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{54) Title: A SEMI-CONDUCTOR INTEGRATED CIRCUIT \/
(57) Abstract

A semi-conductor integrated cir-
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cuit, as made, comprises an area thereof

<—0 HeC

formed with a plurality of cells cc, each

Jyz\

cell having a plurality of resources which

e

comprise storage/programming resources

10~
and functionat resources. The functional 0 {

resources comprise at least one of routing

PC

resources and logic function resources HSP(

according to the cell type. As made each

cell has a finite number of resources in it.

T

According to onc aspect, the resources

_~SPC (K}

available to one cell are augmented by

utilising resources from at least one other

——3$2

cell. This is achieved without prevent-

pendently. Also described is a hierarchi-
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cal routing structure disposed in succes-

sive layers. The cells are disposed in a
matrix array of cells divided into zones.
There is a plurality of zones in the array
and a zone porting arrangement for each
zone. According to another aspect of the
invention the successive layers of roult-
ing resource comprises zone interconnect
comprising local direct connection paths
connecting at least some of the cells with
some other cells, and medium connection
paths extending from the zone porting ar-

rangement and selectably connectable with at least some of the cells in a zone; and global connection paths having selectable connections
with the zone porting arrangement of each zone; and further comprising one or more further successive levels of routing resource having a
respective porting arrangement to connect that level of routing resource with the preceding level of routing resource.
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The present invention relates to a senmi-

conductor integrated circuit, and especially, but not

exclusively, to a semi-conductor integrated circuit of

the type comprising configurable logic circuit arrays.
A semi~-conductor integrated circuit comprises a
plurality of resources which can be divided up into

routing resources, function resources and

10 storage/program resources. In our British Patent

Specification No. 9410980.8 (which is itself a

development of our British Patent No. 2180382 and U.S.
Patent No. 5001368) there is described a configurable

logic circuit array having a matrix of discrete sites or
15 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 a primary function and each site
The cells

has a secondary function. are arranged in

20 tiles being a grouping of 2 x 2 core cells and a
selection of different secondary functions are available
within a tile. Each cell connects to others by way of a

restricted 1local interconnect structure where each

output of a cell connects to a sub-set of the inputs of



available within the array is not possible, due to restrictions in
routing the required signals to and from the function cells. The
problemis exacerbated by the 15 requirenent to reduce the silicon
area used by the device to a mninum to provide a |arge function
to sWao wass2éost ratio. The | ogi c cir PETIGBI¢/024bkc cel | S
provi de function resources or can be used as routing resources at a
| ocal 20 | evel . Q her I nt er connect structures nust be
effectively used and the silicon area used is det er mi ned
by the functi onkts nplperpenddcabat heweibgibeans. The cablls lBlsdheconnebtr of
programm ng bits required to control the specified functions.
Thus, to keep the emch ofhercohy chedium ponneghionapathpsihas extend
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layout ag possbdl® array By Nhaaned.of ld) toeting arrangement which

supplies connections between the core cells within the
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zone via medium buses and with other zones by either
global interconnect or by the medium interconnect of
the adjacent zones.

10 A restriction of configurable logic circuit
arrays is that the full use of all the functions
available within the array is not possible, due to
restrictions‘in routing the required signals to and from
the function cells. The problem is exacerbated by the

15 requirement to reduce the silicon area used by the
device to a minimum, to provide a large function to
silicon cost ratio.

The logic circuit of the cells provide function
resources or can be used as routing resources at a local

20 level. Other interconnect structures must be
effectively used and the silicon area used is
determined by the functions implemented on the silicon
and by the number of programming bits required to
control the specified functions. Thus, to keep the

25 silicon cost as low as possible the number of

programming bits used needs to be a minimum, with as few



device according to British Patent Specification No. 5 9410980. 8 al |
the core cell tiles have the sane physical | ayout and the use of the
two input core cell function dictates that inplenentation of a three
i nput function requires at Jleast two core cells to be used

t oget her ] t he i nterconnect resources to connect ells.
10g t oget h‘g?”%%]commn function used within circuits Téﬂg";‘m‘&

mul ti pl exer. A two input nultiplexer requires three i nputs and
hence with the prior art nmultiple core celds have to be used to
generate the function, together wi{h t he associ at ed_iniercqnnect
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i nctrease in [icon area. nother aimof the invention is to all ow
the nunber of gekliget hédécoxfiinge usediritisi (Hutetnepeoificatiomda.ncreased

with mnimal increase in silicon area. Accordingly, a first
aspect ofsthe i9420A80o% all the gooposebl dides haved theosaket physicad circuit
whi ch, as 25 made, conprises an_area thereof forned vmtt1514¥ urality

of cells, eachl@¥PREnaRAndhe WSEr aPft the ftye dutegore cell func

dictates that implementation of a three input function
requires at least two core cells to be used together
with the interconnect resources to connect the two cells

10 together. A common function used within circuits is a
multiplexer. A two input multiplexer requires three
inputs and hence with the prior art multiple core cells
have to be used to generate the function, together with
the associated interconnect resources used. Making the

15 cells more complex would require a considerable increase
in the silicon area.

It is an aim of one aspect of the present
invention to increase the number of c¢ircuit instances
that can be placed in a zone with minimal increase in

20 silicon area. .Another aim of the invention is to allow
the number of cells that can be used within the zone to
be increased with minimal increase in silicon area.

Accordingly, a first aspect of the invention
proposes a semi~conductor integrated circuit which, as

25 made, comprises an area thereof formed with a plurality

of cells, each cell having a plurality of resources
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4 whi ch conpri se storage/ programm ng resour ces and

functi onal resources, t he functi onal resour ces conpri si ng
at | east one of routing resources and |ogic function resources

according twosvAmazecell type and 5 wher eas, as nade pcrnodi4eae! |
has a finite -nunber of resources in it, and wherein the

| mprovenent conpri ses augmenting the resources available to a
cell by utilising resources fromat |east one other cell

Thus the presenhidl entdoRipric@POSetofdld /ptdoamnifly FéSeurdeRs hativeen
cells so as to maximse silicon utilisation and circuit

ef ficiency. functional |t riesopreés;red theat tflaactiébhal ar ecaispossd in a
matrix array which is divided into zones. I n one enbodi nent,
for a cell coneenpriping as lesst onepRf xEupisg TrefPRFcesAnd 4093F mary

f t d d f d t
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a way tha unc I on of t sour ce ce
resources in it, and whereln the improvement comprises

augmenting  the resources available to a cell by
utilising resources from at least one other cell.
Thus the present invention proposes sharing of
10 resources between cells so as to maximise silicon
utilisation and circuit efficiency.
It is preferred that the cells are disposed in a
matrix array which is divided into zones.
In one embodiment, for a cell comprising a two
15 input device which has a primary function and a
secondary function, the secondary function can become a
.three input function (eg. a two input multiplexer) by
sourcing the third input from another cell. This is
done in such a way that the function of the source cell,
20 which is preferably an adjacent cell, is not disabled.
This offers a saving in core cells used, allowing
circuits of greater complexity to be implemented upon
the array. Its also has the advantage of increasing the
speed a function can be run at, when compared with the
25 prior device. More specifically according to this

embodiment cells are arranged in tiles, for example

’



20 which is preferably an adjacent cell, 1is not disabl ed. Thi s
offers a saving in core cells used. allowng circuits-of-greater
conplexity to be 1 nplenented upon the array. Its also has the
advant age of increasing the speed a function can be run at, when
compared with the 25 prior device. More specifica di ng

to this wo 97 diment cells are arranged in tiles, fo?&é?gﬁgﬁgﬁ
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5 conprising a matrix array of 2 x 2 core cells, each core

cell having a common primary function (eg. 2 input NAND gate) and a
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such a construction it 1s preferred if the third

input for the nyhhhet EifTerakEnsédonadie fanttiohsywitiin aadiideent cell
in the sane tile. Also the output is taken fromthe ned

out put drisver.
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pbts sewens core cells may have the same secondary
functions. Usually each tile will be identical. The
cells are conveniently disposed in rows and columns.
For such a construction it is preferred if the third
input for the multiplexer is taken from the vertically
adjacent cell in the same tile. Also the output is
taken from the medium bus output driver. This means
that the driving cell can still be configured as a
totally independent function, the only restriction being
that the driving cell could only output via its local
interconnect structure, except where the driving cell
also generates the signal to the third input of the
driven cell.

The logic sites or cells as made have a local
interconnect structure by which any one cell is only
connectable with some of the other cells. Usually any
one cell will only connect with its eight nearest
perpendicular neighbours. In addition, there are
medium connection paths by which signals are routed to
or from a cell via a port cell associated with the zone
in which the cell concerned is located.

In another embodiment, particularly for the

um bus



that the driving cell can still be configured as a totally

| rlependent function, the only restriction being that the driving
cell could only output via its local 15 i nt erconnect structure,

except where the driving cell al so generates the signal to the
third i nput eod7nsas driven cell. The | pgTGBYEN2R61 OF
cells as nmade have a | ocal I nt erconnect structure by which any one
cell is only 20 connectable with sonmegof the other cells. Usually any
one cell will only connect with its eight nearest per pendi cul ar
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and wheresthe prbe via a medium bus to the port cell and thence to
the medium bus of the adjacent 2zone, there is no need
for a local connection path between those adjacent
cells. This results in the core cells at the zone
boundaries having spare programming bits. For the
10 above~described structure the core cells in the corners
of the zones have four spare bits since they could have
had four local interconnections that bridged the port
cells, ie. two in the horizontal direction, two in the
vertical direction. The core cells along the sides have
15 two spare bits corresponding to removal of two local
interconnections across the zone boundary. The above-
described local interconnects for these boundary core

cells can be physically removed.
Greater interconnectivity from the port cells to
20 the core cells would enable designs to be implemented
with less routing. This, in turn, would lead to more
cells being available for functions rather than routing,
thereby increasing the circuit depending within the
zone. To increase the connectivity at the port cells
25 would require extra programming bits to implement the

function. This, in turn, would cause the layout of the



for signals between adjacent cells at the zone boundary 5 can be via a
medi um bus to the port cell and_thence to t he medi um bus-ef—t he
adjacent zone, there is no need for a local connection path between

t hose adj acent

boundaries _havin spare programmng bits. For the 1 461
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are reassigned to be used by the port cells to provide
greater connectivity from the port cell multiplexers
onto the medium busses, thereby enabling connectivity
between the global interconnect and the medium
interconnect to be increased. The physical location at
the reassigned programming bit remains unchanged, ie.
they stay in their respective core cells.

our co~-pending published British Patent
Application Publication No. 2279168 describes a logic
circuit array which, as made, comprises an area thereof
formed with a plu:ality of logic circuits at discrete
cells respectively defining a matrix array of cells.
The matrix array of cells is sub-divided at least into
zones (each comprising a matrix array of cells) and
further comprising a porting arrangement for each zone
and a hierarchical routing structure comprising global
connection paths having selectable connections with a
porting arrangement of each zone, medium connection
paths extending from the porting arrangement and

selectably connectable with at least some of the cells
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port cell on the silicon to increase in size, leading to

an

reduction in function

to cost ratio. According to this aspect of the present
i nvention Swooyifdes progranmming bits which were previ popicnosgeEaéioyed
controlling local interconnect at the zone boundaries are reassigned

to be used by the port cells to provide
cell multiplexers
connectivity
i nterconnect to
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restrictions in routing the required signals to and from

the function cells across the whole array. The problem
is exacerbated when larger devices are implemented, due
to the greater number of signals that are reguired to be
passed around the array. As devices become larger, the
routing paths across the array becomes slower, due to
the physical length of these paths énd the loading
effects of the resources connecting to them, hence
effecting the overall effectiveness of the array.

