first set
. of logic cirduits, and each second set of logic. circuits
being different from any other second set of logic
circuits, the " integrated circuit fu¥ther combrises at
each discrete site or cell additional optionally
selectable circuit configurations selectively controlled
by control means to enable each cell to operaté 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
graups,'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 tilkes of cells are arranged so as to
uniformly éover the array.
29. A semi-conductor integrated circuit as claimed in
claim 28 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.

30. A semi-conductor integrated circuit as claimed in



7 alternate core cells CC have a clock switch or a resef ' er eby
cl ock ,(CLK), or reset (RST) signals can be distributed v?yl cally throu

the zone (see al so" Figure 9b) . Secondary cl ocks can al i ng
conventional routing resource of the circuit. A routing W#W
t he seftware consisting of the horizontal spine and vertlcal
The spine and teeth are routed on gl obal_interconnect and connected via X
bus swit ches. The gl obal i nt er connect? may be extended across

. quadrant swi tches. ‘The | ocks,, are 25 ipput _into ja. t
‘zones' verti ¢G3iHret c Y SZ{V\H{'%FF A ¥ %t\‘llﬁg p?%ﬁ?%ﬂnﬁbﬁ“éfej%%kc

I nversion), tfﬁ%ctlon is a NAND gate..
31. A semi-conductor integrated- circuit as claimed in
claims 26 to 30 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).
32. A semi-conductor integrated circuit as ciaimed in
any one of claims 26 to 31 in which some cells may have
additional circuit configurations to facilitate by
virtue of the tile arrangement building up higher level
functions.
33. A semi-conductor integrated circuit as'claimed in
claim 22 or 31 in which there are two XOR functions to a
tile.
34. A semi-conductor integrated circuit as claimed
in claim 22, 31 or 32 in which one cell offers
optionally two functions (preferably the D-flip flop and
latch). |
35. - A semi-conductor integrated circuit as claimed in
any one of claims 22, 26 to 34 in which the tile
comprises four cells.
36. A semi-conductor integrated circuit as claimed in
claim -35 in which the four cells are arranged in a

matrix of 2 x 2 cells.



clock can only be connected to flip flops on the sane colum as the
secondary clock. Tertiary clocks may al so be prOV|ded usi ng conventional

routing resource and our input into zones via the zo ceIIs
and can be routed on any |evel of interconnect. Refe ﬂ"'ﬂﬂﬂ?,ﬂﬂﬂﬁﬂ re 6
which illustrates detailing of the horizontal port ¢€el These
provi de the sanme nedium gl obal :and x bus connectIV|ty as the vertical port
cel |l described above. Si.nce the primary clfk and reset signals are

distributed only fromthe vertical core cells wn, core cell .colu t he
hori zonal port® %‘el T @brﬁeéqlnfq{iﬁiu&tﬁfklﬁ"é?&rarﬁcc YTHtead © ch r%rfd?/l des

hor | sont al bUSIAIThI 24 hdPo B The W bt FIRRTE Tort e SIoar gy 2
| nter connect ' unegl:[%od-x\% i Qﬁxé.nu%heogeqli d¢ Wid he fyRg-d &%étaﬁ%ﬁ?‘éﬂfry

function is connecte
different.

38. A semi-conductor integrated circuit as claimed in
claims 26 and 27 or any one of claims 30 to 36 when
- appendant to claims 26 or 27 in which an area thefeof 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:-~ -

(1) global connection paths thch extend continuously
across more than one zone and have selectable
connections with the portlng arrangement of at least
some of the zZonessy

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

(iii) 1local 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



horizontal port cell via the dedicated horizontal WO-busT— " The WO bus

connegts to multiplexer Cin the horizontal port cel\ljg““m“m““mw?le
n y

mul ti pl exers for normal interconnect are the sane

vertical port cells. The functional tiling within the es meaMs fhal on
hal f the core cell rows contain core cells with 26 wired-OR drivers.
Therefore, there are only five wired- OR buses per zone. This neans that
there have to be two types of port cel $2 one wth zone Wwired-OR

bus conect [ ngeLg 4ol Voe- Bl 2BLeeneelt Lhedl (LUPEr Rl TIB S gl e F
| ndi cated by éé@qofa some of other said 1logic 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.
39. A semi-conductor integrated circuit as claimed in
claim 28 or any one of claims 29 to 36 when appéndant to
claim 28 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 comprisingf a porting
arrangement for each 2zone, the integrated circuit as
made having an hierarchical routing resource structure
comprising:-
(1) 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 ffom the
porting arrangement and selectably connectable with at
least some of the cells in a zone, and
(iii) local direct connection paths.

40. . A semi-conductor integrated circuit as claimed in



This means that a WO bus can drive into horizontal gIoba{\\\\\\\\rﬁ\EVéry\\\

r OW. Jhe x, bus can also nmake a wired-OR connection on

buses, al | ow ng vertical steps between w red-OR buses. This mgw
be inverted as required to nmaintain the sense of signals. Wth¥re

to the global " interconnections, horizonal and vertical global buses run

across each quadrant connecting to each zopg via iits port cells, seé
Figures 5, 5a, 6 and 7. The global buses connect to the I/0O cells at the

| periphery of tpe, gﬁV'SghagPer§9ar§n 29ﬁ15ﬁeE?%0QQﬂ¥§Y§¥é3Aﬂfgdﬁa §F§% e

t hese are arrange t he I'tch match to évery two cor
around-t he ed9ﬁ§t9§xx$f¥gﬁvbfezoﬁ%8ba| medi um and x buses (GL... ™A,

ML. ..M or rom one core cell row or colum are used as i nput s

and Gl -G M. M Qrs@ﬁl-céﬂdaaﬁof inesytleecadiacRiilt '@Vclaimed in
| claim 38, 39 or 40 in which the plurality of zones
— define a quadrant and the integrated circuit has a

plurality of guadrants. |

42. A semi-conductor integrated circuit as claimed in

claim 41 in which the quadrants are arranged in a matrix

array. '

43. A semi-conductor integrated circuit és claimed in

any one of claims 38 to 42 in which there are 10 x 10

cells to a zone, 5 X 5 zones to a qguadrant and 2 x 2

gquadrants. “ |

44, A semi-conductor integrated circuit as claimed in

any one of claims 38 to 43 in which the global

connection paths extend horizontaily and vertically'

across a plurality of zones.

45. A semi-conductor integrated circuit as claimed in

any one of «claims 38 to 44 in which- there are a

plurality of global connection paths for .each row and

column of cells 'in a zone.

46. A semi-conductof integrated circuit as claimed in

claim 45 in which there are four global connection paths

for each row and column of cells.

47. A semi-conductor integrated circuit as claimed in

any one of claims 38 to 46 in which there are a



or colum are used as outputs. An 8 bit peripheral-bus—#aas—a%euﬁd—the
" whol e devi ce which is-accessed by the I/Ocells. Ea ch /O ce can read

~write any-of the 8 - 27 bits. Wred-OR buffers ca mankﬂlku
- sel ected when witing to the peripheral bus. Referrl e 5,
"the basic structure of a zone is illustrated show ng the vertica port

cglls VPC and the horizontal port cells HPC described with reference to
Figures 7 and 6 respectively. Al so lustrated is the zone CLK/ RST

G S PR " BT e RUREEL00, PEcbecabyl TREEGORBACkET
cell can be coppRGhedst Gl 'fs Obf P Sord .
48. A semi-conductor integrated. circuit as_claimed.in
claim 47 in which there are four medium conﬁection paths
""" for each row énd column. |
49. A semi-conductor integrated circuit as claimed in
e any one of claims 38 to 48 in which each medium
connection path is selectably connectable with ‘an output
énd/or input of one or more cells. | -
50. A semi-conductor integrated circuit as claimed in
any one of ciaims 38 to 49 and comprising further global
routing resources comprising horizdntal and vertical
buses extending across - a zone horizontally and
vertically respectively, and which are connectable with
the port cells and with one another.
51. A semi-conductor integrated- circuit as claimed in
claim 50 in which the further hofizontal.and vertical
buses are not connectable to the cells; .
52. A semi-conductor integrated circuit as claimed in
claim 50 or 51 in which there is one such quther'global
connection bus for each row and column of célls.
53. A semi-conductor integrated circuit as claimed in
claim 52 in which there is a connection between the
~horizontal and vertical buses for each cell.
54. A semi-conductor infegrated circuit as claimed iﬁ

any one of claims 38 to 53 comprising horizontal and



nearby cells wusing the network of | ocal interﬁenneg_\\ghls provi des the
I

fastesy connections between cells. Thus in the il]ustrated enbodinent the
nultlplexer A provides inputs to the core cell (%i jﬂ ts of cells
U LL, F, FB and FF, whilst the nultiplexer mm to the
core eeII Cfromthe outputs of cells UU, L, F, &ndt us in the
Il lustrated enmbodi nent each cell connect mnth '|ts ei ght near est

per pendi cul ar nei ghbours. Each cell %EI have a set of |ocal

tcggngt_c_thg?n e&%?::l?ag . ?\%é:r slg'rsl 'begﬁgn ooﬁlréléﬁﬂyl}grﬁ&rggat eénr?t %51}"1803%&,5HE
Referring ”Ogﬁ tr?ru,@sg‘ife%o‘bré& d ISt qiesy h% dighm i fl%fék?ﬂ'r!ﬁ?ﬂeé s used
for connections wthin a zone that are not p055| e wth Tocal
i nter connect £pMaighmMtRl$e%e MR idind A YRR £ (KRR T 6P RS tdeiSs .
55. A semi~conductor integrated circuit-as claimed in
R any one of claims 38 to 54 in which the general
interconnect structure (global and medium buses) are
interconnectable with special interconnect structure,
for example clocks and tristates, by way of the port
cells. '
56. A semi-conductor integrated circuit as claimed in
any one of claims 38 to 55 further comprising.clock
distribution channels, preferably comprising a vertical
clock bus (witﬁ say 8-lines) extending between clock
pads to top and bottom of the array, a horizontal clock
distribution spine (with say 8 lines), extending between
clock pads to opposite sides of the array and
intersecting with the vertical clock bus.
57. A semi-conductor integrated circuit as claimed in
claim 56 in which.there is a vertical clock distribution
spine for ' each zone (conveniently tapped off from the
horizontal clock spine) by which clock and reset signals
are distributed to the vertical port cell of that zone.
58. A semi-conductor integrated circuit as claimed in
claim 56 or 57 in which alternate core cells haQe clock
and reset signal lines. |

59. A semi-conductor integrated circuit as claimed in



28 since they connect to the port cells. Tthe_aLe—%ﬂur horlzontal and
four vertical nmedium buses per row and col um of core di um
buses connect to the zones port cells, but ﬂg ““g used

for connection to the gl obal routing netmo sl | st rat ed
enbodi nent and these are referred to as ML and. M2 Or the ext.ernal nedi um
buses. M8 and M4 "the internal™ nedlun1 " buses, are used for

~connections through the port cells to al43 four adj acent zones as wil |
be apparent fromrefere

t 0- Fi Each of the two
mul ti pl exers & é’%ré’%e‘ﬁal&’%iﬂ %oﬁ%c’t’?o Cl?](?)oﬁ??ﬁo ﬁ?ei‘inﬁ?ﬁ‘bﬁses

The core cell Qut

Therefore,eaéﬁmp% %ﬁégétlfﬂ %ncgﬁﬂ%nﬁgpneféaSLO gggr Eﬁgéfglg

core cel
function, there being at least two different subsidiary

functions, the <core cells being grouped in tiles
comprising a motor array of the core cells and wherein
each tile has at least one of each different subsidiary
- functions.
60. A semi-conductor integrated circuit as claimed in
claim 59 in which the different subsidiary fuhctions
comprise:- wired-OR; XOR; D-type flip flop and latch
functions. |
61. A semi-conductor integrated circuit as claimed in
claims 59 or 60 when' appended to c¢laim 54 comprising
dedicated connection lines with the horizontal port
cell (specifically wired -OR buses (say 5)) running
across each zone and cdnnecting directly with the wired
-OR core cells.
62. A semi~conductor integrated circuit as claimed in
claim 61 in whiqh conhection of the wired -OR buses'may
be made to a certain (réstricted) number of global
buses, for example by way of the horizontal port'cells.
63. A semi-conductor integrated circuit as claimed in
claim 55 when appendant to claim 50 in which there are'
wire -OR connections between the further global
hoiizontal buses and say three horizontal global buses.