One solution, and perhaps the obvious solution,
is to create more resources at each level, ie. more
global connection paths and more medium connection
paths. However, this is disadvantagecdus in terms of
silicone wutilisation and accordingly the present
invention aims to provide a solution.

Accordingly, this aspect of the invention
provides a semi-conductor integrated circuit which, as
made, comprises an area thereof formed with a plurality
of logic circuits and defining a matrix array of cells
divided into zones (preferably there is a matrix array

of zones) and a zone porting arrangement for each zone,

greater connectivity from
onto the nedi um busses, thereby enabling
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a

they stay in their



20 zones (each <conprising a matrix array of cells) and

further conprising a porting arrangenent for each zone . —and—a—

hi erarchi cal routing structure conprising gl obal connecti on paths
havi ng sel ectabl e connections with a porting arrangenent of each
zone, nmedi um conn ion 25 pat hs extendi ng fromthe 5905&?

arr angenent éﬁ fﬁ? sel ectably connectable with at IeaHFnso t he
cells WD 97/ 13324
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function cells atross the whol e array pro I S exacer bat ed
when | arger devofpsiging iXgdaAredigdctddénnection t paitthe gomméctinygimter of
signals that are required to be 10 passed around the array. As devices
becone I%rger least some qfputthey pelhs aeitdss some gthay eetlmeand ower,
due to

medium connection paths extending ffom the porting
arrangement and selectably connectable with at least
some of the cells in a zone; and global connection paths
having selectable connections with the porting
10 arrangement of each zone, and further comprising one or
more further successive levels of routing resource
having a respective portihé arrangement to connect that
level of routing resource with the preceding level of
routing resource.
is By adding extra levels of routing hierarchy in
this manner, devices larger than that contemplated can
be effectively implemented. This allows the
architecture to be scaled to any size by the addition of
extra levels of routing hierarchy, each separated by a
20 respective porting arrangement. This allows general
signals (ie. not clock or reset signals) that are
required to be passed across the whole array to use the
higher levels of hierarchy before using the lower levels |
to reach the actual function cells. Whereas the general
25 signals that only require to travel smaller distances

are able to do so on the lower 1levels of the routing



the physical length of these paths and the |oading effects of

the resources connecting to them hence effecting the overal

ef fectiveness of the array. 15 One solution, and perhaps the
obvi ous sol uti on, IS to create nore resources at each level, ie.
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pat hs. However, this is disadvantageous in terns of silicone
utilisation and accordi ngly t he prei i nvention ainms to
provi de a solution Accor di gly, this aspect of the

| nventi on o5 18180 PLaGOREGHO obBLAYT 3bf ek Ciis Wihep, as

made, conprlses an are thereof ormed wth a p | ogi c
circuits and defh@ifichbibrTRiE t¥nA&EBYoM Tpdigitss fo25eachdlb\¥$ died nemmedzones
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For convenience the first further 1level of
routing resource will be referred to as the super-global
level and the associated port cells for that level will
be referred to as the super-global port cells.

10 It will be apparent that each porting arrangement
connects two adjacent levels of routing hierarchy.
Advantageously the porting arrangement also provides
connection to other busses within the same layer of
hierarchy. The porting arrangement at each level

15 reflects the typical layout of an integrated circuit in
which the cells are disposed in rows and columns, and
comprises port cells and conveniently there are port

cells which extend in the horizontal direction and in

the vertical direction. Conveniently these are
20 referred to as horizontal port cells and vertical port
cells respectively. Within each layer, there are

connection paths, conveniently referred to as busses,
which run in the horizontal direction and in the
vertical direction. Turns between the horizontal and
25 vertical busses are accommodated by additional busses

conveniently referred to as x busses. In the preferred



conprising |local direct connection paths connecting at 5 | east sone
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al | ows t he architecture to be scaled to any size by the addition

of extraphpyets Wil NGoRheEar Hhe e z6ARAL at &tk hierticdd

respective porting arrangenent. This all ows general signal s
(ie. not clock segmeses ofi hiheise) bubses atagether tor énplement AR twrssed
across the whole array-to use the hi gher | evel s of hierarchy before

usi ng t he 3 ower WiEhdrsthat layey @fchintprcannest-f uncThese ceof (tuss@fier eas
the general 2

(e 9Ener el 2ok oA £ Bk ke BIFfealy®t onoes
arrangements. A preferred arrangement is <for the
switches for these types of busses to be situated within
sonme of the core cells.

i0 Just as there is a port cell for each zone of
cells, it is preferred that the porting arrangements for
each successive layer will be zoned such that any port
cell for that level will have access to a plurality of
port cells of the preceding lower level via the
15 connection paths for that level. Thus for example, a
super-port cell will connect with a plurality of port
cells of the adjacent lower level via the global
connhection path 1linking those port cells. Thus, each
super-port cell is associated with a plurality of zones.
20 This is conveniently referred to as a super-zone.
Usually there will be a decreasing number of port cells
in each successively higher layer. Each porting
arrangement also allows connection of the same type of
busses between adjacent 2zones in the same layer.
25 Preferably the device has at 1least three levels of

hierarchy. A preferred construction comprises tiles
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16- hi erarchy. This reduces the | oading on each bus since t he
nunber of connection points for each bus is reduced. Thi s reduction
i n loading causes an increase in the speed of the routing paths,
hence the wBe¢gss2eand 5 ef fecti veness of the overall acrapém461

| mpr oved. For convenience the first further |evel of
routing resource will be referred to as the super-gl obal | evel and
the associated port cells for that |level wll be referred to as the
super - gl obal pQidnsieklifg of0 four indivibhalV tbrdecaNRAr &itht Dot t £red
porting arrangenent connects two adjacent |evels of routing

hi er ar chy. {100Adozet agkbsis Imaking mppr &i agney ramtoviEreial thepronesies
connection to other busses within the same | ayer of hi erar chy. The

porting arrangeeestrugtured chinte falperrgones ofith tprafiegraplyi cal X 2yout of
an integrated circuit

I, N which the cells are disposed jn rows and
columns, and 20nes MaKing; UR A RHREI-ZOPE- ong TRERRNitsht ng‘e?ﬁEPéP%r% port
GELLS, 118" OO By L ML AL it praskbiy oL

3 x 3 super-zones plus input/output to make up a device.

One preferred construction of interconnect
hierarchy comprises zone interconnect made using either
local or medium interconnect, with the port cells (ie.

10 vertical and horizontal port cells) around each zone
used to connect the medium busses to the next higher
layer of routing hierarchj. Local interconnect is used
to connect a cells output' for example to each cells
nearest perpendicular neighbours, and with the medium

15 busses running horizontally and vertically, providing
connections to core cells within the zone. Preferably
there are six medium busses per row and column.
Interconnect further comprises a global interconnect
layer consisting of global and x busses. Connections

20 from 2zone level medium busses to/from global and x
busses are made via the port cells. The global busses,
as well as connecting to the port cells, also connect to
I0 cells and what are termed super-port cells, ie. the
port cells of the next higher routing resource. Global

25 busses run vertically and horizontally across the super-

zones, ie. between the ports of the next higher level of



20 referred to as horizontal port cells and vertical port

cells respectively. Wthin_ each laver fhere are —connection
pat hs, conveniently referred to as busses, which run in the

hori zontal direction and in the verti cal di rection. Tur ns

bet ween t he ri al and 25 vertical busses are accomm

additional b § é?ﬁs conveniently referred to as x buggg@q”#’??‘f'he
preferred WO 97/ 13324

PCT/ GB96/ 02461 13 11 arr angenent

t hese additi onal busses connect to swt tuated at discrete
cites within thEeSQYLRR- { Fbe, X busses pﬁftepogéeﬂef:ﬂg W%OWF&S[ [a% the

horizontal and VfE%AfXHr°H§ing $ nts %he%gesgrgusﬁféf%erc €hnirBe

I mpl enent 90[er? ur ns in that ayer nnec
These x bussesgjopal pus¥dacghal &né heivud el e%r{?'?&@raﬁw 2ol BETting

arrangenents. A preferred arrangenent is swi tches for
t hese types of bosseselis.be siwitehesl hetusen horlzontammanﬁ verticalexcel | s.
10 Just as there is a port <cell for each zone of

’ 5 busses (to make 90° turn between horizontal and vertical

global busses) are situated in each of the core cells.
Interconnect further comprises a super-global
interconnect layer comprises super-global and super-x
busses. This layer is used for connections that span

10 the whole device (that is, across super-zones between
the super port cells and other super port cells 10
cells). Connections between the global and the super-
global resources are made using the super-port cells
situated between super-zones. There is preferably one

15 super—-global bus and two super-x busses per row and
column of core cells. The super-x busses are used to
make turns at the super global level. The super-port
cells are also used to make liner connections between
global and super-global busses.

20 The hierarchical interconnect structure can be
further extended to at least a further successive layer
of routing conveniently referred to as hyper-global
above the super-global interconnect. The super-~global
interconnect would only span across super-zones whilst

25 the extra layer would extend across at least some

super-zones and partitioned by a porting arrangement



cells, it is preferred that the porting arrangenents for each

successive layer will be zoned such that any port cell for that

|l evel will have access to a plurality of port cells of the
precedi ng | ower |l evel via the 15 connection paths for that

| evel . Thyo dmasaRgxanpl e, a super-port cell w il osrfesdsordei h a
plurality of port cells of the adjacent lower level via the
gl obal connection path 1linking thpse port cells. Thus, each
super-port cell is associated with a plurality of zones. 20 This is
conveni ently Rﬁgﬁékegorﬁo céfls)?  SURRE- Zﬁﬁﬁtln arradyénbhy tReuriw ||l be
a decreasi ng nunber port cells eaé% successi vely higher

| ayer. Eacltconpetti the super—girdngéﬁt@fc@ixﬁbtalﬁooMeceﬁmeat leveDdf the
sanme type of busses between adjacent =zones in the sane

| ayer. 25 Dﬁeﬁamascgnne¢na ansl itee thrasuper-glahedt inﬁnréennevtlefcﬁ

hi er ar chy. A pre %rred construction conprises, til WO
97/ 13324 adjoining partltloned area. ﬁ%ﬁ?ﬁj@géﬁ@gg§§ra layer,

12 conS| { o] o e

(100 Core cel | S’;?l %rg.ﬁm H&uizéggeé:\é o Vmgégh% mlion\@a g {rel:'gfcal

directions. The busses in the extra layer would run in
the horizontal and vertical directions, turns between
the horizontal and vertical busses are accommodated by
additional busses of type x. These additional busses

10 connect to switches situation at discrete cites within
the array, their purpose being to connect the horizontal
and vertical segments of these busses together to
implement 90° turns within that layer of interconnect,
these x busses cdnnect to their 1level of hierarchy at

i5 the porting arrangements.