64. A semi-conductor integrated circuit constructed



access half the 8 medium buses that cross each cell. To * conpensate for
this there, is a  tiling of bus connections, Hllm m%llmm"ent
sets of connections, repeated in a 2 by 2 tile S|nllar
functional tiling . Thus, for the illustrated enbodi ment each cdre’cell i
the tile connects to its hor| zontal and vertical nmedium buses as set out i
table 1 below. TABLE 1 Core Mix ©Connectigans from  Connections to: cel
213 A NB(V@ft) NQ(Horiz) - 2/3 B ML(Vert), MA(Horiz) - 2/3 oP
- and (VesulbsthhtB(her | s 1/iferehbefdPd s or MBddor i z)
- 1/4- B NM(V@rt) (Hori z) -

: with reference to and.as 111ustrated in the accompanying

n
n

drawings.

(A



29 1/4 oP

- ML, MA(Vert) , M2, M3(Horiz) Figure

separates the array into zones. The global |evel of interconnect is
separated fromthe .

Title:.Configurable logic array

A configurable semi-conductor integrated circuit
comprising an afea thereof formed with a plurality of
logic  circuits at - discrete sites or -cells -(cc)
respectively defining a matrix array of cells. The
maﬁrix array of cells is subdivided at least into zones
(each comprising a matrix afray of cells) and further
comprising a porting arrangement for each zone and a
hierarchical routing resource structure comprising:-

(1) global connection parts (G, X5 having selectable
connections with the porting arrangement of each zone,
(ii) medium connection parts (M) extending from the
porting arrangeménf. and selectably connectable with at
least some of the cells in a zona, and

(iii) 1local direct connection paths comprising a
restricted signalﬁtranslation systen.

The application also describes a configurable
semi-conductor integrated circﬁit comprising a matrix
array of core cells (cc), each of the cells having a
first simple function in- common .and at 1least one
subsidiary function, there being at least 'two different
subsidiary functions, the core cells Eeing grouped in

tiles comprising a matrix array of the core cells

10

“illustrates diagrammatically for |IIustrat|ve pur poses thé"ﬁTéTaTChy of

i nt er connedt and shows three interconnect structure&mgyi [ﬂg&£J§ ? t he

| ocal interconnect structures which only have the sco ?% and
cannot connect ‘to. port cells, secondly the nediun1int tures
(M which only have the scope of a single zone but ca nect
with port cells and core cell, and thirdbSy the'global |nterconnect (G
whi ch can span the whole array but cannot connect to core cells (CO.

It wil be apparent that these thredBS8RAICT of interconnect will be
brought about by t he exi stence of the porting arrangenent that



medi um and | ocal |evels of "interconnect by the porting arrangenent.
CLAINBAThe clains defining the invention are as follows: 1. A

seni - cAnduct or integrated circuit conprising an area thereof forned with a
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 conprgging a matrix array of said
cells and further conprising a porting afrangenent for each zone, the
integrated ci s@dillleads tige MG Mol hisgrancRirtdlwhiorsindedeBOti L€ has
structare conprising:- (i) global connection paths which extend

contii nuousl y atr aeastoichd lodn canh [dITE esxrththa\salsel @td eyl fusctihend iamd W th
the porting arrangenent of at |east some of the zones, (ii) medi um
connecti on pawhereinerdieng thrles oife port wglds argesreatramged ed@casibty
connectable wth at teast sonme of the cells in a zone, and in which all the
connections uniformly cover the array. Preferably there are fours

—— cells to a tile and the preferred subsidiary function
‘are:- wired-OR, ' XOR, D-type £flip flop and latch
function.

The above features are preferably combined to
produce a particularly édvantageous construction of

configurable semi-conductor integrated circuit.

"



betmeen the global connection lines and the ceIIs are via the porting
,arrangenent and the nedi um connections paths, and (iii) local direct
’connection<paths conprising for each cell a restricted signal translation
" system between inputs and outputs of the cells each selectable as to its
conduction state, those paths extendi ngifpt?2each said logic circuit from
its output to inputs of a first set' of some-of other said logic circuits
and fromits inputs to outputs of a second set of sone of other said |ogic
circuits, each first set of logic circuits being different from any ot her
first set of logic circuits, and each second set of logic circuits being

"different fromany other second set of logic circuit. 2. A sem - conduct or
integrated circuit as clained in claiml1 in which the zones are arranged in
a matrix array of zones. 3. A sem -conductor integrated circuit as
claimed in claim 1 or 2 in which the plurality of zones define a quadrant

~and the integrated circuit has a pIurallty of quadrants. 4. A

- sem -conductor integrated circuit as'claimed in claim3 in which the

. quadrants are arranged in a nmatrix ar :
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31 5. A semi -conductor integrated circuit as claimed in clains 1 to 5 in
~which there are 10 x 10 cells to a zone, 5 x 5 zones to a quadrant and 2 X
2 quadrants. 6. A sem -conductor integrated circuit ‘as clained in any one
of the preceding clains in which the global connection paths extend
hori zontally and vertically across a plLurality of zones. 7. A
sem conductor integrated circuit as cl &/ K4 i n any one of the preceding
claims in which there are a plurality of global correction paths for each
row and colum of cells in a zone. 8. A sem -conductor integrated circuit
as clainmed in claim7 in which there are four global connection paths for
each row and colum of cells. 9. A sem -conductor integrated circuit as
.claimed in any one of the preceding clains in which there are a plurality

of medi um connection paths for each row and colum of cells of a zone.
integrated circuit as clainmed in claim9 in which there

A sem -conduct or

10.

are four
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X

medi um connection paths for each row and colum. 11. A semni conduct or
integrated circuit as clainmed in any one of the preceding clainms in which
each nedi um connection path is sel ectably connectable with an output and/or
i nput of one or nore cells. 12. A sem -conductor integrated circuit as
clainmed in any one of the preceding claggiﬁ?nd conprising further gl obal
routing resources -conprising horizontal vertical buses extending across
a zone horizontally and vertically respectively, and which are connectabl e
with the port cells and with one another. 13. A sem -conductor integrated
circuit as claimed in claim12 in which the further horizontal and verti cal
buses are not connectable to the cells. 14. A sem -conductor integrated
circuit as claimed in claim12 or 13 in which there is one such further

gl obal connection bus for each row and colum of cells. 15. A

sem -conductor integrated circuit as clainmed in claim14 in which there is
a connection between the horizontal and vertical buses for each cell.
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32 16. A sem -conductor integrated circuit as clainmed in any one of the
preceding clains conprising horizontal and vertical port cells, the
porting arrangenment of which permts resources to be routed fromthe gl obal
lines through to the nmediumlines and thereby into the cells. 17. A

sem -conductor integrated circuit as clqlzﬁé in any one of the preceding
clainms in which the general interconnect cture(gl obal and nedi um buses)
are interconnectable with special interconnect structure, for exanple
clocks and tristates, by way of the port cells. 18. A sem -conductor
integrated circuit as clainmed in any one of the preceding clains further
conprising clock distribution channel | $¢dkg a vertical clock bus

ext endi ng between cl ock pads to top fom the array, a horizontal
clock distribution spine, extending cl ock pads to opposite sides of
the array and intersecting with the cl ock bus. 19. A

sem -conductor integrated circuit as & in claim18 in which the clock
bus and the horizontal clock distrifb I ne each have 8 lines. 20. A
sem -conductor integrated circuit gs in claugt18 or 19 in which

there is //
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a vertical clock distribution spine for each zone by which clock and reset
signals are distributed to the vertical port cell of that zone. 21. A

sem -conductor integrated circuit as claimed in claim?20 in which the
vertical clock distribution spine is tapped off fromthe horizontal cl ock
spine. 22. A sem -conductor integrated.cjrcuit as clainmed in claim18, 19
or 20 in which alternate core cells haégliiock and reset signal |ines. 23.
A sem -conductor integrated circuit as clained in any one of the preceding
clainms in which each cell has a conmon logic function and at | east one
subsidiary function, there being at least two different subsidiary
functions, the cells being grouped in tiles conprising a matrix array of
the core cells and wherein each tile has at |east one of each different
subsidiary functions. 33 24. A seni-conductor integrated circuit as
claimed in claim23 in which the different subsidiary functions conprise: -
wired-OR, XOR, D-type flip-flop and latch functions. ' '
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25. A sem -conductor integrated circuit as clained in clains 23 or 24 when
appended to claim 16 conprising dedicated connection lines with the

hori zontal port cell conprising a plurality of wired -OR buses running
across each zone and connecting directly with the wired -OR core cells. 26.
A sem -conductor integrated circuit as clai in claim25 in which there
are 5 wire -OR buses running across each . 27. A sem -conduct or
integrated circuit as clainmed in claim25 or 26 in which connection of the
wired -OR buses may be nmade to a certain (restricted) nunber of gl obal
buses, for exanple by way of the horizontal port cells. 28. A

'sem - conductor integrated circuit as clainmed in claim17 when appendant to
claim12 in which there are wired -OR connections between the further

gl obal horizontal buses a plurality of the horizontal global buses. 29. A
'sem -conductor integrated circuit as clainmed in claim23 in which the
common sinple logic function is a NAND gate. 30. A sem -conductor
‘integrated circuit as clainmed in claim24 in which there are two XCR
‘functions to a tile. 31. A semi-conductor’ inteqrated ci rcwp@s cH@(@ed in
‘claim?24 in which one Qf|| of fers
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optionally two functions. 32. A semi-conductor integrated circuit as
claimed in claim31 in which the two functions offered are those of the
Dflip flop-and latch. 33. A sem -conductor integrated circuit as clained

inclaim?24, in which the tile conprises four cells.. - 34 20. A
sem -conductor integrated circuit as cl aj in claim18 or 19 in which
alternate core cells have clock and re ignal lines. 21. A

sem -conductor integrated circuit as clainmed in any one of the preceding
clainms in which each cell has a common logic function and at |east
one subsidiary function, there being at least two different subsidiary
functions, the core cells being grouped in tiles
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conprising a notor array of the core cells and wherein each tile has at
| east one of each different subsidiary functions. 22. A sem - conduct or
integrated circuit as clained in claim21 in which the different subsidiary
functions conprise:- wired-OR, XOR, D-type flip flop and latch functions.
23. A sem -conductor integrated circ@itqps clainmed in clains 21 or 22
when appended to claim 16 conpri.sing dedrcated connection lines with the
hori zontal port cell (specifically wired -OR buses (say 5)) running
across each zone and connecting directly with the wired -OR core cells. 24.
A sem -conductor integrated circuit as clainmed in claim23 in which

connection of the wired —OR byses y be nade to IEg;¢rtai n (restricted)
nunber of gl obal buses, _@gﬁﬁﬁ%ﬁ i zontal port cells.
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25. A sem -conductor integrated circuit as clained in 35 claim 17
when appendant to claim 12 in which there are wired -OR connections

bet ween the further global horizontal buses and say three horizontal

gl obal buses. 26. A configurable sem -conductor integrated circuit
"conprising a matrix array of core cells Eﬁfﬁ;Of the cells having a first
sinple function in common and at | east o ubsidiary function, there
being at least two different subsidiary functions, the core cells being
grouped in tiles conprising a matrix array of the core cells smaller than
the whol e array and wherein each tile has at |east one of each different
subsidiary functions, and wherein thefgahes f core cells are arranged so
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*