The various aspects of the present invention will
now be described further hereinafter, by way of example
only, with reference to the accompanying drawings; in
which:-

20 Figure 1a is a diagrammatic illustration of part
of a hierarchical routing structure according to the
present invention,

Figure 1b is a diagrammatic illustration of part
of a hierarchical routing structure according to another

25 embodiment,

Figure 2.1.A is an overall schematic of an array



are structured into super-zones with preferably 5 x 5 zones naki ng

up a super-zone. There is_ preferably a 5 mat.ri x of super-zones
maki ng up a device with preferably 3 x 3 super-zones plus

| nput/out put to nake up a device. One preferred
construction I nt er connect hi erarchy conpri ses

I nt erconnect ﬁ’e?a’é”a‘él ng either | ocal or ?lredi Lﬂ% I nt efé’g@‘ﬁ% 2“lvm' th
the port cells (ie. 10 vertical and horizontal port cells) around
each zone used to connect the medi ub® busses to the next higher

| ayer of routing hierarc Loca gterconnect I s used _ to connect a

cell's output ucﬁﬁﬁﬁp%/’%b°qyd'“ge§ f ¢cBygRtion, near est per pendi cul ar
nei ghbours, and wi th tpeprdipm 41 lluQHféfggréﬂg“'3@at98£'59“§ gLy and
ons

vertically, providing connectl 0 core ce I's wthin the zone.
Preferably bust B@i€ché& e sSix nmedium busses per row and colum.

I nterconnect further conprises a gl obal interconnect | ayer

consi sting of global aRiguréuwssss i€oanschematsic 4F a super-paptecellgvel
medi um busses to/from global and x busses are nmade via the port
cells. Th® global busEégure 2.3.A ijdugkrates comestions fertverpinal cell s,
al so connect to | O cells and what are terned super-port cells, ie.

t he porﬁmE§IF§16? t he next higher routing resource. G obal 25

busses run vertically ngl:@ri fﬁ)%ql S e{”e%?af 'beor%”%‘aerl‘.l schematidOnes i e.

bet ween the ports of t next
Figure 2.3.C 111ustrates connections for a

horizontal port cell,
10 Figuré 2.3.D is a horizontal port cell schematic,
Figure 2.3.E-H are port cell schematics for the
top, bottom, left and right edges respectively,
Figure 2.4.A. illustrates diagrammatically a zone
structure,
15 Figure 2.4.B illustrates a preferred embodiment
of local cell to cell signal connection possibilities,
Figure 2.4.C illustrates the medium  Dbus
connections for a Type A tile,
Figure 2.4.D illustrates the medium bus
20 connections for a Type B tile,
Figure 2.4.E 1illustrates a preferred arrangement
of tiles in a zone,
Figure 2.5.A is a schematic of a core cell
structure,
25 Figure 2.5.B is a diagrammatic illustration of

core cell tiling,
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13 resource. The x busses are used to make turns at the

global routing Ievel. There are preferably three gl obal
busses and one x bus for every row and col um of core cells.

Swi t ches betygeinsgy i zontal and vertical x 5 busses (mex/cBIcm2489[ 11 |
turn between horizontal and verti cal gl obal busses) are situated in

each of the core cells. | nt er conne further conpri ses a
super - gl obal i nt erconnect | ayer conprises super-global and super-x

busses. This layer ispusgfs s LONRCG! I Q0Rhd i SRYE e bl ceffiol €

device (that is, acrosS super-zones between the super port cells

and ot her supefrnpg@tt mGetipléker, cells). Connections between the

gl obal and the super- gl obal resources are made using the super-port
cells si t uat edFhgureen2.sUpeniszoaesschénmtric iforpthéecabed \calile 15
super-gl obal bus and two_ super-x busses per row and col um of
core cells. TIORtPREHBRILIPIAXAS, are used to make turns at the

super global level. _The super-part cells are.also used tq nmake
i ner corhections betaégﬁre P.g.é)ls a schematic xfiustraélon of é%e

combinatorial core cells of Type 1 to 3,

Figure 2.5.F is a schematic for a tile showing
the derivation of the third input from vertically
adjacent cells,

10 Figure 2.5.G is a schematic for a Type 4 core
cell, and

Figure 2.5.1 is a diagrammatic illustration
showing the arrangement of configuring ram bits for
cells in the vicinity of the horizontal and vertical

15 port cell boundary.

Figure la is a diagrammatic illustration of the
present invention. Core cells (CC) comprising a matrix
array of integrated circuits are shown in dotted outline
as a block of cells. There are three blocks in the

20 illustration. Each block represents a zone (Z). Each
zone has associated with it a porting arrangement or
pert cell (PC). There are discrete local signal
connection paths (not illustrated) between inputs and
outputs of the core cells, and their are medium signal

25 connection paths (M) which are connectable with the core

cells in a 2zone and extend between the port cells



gl obal and super-gl obal busses. 20 The hi erarchica

I nterconnect _structure can be further extended to at-least.a
further successive |ayer of routing conveniently referred to as
hyper - gl obal above the super-gl obal interconnect The super - gl obal
I nt er connect Q%Eﬁ only span across super-zones whil st h&ﬁ extra

| ayer woul d wa across at |east sone super-z

partitioned by a porting arrangenent WO 97/ 13324

PCT/ GB96/ 02461 17 14 (hyper-port

ht er connect t FAARGBLEAVE ) cpach zond 8B FBE PRI Rl EBeCRER ©
super - gl obal rgéﬁggggne %oﬂ& onl P& eg#gﬂgﬁ E&Qﬂega@ﬁeﬁb Wthin

the extra | ayer e porting horlz ntal and
verti cal i dids2ehiteds. bdbe tnesses winit hese@suﬁ Ibweeewya@ &Wh i N

the horizontal- and vertical directions, turns between t he hori zont al
and vertical buyssds.ar e Iacaddiroiiat ed:ris)te are glahkl tsigmall bossestia type

X. _These additional busses 10 connect to switches situation at
di screte 5citevatihsi(§) which extend across a plurality of 2zones and

are connectable with the port cells of several zones,
referred to as super-zones (SZ). There may be a number
of global busses.
3 further layer of signal interconnect is
10 provided by super-global bus (SGB) which extends across
the super-zone (SZ) between super-port cells (SPC) by
which signals as the SG bus or busses are routed either
between super-zones or down to the global bus(es) (G).
Figure 1b is a diagrammatic illustration of a
15 further embodiment of the invention and extends ﬁhe
arrangement described in Figure 1la to suit yet larger
arrays. Like reference numerals denote the same
features as described with reference to ' Figure la and
the corresponding description applies and has not been
20 repeated. However, for the larger arrays envisage the
super-zones SZ are themselves grouped into what are
conveniently terms hyper-zones (HyZ), and there are
signal connections paths conveniently referred to as
hyper-global busses (HyG), which extends across the
25 hyper-zones to form a further layer of routing resource.

The hyper-global busses connect with hyper-global port



the array, their purpose being to connect the horizontal and

vertical segnents of these busses together to I npl ement 90[ err]
turns within that |ayer of interconnect, t hese x busses connect to
their level of hierarchy at 15 t he porting arrangenents.

The vari ous wepesssss of the present invention wll POTVGBes/EIeaCT | bed
further hereinafter, by way of exanple only, with reference to the
acconpanyi ng drawi ngs; in whi ch: - 20 Figure la is a
diagrammatic illustration of part 18of a hierarchical routing
structure according to the present invention, _ Fi gure
b is a di agrarmedilisc (HYBE) r Mhigth ofcoprol passagef Qf hitdear kRS r out i ng
structure according to another 25 enbodi_ nment

: Fi gure
2.1.A is an ovéiehieen:chBfat PYPRK-200es r §F down to thﬂ/\olé"l'f"ﬁé?ﬁep
PCT/ GB96/ 02461 structure
enbodyi ng the i %ﬁ?hngn, namely the superFPéﬁP%IZPEﬁ%é%IQ%ﬁgfrates t he

location of super-x it is preferred that each successively higher
5 level of global routing resource will span a greater
number of zones. It is also preferred that each further
successive layer of routing resource comprises a
decreased number of routing 1lines, ie. there are fewer
super—-global busses than global busses, and fewer
10 hyper~global busses than super-global busses, etc.

A preferred array ;tructure is illustrated with
reference to Figure 2.1.2A for the case of a 22.5k cell
array. The array is partitioned hierarchically into
super-zones SZ, 2zones Z and tiles T. Each tile consists

15 of four individual core cells CC, and 25 tiles (or 100
core cells make up a 2zone. Zones are structured into
super-zones, with 9 super-zones plus input/output cells
I0 making up the 22.5 k cell devicé. Each zone
comprises a matrix array of 10 X 10 core cells and each

20 tile consists of a matrix array of 2 x 2 core cells. A
super-zone is made up of a matrix array of 5 x 5 zones.
Each zone is bordered on two of its edges by port cells
PC conveniently referred to as horizontal port cells HPC
along a horizontal edge of the zone and vertical port

25 cells VPC disposed along a vertical edge of the zone.

Super-port cells SPC are associated -with each of the



bus swi t ches,
cel I, 5

Figure 2.2.B is a schematic of a super-port

Figure 2.3. A jllustrates connections for -vertical

port cells,

Figure 2.3.Bis a vertical port cell schematic,

Fi gure 2.3.C illustrates connections for a hori zontal port
cell, 10 Figure 2.3.Dis a horizontal port cel Jﬁ@?ﬁ% ic,
Figure 2.3. BYA%M 8240t cell schematics for the to%‘?ls éﬁ | ef t
and right edges respectively, Figure 2.4. A illustrates

di agrammatically a zone structure,q 15 Figure 2.4.B
illustrates a preferred enbodi nent of local cell to cell signa
connection possgfhdididifes and there ard mdviSontat super-gordiceies the
medi um  bus connections for a Type Atile, Fi gure
2.4.D illustrases and herticadi soperdport 2@11s USPOect iThexref oare #Qpe B
tile, Figure 2.4.E illustrates a preferred arrangenent

of tiles in a zomput/output cells pexy gide 2nd Ahescarnenafatihe §fravcore

cel | structure,
illustration ofiS occup

5

10

15

20

25

the illustrated embodiment the array is comprised of a
matrix array of 3 x 3 super-zones and separated from
each other by respective super-port cells, horizontal
and vertical cells as the case may be.