to uniformy cover the array. 27. A configurable sem -conductor
integrated circuit claimed in claim26 in which the arrangenent of the
subsidiary functions within the cells of the tile are substantially
different. 28. A configurable sem -conductor integrated circuit which
iconprises an area thereof formed with a piggi@ ity of logic circuits at
di screte sites or cells respectivel y;—®ath said logic circuit having
in common a restricted sinple logic function capability and itself only
tbei ng capable of inplenenting a sinple logic function, and the cell having
a restricted signal translation system between inputs and out puts of the
logic circuits affording (local) direct connection paths
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36 each selectable as to its conduction state, those paths extending, for
each said logic circuit, fromits output to inputs of first set of sone of
other said logic circuits and fromits inputs to outputs of a second set of
sone of other said logic circuits, each first set of logic circuits being
different fromany other first set of |¢gft2circuits, and each second set
+of logic circuits being different from any other second set of logic =
circuits, the integrated circuit further conprises at each discrete site
or  cell additional optionally selectable circuit configurations
| sel ectively controlled by control neans to enable each cell to operate
'in a selected one of two or nore ways, and wherein there are a
plurality of di fferent opti orngp ations and
| wherein the cells are arranged in groups, pleminiipe ' 1 €d tO as
. tiles smaller than
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*the whole array, with each tile having at.|east one of each of the
different circuit configurations, and wherein the tiles of cells are
arranged so as to uniformy cover the array. 29. A sem - conduct or
integrated circuit as clainmed in claim28 in which the selected one of two
or nmore ways conprises either the sinple |ogic function comon to each cel
or a selected subsidiary function aff gpd4@ by the optionally sel ectable

circuit configurations. 30. A sem -conductor integrated circuit as
claimed in 37 clainms 21 or 26 to 29 in which the common sinple |ogic
function is a NAND gate. 31. A sem -conductor integrated circuit as

clained in
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d

clalms

conf i gurations
of :- wired -OR output buffer;

26 "to 30 in which the optionally selectable circyjpleun-> :
(different subsidiary functions) afford optionalesfunctions
XOR, D-type flip flop (with reset and enabl e)

and latch function (with reset and enable). 32. A sem - conduct or
integrated circuit as clainmed in any one of clains 26 to 31 in which sone
cells may have additional «circuit configurations to facilitate by
virtue of the tile arrangement building yg higher level functions. 33.
sem -conductor integrated circuit as clained in claim?22 or 31 in which

there are two XOR functions to a tile. 3
circuit as clained in claim?22, 31 or

ne cell offers

4.
optionally two functions (prepgmlﬁlf@ﬁy ¥nd | at ch).

ABSTRACT

A configurable semi-conductor integrated circuit comprising an area thereof formed
with a plurality of logic circuits at discrete sites or cells (cc) respectively defining a matrix
array of cells. The matrix array of cells is subdivided at least into zones (each compriéing a
matrix array of cells) and further comprising a porting arrangement for each zone and a
hierarchical routing resource structure comprising:-

(i) global connection parts (G, X) having selectable connections with the porting

~ arrangement of each zone,

(ii). medium connection parts (M) 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 a restricted signal translation system.

The configurable semi-conductor integrated circuit comprises also a matrix array of
core cells (cc), each of thc_e cells having a first simple function in common and at least one
subsidiary function, there being at least two different subsidiary functions.

Fig. 1
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35. A sem -conductor integrated circuit as clained in any one of clains

22, 26 to 34 in which the tile conprises four cells. 36.

semn -conductor integrated circuit as clainmed in claim35.jn whi t he four
3 Tris gghgmhupmcw

Cells are arranged in-a matrix of 2.x 2 cells.

sem -conductor integrated circuit a clained in cIa|m28 I n MCh the
arrangenent of the subsidiary functionsgw thin ce@ Mt, rtile are
substantially different. 38. A sem -conductor I ntegrated ci fcuit as

claimed in clainms 26 and 27 or any one of clains 30 to 36 when appendant to
claims 26 or 27 in which an area thereof is

functions) and arrangéd_ in a particular manner in the array to thereby increase the -

overall utilisation of the array.

According to the invention a semi-conductorintegrated circuit comprises an area
thereof formed with a 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 baving an hierarchical

routing resource structure comprising:-

(i) global connection paths hiving selectable connections with the porﬁng arrangement

of at least some of the zones,

(ii) medium connection paths extending between the porting arrangement and at least
some of | the cells in a zone, and in which all the conncc_tions between the global
comnection lines and the cells are via the porting arrangement and the medium

connections paths, and
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formed wwth 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 zon%s ,eqi%clpegwnge@ﬂat rix
array of said cells and further conprising a portﬂﬁb arr angenent égr each
zone, the integrated circuit as nade having an hierarchiﬁibhpﬁwy
resource structure conprising: - (i) g global cqgeetior S whi ch
extend continuously across nore than one zone and have
sel ect abl e connections with the porting arrangenent of at |east sonme of the
zones, (ili) medi um connection paths extending from the porting
arrangenent and sel ectably connectable wi'th at | east sone of the cells in a
zone, and (iii) local direct connection paths conprising for each cell a
restricted signal translation system between

(iii) 1local 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 outpﬁt 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.

In essence the present invention provides a semi-c_ondﬁctor integrated circuit
comprisiné an area thereof formed with a plurality of logic circuits at discrete sites with
three levels of interconnect, namely global, medium and local, and are brought about by
the existence of the porting arrangement that separates the array into zomes. The global
level interconnect can span the whole array but is separated from the medium and local |
level interconnects by the porting arrangement, the medium interconnect extend at a zone
but can connect direcdly with port cells and core cells, whilst the local interconnect

provides connections between only a few cells.



| Aputs and out puts of the cells each selectable as to its conduction state,
t hose pat hs extending for each 39 said logic circuit fromits output to

inputs of a first set of sone of other said ic circujts. and frgmits
i Aputs to outputs of a second set of sone of ot h(ﬁ'g’s!%'g‘ m
each first set of logic circuits being different from any ot her fi rst set
of logic circuits, and each second set 7of |ogic Qg ts r@ 19%8er ent
from any ot her second set of logic circuit. 39. A sem - con uct or
integrated circuit as clained in claim28 or any one of clainms 29 to 36
when appendant to claim28 in which the plurality of logic ci rcuits at
discrete sites or cells respectively defining a matri x
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 quadrants 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 quadrant and 2 x 2 quadrants. The global connection .
paths conveniently extend horizontally and vertically across a plurality of zones. 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 preferably still there are four global connection paths for each row and

column of cells.

As concerns the medjum connection paths, it is preferred to have a plurality of
these for each row and column of cells of a zone, and preferably four for each row and
column. Each medium connection path is selectably connectable with an output and/or

input of one or more cells.

Preferably the semi-conductor integrated circuit comprises 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 wip:il one
another. It is preferred that they are not connectable to the cells. Conveniently there is
one such additional global connection bus for each row and column of cells, and

 preferably there is a connection between the horizontal and vertical buses for each cell.

Conveniently such additional global connection paths are referred to as x buses.



array of cells, and wherein the matrix array of cells is sub-divided at
| east into zones each conprising a matrix array of said cells .and further

conprising a porting arrangenent for each zone, Wﬂlﬁﬂﬂt as
made having an hi erarchical routing resource stru-&ﬂﬁei% conprising:- (i)

gl obal connection paths which extend cogtinuously across @a an one
zone and have selectable connections with thegsrti Qﬁ ngenent of
at |l east sone of the zones, (ii) medi um connection paths ext endi ng
from the porting arrangenent and sel ectably connectable with at |east sone
of the cells in a zone, and (iii) local direct connection paths. 40. =~ A
sem -conductor integrated circuit as clained in
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.

The use of port cells is also advantageous in that it allows the general interconnect
structure (global and medium buses) to interconnect with special interconnect structure,

for example clocks and tristates.

Accordingly, the circuit advantageously further comprises clock distribution
- channels, preferably comprising a vertical clock bus (with say 8 lines) extending between
clock pads to top and bottom of the array, a horizontal clock distribution spine (with say
8 lines), extending between clock pads' to opposite sides of the array and intersecting
with the vertical clock bus, Preferably there is a vertical clock distribution spine for
each'zone (conveniently tapped off from the horizontal clock spine) by which clo;:k and
 reset signals are distributed to the vertical port cell of that zone. Preferably alternate
core cells. have clock and reset signal lines. Buffers are used in the clock signal
distribution lines as appropriate. R o



40 claim 38 or 39 in which the zones are arranged in a matrix array of
zones. 41. A sem -conductor integrated circuit as clainmed in claim 38,
39 or 40 in which the plurality of zones define a quadrant and t-he
integrated circuit has a plurality of quadrants. ZFRis is theé\repiacemendehesd
integrated circuit as clained in claim41l in which the quadrants are

arranged in a matrix array. 43. A sy - conductor i nte gtﬁﬂiggg&:wt as
claimed in any one of clains 38.to 42 in which t hB#®;r U ells to

a zone, 5 x 5 zones to a quadrant and 2 x 2 quadrants. _
sem -conductor integrated circuit as clainmed in any one of cI ai s 38 to 43
I n which the gl obal
Further advantageous of signal paths arise from dedicated connection lines with the -
horizontal port cells, specifically wired -OR buses (say 5) running across each zone and
conpecting directly with the wired -OR core cells. Preferably connection of the wired
-OR buses may be made t0 a certain (restricted) pumber of global buses, eg. by way of .
the horizontal port cells. A further advantageous feature is to have wifed -OR
| conmections between horizontal x buses and say three horizontal global buses. Pull ups
are advantageously provided for the WO buses, eg. in the horizontal port cells, and pull
ups for the global buses are advantageously situated in the vertical inter-quadrant region.

The preferred connection provisions afforded by the porting arrangement will be
described further hereinafter, along with other features of the integrated circuit.

The configurable semi-conductor integrated circuit may comprise'a marrix 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 and wherein each tile
has at least one of each different subsidiary functions.



connection paths extend horizontally and vertically across a plurality of

zones. 45. A sem -conductor integrated circuit as clainmed in any one of
claims 38 to 44 in which there are a plurality of ég&m&;ti _

paths for each row and colum of cells in a zone. HQQILQIbé‘l-e sem - conduct or
integrated circuit as clainmed in claim™¥5 in which there are four gl obal
connection paths for each row and col um of cel | sPaie7. F [ nduct or
integrated circuit as clained in any one of clains 38 to 46 1n which there:
are a 41 plurality of- nmediumconnection paths for each row and col umm

of cells of a zone.

" The tiles comprise a matrix array of the core cells smaller than the whole'array.
The arrangements of subsidiary functions within the cells of the tile are substantially -
different. The resultant tile of core cells is arranged so as to uniformly cover the array.

Alternatively, the integrated circuit may further comprise at each discrete site ot
cell additional optionally selectable circuit. configurations selectively controlled by
control means to enable each cell to operate in a selected ‘oné or two or more ways, and
wherein there are a plurality of different épﬁonal circuit configurations and wherein the
cells are arranged in groups, hereinaﬂ:ef referred to as tiles, with each tile hiving at least

- one of each of the different circuit configurations. The tiles are smaller than the whole

array and they are arranged to uniformally cover the array.

~ The selected one of two or more ways comprisés either the simple Ibgic function
common to each cell or a selected subsidiary function afforded i)y the optionally
selectable circuit 6onﬁg1uations. The arrangements of the subsidiary functions within
the cells of the tile are substantially different, and the fesultant tile of cells is arranged so
as to uniformly cover the array. |



48. A sem -conductor integrated circuit as clainmed in claim47 in which
there are four medi um connection paths for each row and col um. 49. A

sem -conductor integrated circuit as clained in an¥ gqne of cl.ains 8&&48
' ' ' ' ' ' barisdoe M’ﬁ

i - whi ch each nmedi um connection path is selectably
out put and/or input of one or nore cells. 50. A sem -conduct or

integrated circuit as clainmed in any ongqof clains Ao f am d@@ri si ng
further global routing resources conprising horizo " an ge p‘ca buses
extending - across a zone horizontally and vertically respectively,
and which are connectable with the port cells and with one another. 51.
A senmi-conductor integrated circuit as claimed in claim50 in which the
further horizontal and vertical buses are not connectable to the cells.
52. A sem -conductor integrated circuit as clained in
umform array is preferred with externally identical cells allowing a uniform
interconnect structure to be used regardless of the function of the cell. The interconnect
is identical for all cells within a tile. . In use the autolayout tools will know which cell
supports which function but if the common function only is used then the array can be.
treated completely uniformly, 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 not very efficient, In order to improve the efficiency
of the uniform base array it is overlaid with the subsidiary functions. “The subsidiary
functions represent optimised implementations of functions that can be created using the
primary fuoctions. By using this hierarchy the autolayout tools have a flexible uniform.
o - 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 used on their own to complete a design. An heirarchy of function is preferred as

opposed to an arbitrary distribution of different logic functions.