Various levels of signal routing resources are
provided and for the preferred embodiment three layers
of signal routing resource are employed. The first
layer is conveniently reférred to as zone interconnect
and includes connections within zones using either local
or medium interconnect. Local interconnect (see Figure
2.4.B) is used for fast connections to each cell’s eight
nearest perpendicular neighbours (B, BB, F, FF, U, UU,
L, LL), and medium busses (M1-M6)} run horizontally and
vertically to provide connections to core.cells anywhere
in the zone. There are six medium busses (M1-M6) per
row and column of core cells. Port cells (HPC and VPC)
around each zone are used to connect the medium busses
to the next layer of routing hierarchy - the global
layer described further hereinafter. These port cells
also allow medium bus connections to neighboring zones
(see Figures 2.3.A-2.3.D).

The second layer of routing, referred to as

a4 BYCRPFiPheTaly Dub cornat switéRes balis?0 ATER 1 ©
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16 Figure 2.5.Cis a schematic for the core cell I nput
mul ti pl exer, Figure 2.5.Dis a schematic for the core cel

out put multiplexer, 5 Figure 2.5.Eis a schematic illustration

of the woikigatorial core cells of Type 1 to 3, PCT/GB96/02461 Fi gur e
2.5.Fis a schematic for a tile show ng the derivation of the third

i nput fromvertically adj acent ceI5§ 10 Figure 2.5.G

is a schenatic for a Type 4 core ell, and Fi gure

2.5.1 is ﬁ#%ﬁgéﬂnfﬂfbgcohﬁéﬁﬁtréﬂﬂé¥§ts of g§gﬂ¥1ng t4fa & baggesent of

conflgurlng ra In the vi¢inity of the horizontal and

vertical 15 refdtercld xhOUOOMidctions from zone Te@el emddiunt basses
diagrammatic illustration of the present invention. Core cells (CC)

conprising a natejffeom globadrrand of budses aredmefecvia sthe ecttowells dotted
outline PC. Global busses run vertically and horizontally
5 across the super-zones (see Figure 2.4.A). The x busses
| are used to make turns at the global routing level.
There are three global busses and one x bus for every
row and column of core cells. Switches between
horizontal and vertical x busses (to make 90° turns
10 between horizontal and vertical global busses) are
situated in each of the core cells.

Global busses, as well as connecting to port

cells, also connect to IO cells and super-port cells.
The third routing layer is conveniently referred
15 to as super-global interconnect and it refers to routes
that run across the device between respective super-port
cells or between super-zones and/or I0 cells) and
comprise super-global SG and super-x (ref. SX) busses
with each spanning a super-zone. Connections between
20 the global-and super-global resources are made using the
super-port cells SPC, situated between super-zones (see
Figures 2.2.B). There is one super-global bus SG and
two super-x (SX) busses per row and column of core
cells. The super-port cells are also used to make
25 linear connections between global and super-global

busses (ie. from global to global, or super-global to



as a block of cells. There are three blocks in the 20

Il lustration. Each block represents a zone (7) Each -zone has
associated wth it a porting arrangenent or port cell (PC.
There are discrete local signal connection paths (not

Il lustrated)_be | nputs and out puts of the cor nd
their are néﬁ%ﬁh&%ﬁgnal 25 connection paths (M which aré&?%ﬁﬁg@table
with the core cells in a zone and extend between the port cells
WD 97/ 13324 21 PCT/ GB96/ 02461

17 associ ated wi th each zone and the port cell of the next

adj acent  zone. SUPERTYLORAe DRSEPBIMr connection path is i |l ustrated,
but there will wusually. | s .hs. : L1 her e
are gl obal signal connlesgﬁd?ﬁ\égég' g%%&?% a(ré s\ﬂ%?télﬁie%%ﬂlcﬁg?r%éggggeg
plurality of Z@RgSr8#8fhg clocks2BRACPESEES Ak hbel hgiPOFiowald viaf
several zones, ré%erred to as super-zones (SZ). There may be a
nunber oflegliofttdd hirteesonnect to specifidedf celberin|themrrraly.

signal interconnect is 10 provi ded by super-global bus (SGB) which
ext ends acdy oss aAs far as functional resources are concerned, 1in the

illustrated embodiment, all the core cells can be used
an simple NAND gate (see Figure 2.5.A). In addition,
each core cell also implements a range of secondary
functions. The cells are conveniently referred to as
10 types 1, 2, 3 and 4 (see Figure 2.5.B). Each has the
NAND as its primary function, whilst typés 1, 2 and 3
have X~-OR/MUX as the secondary function and type 4 has
as its secondary function a D-type flip-flop-
abbreviated DFF (ﬁith reset and enable). The clocks and
15 resets are distributed via the dedicated interconnect to
the- DFF cells in the array. In addition, user
configurable IO cells provide connections to/from the
array (via super-global, super-x, global, x and medium
busses). IO cells are also arranged into zones - the IO
20 zones pitch match the array zones, and there are four I0
cells for every 10 core cells. Each 1I0 cell can also
connect to a four bit peripheral bus that runs around
the array. The peripheral bus can be divided into four
sections using switches at the corners of the device.
25 It can be used either as a conventional bus, or as a

wired-OR bus for address de-coding etc.



t he super-zone (SZ) between super-port cells (SPC) by whi ch signal s
as the SG bus or busses are routed either bet ween super-zones or

down to the global bus(es) (Q. Figure Ib is a diagrammatic
illustration of a 15 further enbodinment of the invention and
extends the woora3s28rrangenent described in Figure | a to seci/gasdosar ger
arrays. Like reference nunerals denote the sane features as
described with reference to Figure la and t he correspondi ng
description applies and has not been 20 r epeat ed. However, for the

| arger arrays envi sagerfd&uper-globdPFedct®esSEGaI 8xXt PEOPRIe &hedkopPEd
into what are conveniently terns hyper-zones (HyZ), and there are

si gnal connecti beeepaimeroonnectéohly raipemedobalasbusses Séyavideobal
busses (HyGQ, which extends across the 25 hyper-zones to forma further
| ayer of routingonneetians betweenThaupggraongisobaknBustedfxemndd® Jot h
hyper - gl obal port 97/ 13324 .

PCT/ GB96/ 02461 cells. S“R?é'l‘lxs\égﬁﬁﬁﬁ) Shi AFCoMEes  §essiBRIEReth @95 gnal s

5 turns between super-global busses and are also used to
connect to the IO cells. Super-port cells SPC provide
connections between the super-global and the global
resource layers. There is one super-global bus for
every row/column of core cells. Each super-global bus

10 spans a single super-zone, and can be connected only at
the super-port cells or in the case of super-zones that
are at the edge of the array to/from the IO cells.
Super~-global busses are a fast method of carrying signal
long distances.

15 There are two super-x busses for every row/column
of core cells. Like super-global busses, each super-x
bus spans a single super-zone, and can be connected to
only at the super-port cells, or (for super-zones at the
each of the array) at the I0 cells. In addition, super

20 X-busses connect to switches SXBS situated in the core
cells so that horizontal and vertical super-x busses can
be joined to implement 90° turns. Turn switches are
located in every tile (ie. every 4 core cells). Figure
2.2.A shows the detail of the positioning of the

25 switches within each tile. Super-x busses may also be

used to route signals across super-zones (ie. like



bet ween the hyper-zones or down to the |ower |evel resource - nanely

t he super-gl obal busses (SQ Lt_is preferred that—each-
successively higher 5 | evel of global routing resource wll span a
greater nunber of zones. It is also preferred that each further
successi ve routin resource conprises a sed
nunber of rdh@%ﬁéaﬁlnes I e. ?here are fewer ™ super-gFgﬁgﬁsﬁ%ﬁgses
than gl obal busses, . and fewer 10 hyper - gl obal busses t han

super - gl obal busses, etc. A eferred array structure is

ol 1720 0 Byper-ayae S ERSE) L plf MR, sk A BFErARTERG R 8% o

super - zones SZ, ﬁ@gestlzaramstmbessifpeﬁamﬂaﬂ € LBkt Shedduse o¥f chaur
i ndi vidual core <cells CC, and™25 tiles (or 100 core cells make up

a zone. Zones eftfaSldading ed tné0sw1tches.super-zones W th 9 super-zones

pl us input/output cells IO making up the 22.5 k cell device.

Each zone conprivwe pod nitst sheuld rleg noftet) apond cthe simars-xabﬂseach

20 tile consists of a matrix_array of 2 x 2 core cells.

super-zoné& is nﬁﬂétﬁﬂﬁiﬂ: aF#EFFEYraF @yPafitern of sYREE-x bus stE&Eﬁszone i s

bordered on two, of sﬁﬁéoggrgogegl zur{méianﬁs.PCTﬁggveg eél%g%ﬁ ﬁferred

to as horlzontaf p%?? Ori zo edge e zone

and vertical pogpatere fceﬂnlesfxeg EhSP0sGba?| QRQ 10 ¥Cid iddPe cRdde Of the

zone.
but the super-x bus pattern repeat every 4 core cells.

Secondly, Figure 2.2.A shows the super-x bus switched
10 in core cells 2 and 3. The is logically correct.
However, in order to evenly distribute configuration RAM
bits between the four core cells in a tile, the switches
will physically be placed in core cells 1 and 2.
The device illustration in Figure 2.1.A is
15 partitioned into 9 supér-zones. Between each super-zone
are horizontal and vertical super-port cells - one
super-port cell for every row and column of core cells.
Figure 2.2.B shows the available ‘connections in
schematic form for a sﬁper—port cell. Horizontal and
20 vertical super-port cells have identical functionality.
Each suéer-port cell requires 24 configuration RAM bits.
Each I/0 cell can be connected to/from the super-
giobal bus and Dboth super-x bussges in three
rdws/columns of core cells. Since there are four I/0
25 cells to every 2zone (ie. 10 core cells), 1 in 5

rows/columns can be connected to either one or two I/0



Super-port cells SPC are associated with each of the WO

97/ 13324 PCT/ GB96/ 02461

19 super-zones and there are horizontal super-port cells HSPC
and vertical super-port cells VSPC. There are 60 I nput / out put

cells per sigoonssshe corner of the array

bus corner swt
array is conpri
separated from

signal routing

sed of a mat ri x arrg of 3 x 3 super-zones and

| S occupiped/GBys/esi pher a
ches PBCS. I n 5 the illustrated enbodi nent the

each other by respective super-port cells, horizontal
and vertical cellf@sidifecthas PB¥sASolumns to connect s i st lo‘i\\éek?OOf

resources are 10 provided and for the preferred

enbodi ment thregelpyers of signal routing resource are enployed.
| ayer is conveniently referred to as zone interconnect
and i ncl udes connect i GashnarkaM Z@nesCmehgoePPMErc¢kkﬁﬂ has ten ppPrfedi um

i nterconnect. Local interconnect (see Figu B used.for fast
connections to 8t} |eagheEifle isee Flé%é&regt p%?pendﬁ%%ﬂgﬂrth§ﬁ RBour s