cl-aim50 or 51 in which there is one such further gl obal connection bus for
each row and colum of cells. 53. A sem - conduct th“rg W@%‘tfés
claimed in claim52 in which there is a connection betvveen t .
and vertical buses fror each cell. 54. A sem -conductor int egratﬁ‘ggﬁs
circuit as claimed in any one of clains 38 to 53 corpatesi ng h8r ABG and
42 vertical port <cells, the porting.grrangenent of which permts
resources to be routed from the gloBal lines through to the nedium

|l i nes and thereby into the cells. 55. A seni - conduct or integrated

circuit as claimed in any one of claims 38 to 54 in which the general
I nterconnect structure (global and nedi um buses) are

The additional or suﬁsidiary 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 is repeated in a regular pattern over the array. o |
The autolayout ﬁlaﬁoemcm target for the primary function is 2 cell whilst the placement
target for a secondary function is a tile. Although the



i nt er connect abl e with speci al i nterconnect structure for exanple cI ocks

and tristates, e port cells. Sﬁ% WWMed
ur

| any one 0 cl ai s 38 to 55 f er conprising clock

Nm& Iy COITpI’ééI ng a vertical cl ock bus (wth
ex n clock Pads to top Geeibot i@ yﬁtﬁgﬁarray,

a horizontal clock di Stl’l bEltlt)n spi n;ﬁmﬁ say 8 lines), exten

cl ock pads to opposite . sides

the verti uctor integrated circuit as
clainmed i %I%@g@gﬁ@gﬁgﬁ%@ﬁeﬁgg gi@g'gt i cal clock distribution spine
for each

whi ch cl oc Ogﬁ}j(sr&glge gna?sggg#éewg é‘&?@%ﬁ? at{]gﬁaiﬁ)?{‘e%katﬁwté@ege) o

circuit as cla
di-stri bution c
| i nes)

say 8

that zone.ph&dlity of légﬁ%ﬁ‘cuﬁ.@w&iﬁr% sit.@st Slgééﬁsei'gsp%ﬁw Uefifing 2 3h4tHY ey 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,
(i) ~ medium connection paths extending from the porting arrangement and selectably

connectable with at least some of the cells in a zone, and in which all the connections

between the global connection linies and the cells are via the porting arrangement and the

medium connections paths and .
(iii) local direct connection paths comprising for each cell 2 restricted signal translation

system between inputs and outputs of the cells each selectable as to its conduction state,

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 logxc circuits being different from any
other second set of logic circuit. - - : 4.

2. A seml-conduct.or mtegrated circuit as claimed in claun 1 in which the zones are

| arrangcd in 2 matrix array of zones

3. A semx-conductor mtegrated circuit as claimed m claxm 1 or 2 in whxch the

are arranged in a. matnx array.

[N:ALIBSG\claims}00215:cpm

I ng between
array and intersecting with

. those paths extending for cé;h said logic circuit from its output to inputs of a first set of -

: plurahty of zones define 2 quadrant and the integrated circuit has a. plurality of
_quadrants | " | |
4. A seml-conductor mtegrated circuit as clalmed in clalm 3 in whxch the quadtants'“ g



claimb56 or 57— | |Lternate core cells have g&%k tdtsibnal
arnmed in

lines. 59. em - conduct or 1 ntegrated ci rcuime 43 any
one of clains ’,ﬂj’m,,w each cell has a common Iogl c nction
and at least’ mp function, thereW@ ﬁ]

- different subsi d| ary “fuhictions, the ore ei 8 grouped in
tiles conprising a notor array of the core cells and V\/nereln each tile has
at l'east one of each different subsidiary functions. 60. A :
sem - cond§ct Ol éeiiR@hdicest Midgeited ceanpis%mmduﬂ cﬁm T &% i wifthCerdeRe
di fferent subsidiary functions conprise:- wired-OR, XOR;, D-type flip

flop and10a Ihcells to a zone, 5 x 5 zones to a quadrant and 2 x 2 quadrants
6. A semi-conductor integrated circuit as claimed in any one of the preceding claims
in whn:h the global connection paths extend honzontally and vemcally across a plurality
- of zones. |
7. A semi-conductor integrated circuit as claimed in any one of the preceding claims
in which there are a plurality of global correction paths for each row and column of cells
in a zone. | |
8. A semi-conductor integrated circuit as claimed in claim 7 in which there are four
. global connection paths for each row and column of cells. | |
9. A semx-conductor integrated circuit as clalmed in any one of the precedmg claims
in which there are a plurahty of redium connection paths for each row and column of
cells of a zope.
10. A semi-conductor integrated circuit as claimed in claim 9 in which there are four
medium connection paths for each row and column. |
1. A éemi-conductor integrated circuit as claimed in mf one of the preceding claims
in which each medium connection path is selectably connectable with an output and/or
input of one or more cells. |
12. A semi-conductor mtegratzd cxrcmt as claxmed in any one of the precedmg claims
and comprising further global routing resources comprising horizontal and vertical buses
extending across a zone honzontally and vertically respecuvely, and which are
connecuble thh the port cells and thh one another.
13. A semx-conductor mﬁegrated circuit as claxmed in claim 12 in which the ﬁlrther
honzonta; and vertical buses are _not connectable to the cells. _
14 .A' sgmi-coridu'ctor -in'té_gxatpd'circqit- as clalmed in claim 12 or 13 in which there is
‘oné such further giobal connection. bus for eich Tow and cdlumn of cells. |
-15. A semi-conductor mtegrated clrcuxt as clalmed in claxm 14 in wh1ch there is a |

. . connection between the honzonr.al and vemcal buses for each ccll



functions. 61. A sem -conductor integrated circuit as claimed in claims
59 or 60 when appfmdeﬁ——t—e—c—l—&i—m~54 conpri sing dedi catd SO

lines with the hor (specifically Witsdst -use(say 5))
runni ng across eacuim m ting directly with the V\nre\&;l@ core
cells. A se grated circuit Zi‘? ai OB I'm 61 in

whi ch connectlon of the wired CR buses2may be nmad certain
(restricted) nunber of global buses, for exanple by way of t he hori zontal
port cells. 63. _ A sem-conductor integrated circuit_as clainmed-in claim
55 when akfbersemi-conductar integrated ojpeuis 4s i anyprecof thegrecedingrglaimsi ons

- between the . further Iobal _horlzont | buses and say th{o%e hari zont al

gl obal bmmm horizonta th pells, the-prrting arrapgemant of Which peraiBd
resources to be routed from the -global lines through to the medium lines and thereby into

_the cells.