The first

(B, BB, F,_ FF,
horlzontaFIy an
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%ho&éJand belo& LQEnefﬂﬁL'EQH&UQLQU§§F§1é£@-ﬂﬂ¥k 'ddh1s

(since they handle vertical interconnect, and the port
cells to the left and right of each zone are called the
Horizonal Port Cells (since they handle the horizontal
interconnect). Port cells are used for connections
between zonal routing resources (medium busses) and the
global resources (global and ‘x‘’ busses). Port cells
also support connections = between medium busses in
adjacent zones. All 6 medium busses in each row/column
connect to the port cells {Ml..6). Primary clocks_and
resets are distributed via the vertical port cells.
Port cells are symmetrical, and buffering is only used
when changing from one layer of hierarchy to another.
Figure 2.3.A represents the Vertical Port cell
connections, and shows how the zone and global busses
are connected. Connections between zones (ie. medium
bus to medium bus, or ’‘x’ bus to medium bus) are
unbuffered. Port cells are arranged in pairs, aligned
with the core cells tiling. This is to allow port cells
to access medium busses in both columns of the tile.
For example, medium bus M2 of the right hand column in

Figure 2.3.A can be connected to medium, global or ’x’



vertically to provide connections to core cells anywhere in th
zone. There are six nmedium _busses (MI-NM5) per 20 row and—_columm of

core cells. Port cells (HPC and VPC) around each zone are use
connect the nedi um busses to the next layer of routing hierarc
t he gl obal er described further hereinafter. Th

al so all ow m%?ﬂm’h S connections to nei ghboring zones 25%16%2“&
2.3.A-2.3.D). The second layer of routing, referred to
WD 97/ 13324 25 PCT/ GB96/ 02461

20 gl obal |nterconnect consi sts of global G agnd x

referenced x. Comssesi 6fs them iRk hapgd| FRlMin piRdgs tge °r°?%7‘f?rb

gl obal and x busses are

run vertically
2.4.A. The x

iy Haphooh X*'f*‘i"%fb%%t%”éef RS (aer 835 FBHES PR,

usses and one x bus every
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dto
hy -
ells

i gures
as

m
busses
i gure
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adjacent columns are called "M1P" or “M2P" in the
schematic diagrams. Connections to and from the global
routing layers (ie. to and from the global and ‘x’
busses, via the "A3" and "C3" muxes) are buffered in
both direction. The "B" mux in the centre of each port
cell allows two direct, unbuffered connections from M3-
M3 and M4-M4 in adjacent zones. Four primary
clock/reset lines run throﬁgh the vertical port cells (2
clocks and 2 resets). Alternate port cells have either
a primary clock or reset multiplexer - these select the
source for the dedicated clock and reset lines to the D
flip~-flop core cells. A programmable inversion and tie-
off are also provided in the clock/reset multiplexer.
The primary clock/reset can be connected 'into the zone,
from the c¢lk/rst mux, via muxes "C3” and "C2".
Secondary clocks/resets are sourced, via "C3" and the
clk/rst mux, from the global busses. Thirty
configuration RAM bits are required to programme each
vertical port cell. A complete schematic is shown in
Figure 2.3.B.

Horizontal Port Celis provide similar resources

to the vertical port c¢ells, with two d4differences.



10 between horizontal and vertical global busses) are

situated in each of the core cells. G obal busses, as well as
connecting to port cells, also connect to IO cells and super-port
cells. The third routing layer is conveniently referred 15

to as superwglodfpshg i nterconnect and it refers to routes pCT/GBS2#1 I UN
across the device between respective super-port cells or between

super-zones and/or 10O cells) and c ri se super-global SG and
super-x (ref. SX) busses Wi t h each "spanni ng a super-zone.

Connections betppaik1y20 thet hewgi obgly angd-oviRes- Oh Obatodfiiir Cewiger nade
using the super-port cells SPC, situated between super-zones (see

Fi gures 2.2.B).pdthesen M3 and MaperTige obtB" s SEnhathe centre tofoescher - x
(SX) busses per row and colum of core cells. The super-port cells
are al so used thoridantals portineell cakiewsti sWe dbregken unussgredand

super - gl obal busses,(ie. fromglobal to _global, or su er-glgbal to
WO 97/ 13324 connections either from M3-M3 andpM4rMkng/P M4 an

21 SSUperﬁghagﬁliQUS§3§LCent zones, and secondly there is no
clock-reset distribution in the horizontal port cells.
Figure 2.3.c shows horizontal port cell connections, and
Figure 2.3.D is the full schematic.

Twenty eight configuration RAM bits are required

10 to programme each of the horizontal port cells.

Port cells are symmetrical and are designed to
interface to/from zones on either side of the port cell
(top and bottom for vertical ports, or left and right
for horizontal ports).

15 However, around the edges of the array, port
cells only have any array on one side (IO cells are on
the other side). Therefore, cut-down port cells are
used around the edges of the array, to save
configuration RAM bits and to reduce bus loading.

20 There are four different edge port cells, for
each side of the array. Schematics for each edge port
cells are shown in Figures 2.3.E to 2.3.H.

The bottom, left and right edge port cells need
13 configuration RAM bits for programming. The top-edge

25 port cells requires 17 configuration RAM bits (the extra

bits in this cell are needed for clock/reset mux).



In addition, there are special routing resources conpri sing cl ocks

and resets which are distributed via _dedicated i nterconnect_to-
specified cells in the array. 5 As far as functional resources are
concerned, in the illustrated enbodi nent, all the core cells can be
used | e NAND gate (see Figure 2.5.A). In | ol

each core cele‘fbg’l(lgzgki npl ements a range of secondary ﬁﬁéﬁ’?@zﬁgf The
cells are conveniently referred to as 10 types 1, 2, 3 and 4 (see
Figure 2.5.B). Each has the NAND 2 its primary function, whil st
types 1, 2 and 3 have X-OR/ MJUX as the secondary function and type 4
has as its GSepoeekiaps showddi oplways et wade f thpowpghthe

abbreviated DFF (with reset and _enable)._ The cl ocks and 5 resets are
di stributed vi ®e &ea%caw%t%%feeannéﬁ?rt%ﬁampcle' gaﬁea}DF‘? I %H’% in

the array. ﬁltﬂ tﬁgﬁg&hoﬂhx A%;Paﬁ'\d MR/‘i a2§0 nf i(%ﬂr%?éﬁo’ng Qﬁ&l.lfdm i de

connections to/Trom rray a Ssuper- super-x, global, x

and nedium  pe pRAHESESH-andd It DrathedbSfe M @¥d al PEOLZEEES mus he 10O
20 ., zones pitch match the array zones, and there are tour 10O cells

for every510 cqmpanki-shotstpch ForOexamplegadl adlpmld not beopjokmeéd ttw a four
bit peripheral bus that runs around the array. The peripheral bus
can be divi ded @t ¥ipouMux A3. se@heonexcephipntia dids zriehdschaters of

the device. 25 _, It_can be use?) ei,ther _.as a conventi onal QHS or as a
medium busses may e Jjoined using Muxes A2 and C2.

Connections to ‘X’ busses are to be buffered. For
example, M té X via Al1-A2 not allowed, but the preferred
10 route is M to X via Al-A3.

The device in Figure 2.4.A shows a 2zone structure
for the device. The medium, global and ‘x’ busses are
only shown in one row/column in FIgure 2.4.A for
clarity. The super-global and super-x busses are not

15 shown in Figure 2.4.A because they do not connect to the
zone level resources. Local interconnect provides a
connection from the output of each core cell to one

input multiplexer of its eight nearest perpendicular

neighbours. Local interconnect is the fastest
20 connection between core cells. The available
connections are shown in Figure 2.4.B. Local

interconnect does not continue across zone and super-
zone boundaries. The naming convention used in Figure
2.4.B is to name destination core cells relative to the
25 source core cell. For example, core cell UU is two core

cells up from the driving cell, B is one core cell back,



wi red- OR bus for address de-coding etc. WO 97/ 13324

PCH-GB96/ 02461 22 The
super-gl obal resources SG SX provide the top | evel interconnection.
Super - gl obal busses SG provi de connecti ons between super-zones, and
to/fromthe IWwb9masze cells. Super-x busses SX are used to popGessi6!

90[ err] 5 turns between super-global busses and are also used to
connect to the 10 cells. Super-port cellsagSPC provide connecti ons
bet ween the super-global and the gl obal resource layers. There is
one super-gl oband PBsié otwo core celdsyfopward! unm of core cells. Each
super-gl obal bus 10 spans a single super-zone, and can be connected
only at t he supBrepprareelf fegiumnbusges pRY FOWGHERMR 0PE CAxMmt

are at the edge of _the array to/from,the 10 cell Super - gl pba

busses are a faSElhBt hb vfélearr yi’ﬂ‘?&‘“?f“gna?‘“terc"sﬁ“%ﬁng ig st 4neds. forg
[PeLe e, e S4Bkl S CHnbO AL Y ot poglipfesF! | =
super-zones andjegl1bentOreifiétt ! Oand for inter-zone connections via
the horizontal and vertical port cells. Pour of them
can also be connected to global resources via the port
cells. Ml..2 and M5..6 can all be connected to global
or 'X’ busses via the port cells. M3..4 do not connect
10 up to global-layer routing, but are used for inter-zone
connections (using the B/ mux in the port cells). See |
Section 2.3.3 (Port Cells). Inside each zone, the
horizontal and vertical medium busses connect to the
input and output multiplexers of each core cell. Each
15 core cells has two input multiplexers -~ each of which
can connect to three medium busses. The core cell
output multiplexer can drive 6 medium busses. There are
12 medium busses running vertically and horizontally

across each core cell. Therefore, each core cell can

20 only connect to half the total number of medium busses
available. To compensate for this, there is a
hierarchical, repeated pattern of medium Dbus
connections across each zone. M1..4 connections are

arranged in a pattern that repeats every tile (2 x 2
25 core cells) and M5..6 are transposed in adjacent tiles.

Each core cell in a tile has the same M5..6 connections,



only at the super-port cells, or (for super-zones at the each of
the array) at the 10 cells. In addition super 20 X- busses_connect to
switches SXBS situated in the core cells so that horizontal and
vertical super-x busses can be joined to inplenent 90[err] turns.