17. A semi-conductor integrated circuit as claimed in any o:ne of the preceding claims
in which the general mtcrconnect structure (global and medium buses) are -
interconnectable with special interconnect structure, for example clocks and mstates, by-:
- way of the port cells. ,
18. A semi-conductor integrated circuit as claimed in any one of the preceding claims
further comprising clock distribution chamels, comprising a vertical clock bus extending
between clock pads to top and bottom of the arra'y, a horizontal clock distribution spine,
extending between clock pads to opposite sides of the array and intersecting with the
vertical clock bus. - |
19. A semi-conductor integrated circuit as clﬁimed_ in claim 18 in which the clock bus
~ and the horizontal clock distribution spine each have 8 lines.
20. A semi-conductor integrated circuit as claimed in claim 18 or 19 in which there is
a vertical clock distribution spine for each zone by which clock and reset signals are
~ distributed to the vertical port cell of that zone.
21. A semi-conductor integrated circuit as claimed in claim 20 in which the vertical
clock distribution spine is tapped off from the horizontal clock spiné: -
22. A semi-conductor mtegrated circuit as_claimed in claim 18, 19 or 20 in which
| alternare core cells have clock and reset signal lines. .
23. ‘A semx-conductor mrzgmed circuit as clamed in any one of the precedmg clanns-
in wluch each cell has a common logic fanction and at least one subsidiary function,
- thete bemg at least two dxfferent subsxdxary t‘unctxons, the cells bemg grouped in tiles
comprising a matrix array of the core cells and wherein each tile has at Ieast one of each

different subsidiary- funcnogs.



44 and arranged substantially as herei nbefore descri Wence to

and as |IIustrated |ﬂ|ﬂ1kmm

~

ome: 08 NGB HII\lI\ I \\I\I \\ \lI\

24. A semi-éondu;:tor integrated circuit as claimed in claim 23 in which the different
subsidiary functions corﬁpﬁse:— wired-OR; XOR; D-type flip flop and latch functions.

25. A semi-conductor integrated circuit as claimed in claims 23 or 24 when appended
to claim 16 comprising dedicated comnection 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, |

26. A semi-conductor integrated circuit as claimed in claim 25 in which there are 5

wire -OR buses running across each zone.

27. A semiconductor itegrated circuit as claimed in claim 25 or 26 in which
coxixfection of the wired -OR 'buscs may be made to a certain (restricted) number of
global buses, for example by way of the horizontal port cells. | |

28. A semi-conductor integrated circuit as claimed in claim 17 when appendant to
claim 12 in which there are wired -OR connections between the further global horizontal

buses a plurality of the horizontal global buses.
29. A semi-conductor integrated circuit as claimed in claim 23 in which the common

simple logic function is a NAND gate,

30. A semi-conductor integrated circuit as claimed in claim 24 in which there are two

XOR functions to a tile. _
31. A semi-conductor integrated circuit as claimed in claim 24 in which one cell offers
optionally two ﬁmi:tions.

32. A’ semi-conductor integrated circuit as claimed in claim 31 in which the two

* functions offered are those of the D-flip flop and latch.

33. A semi-conductor integrated circuit as claimed in claim 24, in which the tile

comprises four cells.

34. A .semi-conductor integrated circuit constructed and arranged substantially as

hereinbefore described with reference to and as illustrated in the accompanying

drawings.
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. CONFIGURABLE LOGIC ARRAY
ABSTRACT

" A configurable semi-conductor integrated circuit comprising an area thereof formed
with a plurality of logic circuits at discrete sites or cells (cc) respectively deﬁning' a man'i-:‘c“
array of cells. The matrix array of cells is subdivided at least irito zones (each comprising
matrix array of cells) and further compnsmg a porting amngament for each zone and a
hxerarcmcal routing resource structure compnsmv -

(i) global connection parts (G, X) having selectable connections with the porting
arrangement of each zore,
(i) medium connectmn parts (M) extending from the porting arrangement and selectably
~connectab1e with at least some of the cells in a zone, and
(iii) local direct connection paths comprising a restricted signal iranslation system.

The configurable semi-conductor integrated circuit comprises also a matrix array of
core cells (cc), each of the cells Having a ﬁﬁt simﬁle fupction in common and at least one
- subsidiary function, there being at least two different subsidiary 'ﬁmctions.
Fig.'1 o '
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24. A semi-conductor integrated circuit as claimed in claim 23 in which the different
subsidiary functions comprise:- wired-OR; XOR; D-type flip flop and latcli?ﬁmctions.

25, A semi-conductor integrated circuit as claimed in claims 23 or 24 when appended
1o claim 16 comprising dedicated connéction lines with the horizontal port cell
comprising 2 plurality of wired -OR buses running across each zone and connecting
directly with the wired -OR core cells.

26. A semi-conductor integrated circuit as claimed in claim 25 in which there are 5
wire -OR buses running across each zone.

27. A semi-conductor integrated circuit as claimed in claim 25 or 26 in which
connection of the wired -OR buses may be made to a ccrtam (restricted) number of
global buses, for example by way of the horizontal port cells.

28. A semi-conductor integrated circuit as claimed in claim 17 when appendant to
claim 12 in which there are wired -OR connections between the further global horizontal
buses a plurality of the horizontal global buses.

29. A semi-conductor integrated circuit as claimed in claim 23 in which the common
simple logic function is a NAND gate. | B

30. A semi-conductor integrated circuit as claimed in claim 24 in which there are two
XOR functions to a tile.

31. A semi-conductor integrated circuit as claimed in claim 24 in which one cell offers
optionally two functions.

32. A semi-conductor integrated circuit as claimed in claim 31 in which the two
functions offered are those of the D-flip flop and latch.

33. A semi-conductor inteprated circuit as claimed in clsim 24, in which the tile

comprises four cells.
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