Turn switch located in every tile (ie. every I'1s).
Fi gure eﬁO@%ﬁ?A shows the detail of the positioning oré{'ﬁggﬁggﬁ
switches within each tile. Super-x busses may al so be used to
route signals across super-zones (ie. |ike® WO 97/ 13324

PCT/ GB96/ 02461 . . 23 supey: gl obal
busses), but tR%F éﬂéaﬁeEF drktes fayg Ma/1g, connectiqny o rteﬁﬁﬁsﬁg' ;rbg

super - gl obal a ext Igaﬂj o] S ches.
Two points sho&f%csi bgp % géa% Ut ?ﬁ ngk b%% _lﬁ Be&ﬁ‘gs '3

Firstly, the p RsOf afd PELcea daissasw.vl t?'ﬂ?ﬁre 2.4.C Srows0BhbNkeAEumACr 0SS
zone boundaries. This is sinply a eature of the fact that zones

are 10 x 10 commscebhaections Jbutatltrilsupeher{ems; j=tarerinpntpand Me/ery 4

core cells. Secondly, Figure 2.2. A shows the super-x bus sw tched
5 is an output. This is called Tile Type A. Figure

2.4.D shows the medium bus connections for the adjacent

tile (M6 inputs and M5 outputs) - called Tile Type B.

Figure 2.4.E shows the arrangement of Tiles A and B

within a zone. Note that the Ml..4 connections are
10 identical in both tile types.

Each I0 cell can be connected to/from two of the
medium busses (M3/4) in three rows/columns of core
cells.

The core cell is the basic functional block in

15 the array. Each core cell can be programmed to
implement either a 2-input NAND gate, or one of
alternative functions. Each core cell has the same
basic structure - shown in Figure 2.5.A.

Each core cell contains:

20 two input multiplexers (7 inputs each (3, medium,
4 local) plus a tie~low function)

input crossover switch, to swap the selected
local interconnect between input muxes

programmable inversion on both inputs

25 primary function NAND gate

alternative function block (provides 1 or more



10 in core cells 2 and 3. The is logically correct.

However, in order to evenly distribute configuration RAM bits

bet ween the four core cells in atile, the switches wi |l physically
be placed in core cells 1 and 2. The device illustration

in Figure <wobiAssass 15 partitioned into 9 super-zoneycr/dneészen each
super - zone are horizontal and vertical super-port cells - one
super-port cell for every row and colum gf, core cells.

Figure 2.2.B shows the available connections in schematic form

for a super-popaafelénal fiAEiBAsdl e@nNdux2Gr DFPGriical super-port cells
have identical functionality. Each super-port cell requires 24

configuration RAM bit smedium bus outputtastulitiQlerer céromeakmndet éd
to/fromthe super- gl obal bus and bot h super - X busses in
t hree r omedih pussesf) core cells. Since there are four I/O 25

cells to every zone gie. i%o core cells), 1 inb5
rows/ col utms can be cofif SWiEEPei t her one or two 1/ 0 WO

97/ 13324 _ . R 246dna 2 onl
24 Scel I's (all ot Her rXO\’\’rsu,1 cgrﬁir:r%% cc?rceor?%/%tG@?géjgugt one IoanY)

Core cells are arranged in 2 x 2 tiles - each
tile supports all the available alternative functions.
Three cells in each tile have combinatorial functions
(ie. NAND + XOR and MUX) and the fourth cell in each
10 tile supports a D-type flip-flop (ie. NAND + DFF). The
reset and clock for the DFF cell (type 4) are provided
via dedicated interconnect from the vertical port cells.
Each DFF can have its reset tied inactive it required—
the reset enable is 1located in the Type 3 cell to
15 provide an even distribution of RAM bits between the 4
core cells. Core cells also contain the SX and X bus
switches. Figure 2.5.B shows the arrangement of cells
within each tile.
Each core cell has two input multiplexers (A, B)
20 - each mux can input from 3 medium busses and 4 local
connections. The local interconnect can be swapped
between the A and B muxes using a crossover switch. See
Figure 2.5.C. .
There is a pull-down function on both the A and
25 B input muxes. When either or both of the A and B input

muxes are unused (ie. no inputs selected), their



cell). Each array zone (10 x 10 core cells) has ten port
cells on each side (see Fiqure 2.1 A) The port cells 5 _ahove and
bel ow a zone are call the Vertical Port Cells (since they handl e
vertical interconnect, and the port cells to the left and right of

each zone are_called the Hori zonal Port Cells (Sinﬁﬁﬁggﬁyﬁaﬁ?dle
the horizont VO93324 i hterconnect).  Port cells are S

connections 10 bet ween zonal routing resources (nedium busses) and the
gl obal resources (global and 'x' busses)31 Port cells al so

support connections between rredi"um bHsses in, arad] acentlﬁes.
Al 6 nedi um busespPeckivgcPubRits dI"3nRUT"  and(Qm fERAOUTS )t hATHPY I's

(ML..6). Primary clocks a 1 resets are | stri but | he
vertical port ceid¥%. e p‘?fl]Por‘f"wcneldleglg?ﬁ s?/'r:ﬁrerf% cﬁh?ggnglqbﬂ%/ erelstng i s
only used h ' fromone layer of hierarchy to another.
Figure 2.3. A repzr’gye&ﬁ?ggt ﬁg i}r&ti cal Port cell connections, and
shows how the zone andpgeobshtutssemltiplexedl Ecomeytiect edach ¢E@lMract i ons
bet ween zones (ie. nmedium bus to nedium bus, or 'x' bus to medi um
bus) are s outpdf f pedup Pt €cemediumr ebussemga® iverpacet and ijned
wth the core cells tiling. This is to allow port cells [ 0 access
nmedi um busses i rh%ﬂ?“@éﬂ-gnnsl%fa tgRFe cedl igonot reguized.bpe AREYR B bus

Ve of the rlgrﬂmeéyﬂ;db%gtuggkﬁrkhe output mux of that cell may be used

to connect medium busses together. The core cell
output mux may also be used to supply the ‘select’ input

10 for the 2-to-1 MUX function in vertically adjacent core
cells.

It will be apparenf from the above that the core
cell provides the basic functional block in the array
and that each core cell can be programmed to implement

15 either a 2-input NAND gate, or one of a range of
alternative functions. Each core cell has the same
basic structure as shown and described with reference to
Figure 2.5.A. Reference is also directed to Figures
2.5.B, 2.5.C and 2.5.D. Core cell Types 1 to 3 all have

20 identical functional resources. They differ only in the
location fo the super x bus switches and rest enable
logic. Figure 2.5.E shows the schematic for the Type'l
to 3 core cells - but exclusively the input multiplexer
and medium bus output multiplexer. Programmable

25 inversion is provided at both the A and B inputs by 2

RAM bits. Two further ram bits determine the core cell



Figure 2.3. A can be connected to nedium global or 'x' WO

97/ 13324

25 busses of the left hand col um using the crossover

connection at the bottomof the port cell pair (ie. by using the
centre "A2" wosysyanection in the left hand port rAVEBIE2461 gur e
2.3.A). The nedium busses fromthe 5 adj acent colums are called
"MLP" or "MP' in the schemati c g%agrans. Connections to and
fromthe gl obal routing | ayers (ie. to and fromthe global and 'Xx'
busses, via thanctfén. ak "iGlustrieson aEowtdd erddraninput tdaire
direction. The "B" nux in the centre of each port 10 cell allows two
di rect, unbuffereteccabctatorind r amiVBs the selddt ldme fbk- tHe 2+to-gidj acent
zones. Four primary clock/reset lines run through the vertical
port cells (2 mux. &fobks sgurqsdrégems)theuveyﬁﬂga;yworadaeceetrﬁnng<a t her
a primary clock or _reset nultiplexer - these select t he source for

PCT/ GB96/ 02461

the dedicated clC8# #Rd tR&LIYS ndde- Ghenhcoye cell aﬁ"i"ﬁ FPBpTﬁB?% tells.

A progra

cl ock/ rese
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Figure 2.5.F. Figure 1.5.D shows how the select line is
generated from the medium bus ocutput multiplexer. This
arrangement means that there are two ways of routing a
select line to the 2-to-2 mux function.

The first is direct from horizontal/vertical
medium buses. The wmedium bus output mux 102 of the
vertically adjacent core Céll in the tile is used as an
input multiplexer. The mux select can be sourced from
one of the six medium buses that are connected to the
output mux. The core cell is still available as a
function or routing resource, with the 1limitation that
its output mux is no longer available - ie. the output
must go onto local interconnect only.

Secondly, from local/medium interconnect via a
routing cell. If the vertically adjacent core cell is
used as a routing cell, then the mux select line can
also be sourced from any of the signals available at the
core cell A and B input multiplexers. The core cell is
no longer able to function as a function or routing
resource.

Without the additional direct interconnection to



The primary clock/reset can be connected into the zone, from the

clk/rst pux via_ _mixes "CR" _and "Co 20 Secondary

clocks/resets are sourced, via "C3" and the clk/irst mux, from

t he gl obal busses. Thirty configuration RAM bits are

required to J each vertical port cell. Ac

schemati c isakg @%%g?n Figure 2.3.B. 25 Horlzonté'rl Por t
Cells provide simlar resources to the vertical port cells, with two
di f f er ences. WO 97/ 13324 33

PCT/ GB96/ 02461 2 A th
"B" mux provitds ™ PBLeFhefTW, FRf output be’?‘%eé’ﬁ I@ngln;gi%i'nyhe ©
"B" mux in the e e : hqr | | s sall

direct, unbuff earde:%%% cgi%o%ﬁ%‘c%%‘ns?fei tgh*ér:n%I ?olmr%% I\%ﬂégﬁ%hl\/ﬁ%émor

MB-Mt and 5 p W8, achieved] el mahfBeSwhidvowlRE @ldlow theeeells no
cl ock-reset distribution in the horizontal port cells. Figure 2.3.c

shows hori zont afrqeomhichl the othniand iioypmt dadderived o guree ude8. DIPE ahe ful |
schemati c. . Tmentz ei ght configuration.RAN&pit%.gre required

5 totally different function or as a routing function.

Thus, the secondary core cell function of at

least some of the cells in a tile can have functions

with greater than two inputs, and more specifically,

three inputs. More particulary, the three input

10 function is ‘’‘a multiplexer’ and the third input is the

select line for the multiplexer. The <third input is

driven by a resource ffom'an adjacent cell. The source

of the third input is the medium bus output multipléxer,

and conveniently from an ﬁdjacent cell. This resource

15 can be isolated from the output of the adjacent core

cells primary function. The adjacent core cells primary
function is thus driven out via local interconnect.

Referring now to Figure 2.5.G, here there is

illustrated the schematic for a Type 4 cell which

20 provides the D-type £lip-flop function. The DFF is

configurable with an asynchronous reset if required, and

the clock is sourced form the primary or sécondary

cldcks via the vertical port cells. The schematic

excludes the schematic for the input multiplexer and

25 medium bus output multiplexer. Programmable inversion

is provided on both the A and B inputs. The D-input to



-

10 to programme each of the horizontal port cells. Por t
cells are symmetrical and are designed to I nterface to/from zones on
either side of the port cell (top and bottom for vertical ports, or

| eft and right’ for horizontal ports). 15 However, around
the edges oWwod/Asgarray, port cells only have any pfiiGideasrOone
side (IOcells are on the other side). Therefore, cut-down port
cells are used around t he edge§ the array, to save
configuration RAM bits and to reduce bus | 3di 20 There are

four different ydggr PLk acehﬁﬁ’céﬂ Jn front Sﬁcf'ts' O Ghel BRLEM{&Y-

Schematics for each edge port | s are shown in Figures 2.3.E to
2.3. H. configukiead Rt hoSimbrd t Dﬂnithbghttﬁdgﬁbﬁnﬂﬂ‘ G @afiebéd

13 configuration RAM bits for programr ng. The top-edge 25 port cells
requi res 17 confugpsd atéison aRARWhHECE (the selecsd whether bithe iDrinput tel | are
needed for cl ock/reset nux). WO 97/13324

PCT/ GB96/ 02461 Sourced from either the a or Bo7core cell input

Connectlong shouy && ﬁ%a %rge ??g? tﬁg{%éﬂ1€he programmable inversion on
the select input, in conjunction with the pull down).

As mentioned above, for implementation reasons,
port cells have to pitch-match to the array of core
cells. That is to say, the vertical port cells have to

10 have the same number of programming bits as the core
cells. For the described architecture , each core cell
requires 26 configuration RAM bits - these are
physically arranged in 2 rows of 13, with the cells
logic in between. This core cell layout restricts the

15 dimensions of the port cells. Vertical port cells must
use multiples of 13 bits to match to core cells.
Twenty-six RAM bits in 2 rows of 13 is a practical
maximum when taking die size into account. Horizontal
port cells have to pitch match to the number of rows of

20 RAM in a core cell (ie. 2 1rows), and there is no
theoretical limit on the number of bits in a row.
However, the width (ie. bits/row) of the horizontal port
cell has to be 1limited to minimise the total width of
the die. For the proposed architecture, 2 rows of 12

25 bits gives a reasonable width. This is 4illustrated in

Figure 2.3.I.



port cell multiplexers (for exanple, global to nedium bus t hrough

Mux A3 and Mux A2). Connections_should not be made in and-out. of
the sane side of a port cell nux 5 ("bank-shots"). For exanple, Gl
shoul d not be joined to & via Mx A3. The exception to this
rule is that medi um busses may be joi ned usi ng Muxes A2 aa&wgz
Connect i ons WO 943328, sses are to be buffered. For ed o X
via Al-A2 not allowed, but the preferred 10 route is Mto X via Al-AS.
The device in Figure 2.4. A shows a zone st3sucture for the device.
The medium global and 'x' busses are only shown in one row col um

in Flgure 2.4.A for Eight clfrithe RMe Rigsr- gfobhhe eORP RIS R¥epusses

are not 15 shown |n ure 2.4. A because theg go not c nnect tﬁ t he
zone | evel resoﬁ?E@EQ 4 q_ ted, £o, enpRks 1OSAt o b 8§°%Pne° ions wifkhection

from the outputepl eaeh (0" e cight ‘Safilsr perpenhiBiiaftlidiites0l |1

ei ght nearest p t erconnect
is the faStesﬁowé5Er %ﬁﬁﬂﬁpttgaal tEﬁﬁﬁ%ﬂBnne%Qrels Cifot Scontinuoule

avai |l abl e connections are shown in Figure 2.4.B. Local
i nterconngct dogeroed Carienueandr ossugane 2wtesupeundaries izonéhis
boundaries. The nam ng convention used in Figure 2.4.Bis to nane

desti nati on corembedimenty &vaec?blﬁhQIOQHﬁ theouedgecope zanes haye

| r |
exanhpl e, core ngtthjlf tmo CO redundant RAM bits which are normally

used for local interconnect inputs. Core cells in the
corner of a 2zone have 4 redundant bits, since both
10 vertical and horizontal local interconnect is
redundant /removed. Other edge cells only lose 2 bits.
These redundant bits are borrowed by the port cells to
increase the RAM bits available to each port cell.
This is illustrated diagrammatically on Figure 2.3.I.
i5 It will be understood that the position of the re-
arranged redundant bits in Figure 2.3.I is for
illustration only as <these may not be the actual
positions of the bit locations borrowed ' in the final
implementation. However, it will be understood that the
20 borrowed bits physically remain in the core cell and
their output is routed to the port cell. The
utilisation of the RAm bits in this way allows the port
cells to have greater functionality and/or connectivity,
thereby increasing the effectiveness of the array. Thus
25 programning bits that are physically placed in'one cell

but are unused by that cell can be used in an adjacent



cells up fromthe driving cell, B is one core cell back, WO

97/ 13324 . PCT/ GB96/ 02461

28 and FP is two core cells forward. There are 6
medi um busses per row columm of core cells (M..6). Medi um

i nterconnect wop%713spsed for connections wthin a zoperkhéesie not
possi bl e using 5 | ocal interconnect, and for inter-zone connections
vi a t he horizontal and vertical t cells. Four of them

can al so be connected to gl obal resources Via the port cells. M..2
and Mb..6 can be c@eehed | pad v he port
cells. NB .4 doe%%% connec?ﬁl%O EPoﬁp toh gFoPg§2%i?03??ﬁ§r Bgfgare
used for inter-apaeborrowed @annseuvmse(cuﬁm@drl&a tB' fihotich Hokapoyt
cells). See Section 2.3.3 (Port Cells). I nside each zone, the
hori zontal and ¥mdepenrdentddi-um busses connect to the i nput and

out put multiplexers of each core cell. Each 15 core cells has two

input rmultiplexers - each of which can connect to three nedium
busses. The core cell out put multiplexer can drive 6 medi um busses.

There are



12 medi um busses running vertically and horizontally

across each

core cell. Therefore, each core cell can 20 only connect _to half
the total nunber of medi um busses avai |l abl e. To conpensate for
this, there is a hi er ar chi cal , r epeat ed pattern '

medi um  bus connections across each zone. ons
are QW?QWBﬁﬁ In a pattern that repeats every t|Ie %§n§5§3ﬁ§%i

core cells) and Mb..6 are transposed in adjacent tiles. Each core
cell inatile has the sane NB..G,connectB ns,

PCT/ GB96/ 02461 ent
tiles have Mo/ M6 connections reversecblfuﬁs ”"m“m ( m

i nputs, M outputs beconme M puts, and vi c¢e vers

2.4.C shows the nedium bus connectlons ina tile, where M |s an
| nput and Mo 5 is an output. This is called Tile Type A

Figure 2.4.D éhowemuheondmhtmmtnnntagnaEedloqﬁrduit-tmblgbya%%nt

tile (Mo inputs and M outputs) - called Tile Typ
2.4.E shows them%ﬁq.arﬂgwsﬂﬁeﬁf arj axea Ahareof forme %‘thm%péufaﬁét

t hat

t he

10

15

20

25

Nﬂ..

q?Ctlggéhargéll having a plurality of resources

which comprise storage/programming resources and
functional resources, the function resources comprising
at least one of routing resources and logic function
resources according to the cell type, as ﬁade each cell
has a finite number of resources in it, and wherein the

improvement comprises augmenting the resources available

" to a cell by utilising resources from at least one other

cell without preventing the donor cell from functioning
independently.

2. A semi-conductor integrated circuit as claimed
in claim 1 in which the augmented resources is a routing
resource.

3. A semi-conductor integrated circui£ as claimed in
claim 2 in which the routing resource provides a further
input to the cell.

4. A semi-conductor integrated circuit as claimed in
claim 1, 2 or 3 in which the cell whose resources are
augmented is a cell with logic circuit capability.

5. A semi-conductor integrated circuit as claimed in
claim 4 in which there are a plurality of logic circuit

cells which are arranged in tiles and wherein the cells

ure
Not e



10 Identical in both tile types. Each
connected to/fromtwo of the medi um busses ( M3/ 4”“"'”"

TR

rows/ col ums of core cells. The coré ceéllti ' thte Basic
functional block in 15 the array. Each core cell <can be
programed tww09m13324 inplenent either a 2-input NAND PCEMGE96/02451 oOne
of alternative functions. Each <core cell has the sane

basic structure - shown in Figure 2.5 A ,g Each core cel
contains: 20 two input nultiplexers (7 inputs each (3, nedium

4 1ocal) plus ao%'@aéﬁwvﬁii@Phbqa)at least one simplBUlogi®sEionnihch, to
swap the sel ected | ocal interconnect between input nuxes

progr ammabl e i ngengonnamh dtollleasbpone s&fondary functpenpeand fimaethieh NAND
gate alternative function block (provides 1 or no

WO 97/ 13324 there are a number of different sepgppegg6f“ngﬁﬁpn;3and
30 each tile has at least one of each different secondary
5 function.
6. A semi-conductor integrated circuit as claimed in
claim 5 in which the common 1logic function is a two
input NAND function.
7. A semi-conductor integrated circuit as claimed in -

10 claim 5 or 6 in which the secondary function is a
function with greater than two inputs.

8. A semi-conductor integrated circuit as claimed in
claim 7 in which <the secondary function has three
inputs.

15 9. A semi-conductor integrated circuit as claimed in
claim 7 or 8 in which the secondary function is a two to
one multiplexer.

10. A semi-conductor integrated circuit as claimed
in any one of claims 2 to 9 in which the cell providing

20 the augmented resource can still carry out totally
independent functions.

11. A seni-conductor integrated circuit as claimed in
any one of claims 5 to 10 in which the routing resource
comprises a signal path extending between two cells in

25 the same tile and column from a medium bus cutput

multiplexer of one cell to one of three input gates of



addi tional functions, eg. Mix or DFF) medi um bus out put

g R Bus W To (core ol T types 1 and 2 Lllllll\llll\ﬂﬂWﬁllfmC“

Core cells are arranged in 2 x 2 tiles - each : tile*supports® all the
avail abl e alternative functions. Three cells in each

conbi nat ori alV® ¥ ons (ie. NAND + XOR and MUX) and"ﬁé&‘@gﬁﬁ?h cel |
in each 10 tile supports a Dtype flip-flop (ie. NAND + DFF). The
reset and clock for the DFF cell (type 4) 3 e provided vi a dedi cat ed

i nterconnect fromthe vertical port cells. Each DFF can have its
reset tied inactwgeainpudqonisiplexer of tthe other efdbte is located in the

Type 3 cell t d distributi f.RAM hit
theca " "cafe colf SenicEed u%%%‘snﬁs#a AP R Rt aed B

swi tches. Figur . B shqws arr I'ls ijighi § each
tile. Slgh? 5 cﬁ%coyéggkél | has t n%ut arrul f?% uel;é:eers (l'A B) 20

- each mux can ppedge /ordgrammifgi HésoHMsses and 4 |oca

connecti ons. The ?ocal I nt erconnect can be swapped bet ween t he

A and B msxes usng a XmsesdecendesetorhintSsprated circiiguas A adimed in
There is a pull-down function on both the A and
claim 12 in which a programming bit unused by one cell
is used by an adjacent cell.
14. A semi~conductor integrated circuit as claimed in
claim 12 or 13 in which the majority of cells comprise
10 logic cells disposed in a matrix array and divided into
a plurality of zones with each =zone being bounded by
port cells which provided " routing functions to connect
the logic cells with medium or global signal path using
their programming Dbits, the logic cells having
i5 programming bits to selectably control connection with
a restricted number of other cells via direct (local)
connection paths and wherein the port cell receives the
augmented resource from a logic cell.
15. A semi-conductor integrated circuit as claimed in
20 claim 14 in which the port cell receives two programming
bits from the adjacent core logic cell.
16. A semi-conductor integrated circuit as claimed in
claim 14 in which there are horizontal and vertical port
cells and a logic cell in a corner of the zone which is

25 adjacent to both the horizontal and vertical port cells

donates four programming bits, two to each of the



25 B i nput muxes. When either or both of the A and B in

g\;;(iggzire unused (ie. no inputs sel eCted)pcwE;B,S'G/r02461ﬂm“c||||||lmjﬂ||ls|m!|‘

31 respective outputs ("A QUT" and/or "B/ QUT") are pulled

| ow. The pulvwo otysats devi ces are not shown in Figures PCT/GBY67202461f Or
clarity. The output nmnultiplexer connects each cell's

5 output to up to 6 medium busses 3 vertical and 3

hori zontal). |If a core cell is not requir% to drive a medi um bus,

then the outputag5§cg#ﬁtﬂggiégﬂgl Fﬁﬁ BertsEsh port cdlds.connect medi um
e

busses together. core ce output nmux may al so be used to

supply the 'sel az.' i nputserdi-condukctbrt henfedatiedéiridniti owhich, as
vertically adjacent core cells. It will be apparent

fromthe above tmade,t bompoises an aregethepeof | ftymeadhavifthsacpiwrrkithal
block in the arra and that each core cell can be programmed to

i npl ement 15 °fyéPB|i1€r°§r°‘2"="r§155{d ARERDING AR o Matdiix GrxaYoof £ellfge of
alternati vse f U%CZ;LtVIl 83 into Eaftpnesc,ort?xergeyeiggasa tp eursaq,rﬁy of zones in
the array and a zone porting arrangement for each zone,
and further comprising an hierarchical routing structure
disposed in successive layers and wherein the successive
layers of routing resource comprises:-

10 zone interconnect comprising local direct
connection paths connecting at least some of the cells
with some other cells, and medium connection paths
extending from the 2zone porting arrangement and
selectably connectable with at least some of the cells

15 in a zone; and

global connection paths having selectable
connections with the 2zone porting arrangement of each
zone; and further comprising

one or more further successive levels of routing

20 resource having a respective porting arrangement to
connect that 1level of routing resource with the
preceding level of routing resource.

18. A seni-conductor integrated circuit as claimed in
claim 17 in which each successive level of routing

25 resource spans a greater number of zones.

.19. A semi-conductor integrated circuit as claimed



basi ¢ structure
2.5. A Ref er

as shown and described with reference to gure

2.5.D. Core cel

resources. They differ only in the

swi t ches and re
for the Type
mul ti pl exer

Programmbl e 25 i nversion is_provideddkat both the A and B inputs
2 RAM bi t s. Two further rambits determne the core, cel
WD 97/ 13324 in claim 17 or 18 in which each furphercgycressive level

32 functi
cell at 100 and®

ence is also directed to Figures ﬁlﬂlﬁ"“ﬂlﬂ”ﬂlﬁ”“l
| Types 1 to 3 all have 20 i denti cal

| ocation fo the super X bds *

37 3g£14abl logic. Figure 2.5.E shomg&pﬁgﬁﬁti&gat I C

to 3 core cells - but exclusively th
and nedium bus output mul ti pl exer.

by

core

h hird
| ?sg}ﬂgagelxé%'fsé“h%ralé'%g&%r%\s ?“érols:‘?s a"8 Er%%ié&erfumbs? sour ced

fromthe vertic I re cell inthe tile (ie. the core
cel |" above for %pggagiﬁieigné%%j 4, and the core cell for Types 1 and
2) - see 2001 QUT & Lemi foorfdudito? inbedtSt\iRewithgs selLfied iike i S
generated fromthe nmedi um bus output nultiplexer. This ar r angenent
means t hatst her elaim 1Wp Wo8/ 0wflyr dnt which there are a matrix array of
zones.
21. A semi-conductor integrated circuit as claimed in

10

15

20

25

any one of claims 17 to 20 in which for an arrangement
where the cells are disposed in rows and columns, the
zone porting arrangement comprises horizontal and
vertical port cells which extend in the horizontal and
vertical directions respectively.

22, A semi-conductor integrated circuit as claimed in
claim 21 in which each level of routing resource has one
or more porting arrangements and each porting
arrangement has access to a plurality of the port cells
of the preceding level via the signal connection paths
for that level of routing resource.

23, A semi-conductor integrated circuit as claimed
in any one of claims 17 to 22 in which there are a
plurality of signal connection paths to each of the
further successive levels of routing resource.

24. A semi-conductor integrated circuit as claimed in
claim 23 when appendant to claim 22 in which there are a
plurality of signal connection paths which extend in the

horizontal direction and a plurality of signal



select line to the 2-to-2 nmux function 10 The first is
direct from horizontal/vertical medi um buses. The nmedium bus

out put nux 102 of the verti cal ‘wm“mtmumullcel | inthe tileis
used as an i nput mul tipl exer. elc@lican be sourced from
one of the siwomweussasn buses that are cdnnécted to’the 15 pcorpp2461UX.

The <core cell is still available as a function or routing
resource, with the limtation that Q'ts output nux is no |onger
avai l able - ie. the output © nmust go onto | ocal interconnect only.

Secondly, from ggﬁﬁééﬂﬂﬂ géﬁ;ﬂ%;ﬁ:ﬁ‘i?@”@ﬁd& A ¢ Overtig}! 6‘:9:&(:%:]'@ | f

the vertically adjacent c as a routing . "t hen
the mux sel ect bghe ca® semi-condug@obeinesdrdied cifcaiy 86 ¢lwimdndl s

avai l abl e at the core cell A and B input nmultiplexers. The core cel
S no | opdeima®4 ein ovifiwict therasare f Ln@livaldtyr oof | i RMmtal
resource. Wthout the additional direct interconnection to

WO 97/ 13324 and vertical signal connection pailrsy £pys/ eaclsrow and

33 5 column of cells.

26. A semi-conductor integrated circuit as claimed in
claim 25 in which for each cell there is at least one
horizontal and vertical signal connection path which is
connectable.

10 27. A semi-conductor integrated circuit as claimed in
any one of claims 17 to 26 in which there are a
plurality of matrix arriys of zones, each defining a
super-zone, each 2zone having a plurality of global
connection paths communicating with the zone porting

15 arrangements for each zone and extending across the
super-zone between the porting arrangements for a first
level of routing resource, hereinafter referred to as
the super-global 1level, said first 1level of routing
resource being selectably connectable with the porting

20 arrangement fo: a plurality of super-zones.

28. A semi~-conductor integrated circuit as claimed in
claim 27 in which the cells arelgrouped in tiles with
each tile comprising a two by two matrix array of cells
and each zone comprises a matrix array of tiles.

25 29, A semi-conductor integrated circuit as claimed in

claim 27 or 28 in which the super-port cell for each



the nmux select fromthe output nux of a vertically adj acent cel |
creation of a three input function could . not be. achi eved_in a. manner

whi ch woul d al |l ow the cell f i "mm!rgdinput is derived to
be used for a 5 totally differemm I": u1 " a routing function.

Thus, the core cell fanction of & * I t of
the cells |rs1‘%8§g’g% can have functions W th grea?ﬁmﬁé&f'\m

i nputs, and nore specifically, three inputs. More particul ary,
t he three input 10 function is 'a4dultiplexer' and the third input
is the select line for the nultiplexer. The third input is

driven by a ressuper-zoranRrevidescenleckahle Trenpegkiens between the t hjrd
input is the nmedium bus out put nultipl exer . and_conyeniently from an
adj acent cel | . ‘T’HPgr'F%i%tﬁﬁL&ce °°I‘§e°£_1€%§1 lfc?ﬁngéf‘gt 863??%?39@"?“0&%% of
the adjacent CQLe grom  suiflr-§18bhi™" YedudCtibfs Theoadi@fenigichag cells
prinary unction is thu riven out via local Interconnect.
Referring now t gofth8¢t fors Xdz thateshper-zdne. illustrated the
schematic for a Type 4 cell which 20 provides the D-type flip-flop
function. 5 Theo.DFF &s semi-conduatoyurizitiegrateld eirositctonstoustedset if
required, and the clock is sourced formthe primary or secondary
clocks via thandyep¥ranged psubstantially TRs sbpeginbefore desgribeddes t he

schematic for tgfth nPeu exgéjrlaée' l%loe)a(uenri gg dillustrated in the accompanying

drawings of Figures 1la or 1b or 2.5.G or 2.5.I, or any
one or more of these or the other drawings in

10 combination.



25 medi um bus out put mul tipl exer. Programmabl e i nversi on S

- provided on both the A and B inputs __The D input to — WO
97/ 13324 PCT/ GB96/ 02461
34 the DFF has a mux cell in front of it. If the cell is
configured as_a sinple DFF then the 2-to-1 nux can be used as a
switch to seM ther the D-input is sourced frdfTERPAES! ¢ he
A or B core cell input 5 mul typhexers (ie. using the
programmabl e i nversi on on the sel'ect input, in conjunction with the
pul | down). As nentioned above, for inplenentation reasons,
port cells have to pitch-match to the array of core cells. That is
to say, the vertical port cells have to 10 have the sane nunber of
programm ng bits as the core cells. For the described architecture ,
each core cell requires 26 configuration SPBAM bits - these

are physically argeRged in 2 ro Gof 13, with cells | ogi c
in between. This core_EgaLanunu_5E¢f icts the 154 .44dinmensions of the

port cells. Vertical pott | cells nust (G) use mul { es of 13 bits to
match to core cells. §

v}

=
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e
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Twenty-six RAM bits in 2 rows of 13 is a practi cal maxi mum when

taking die size into account. Horizaontal part cells have_to pitch
match to the nunber of rows of 20 RAM in a core cell (ie. 2
rows), and there is no theoretical Iimt on the nunber of bits in a
r OW. wever. the width (ie. bits/row) of the horizo t

cell has to b q’l”ﬁ‘“’?@d to mnimse the total width of 9&%@%’3‘.‘ For
the proposed architecture, 2 rows of 14225 bits gives a reasonable
width. This is illustrated in . Figure 2.3.1. WO

97/ 13324 PCT/ GB96/ 02461

35 Ei ght of the RAM bits of the core cells are

normal Iy allocated to enable |ocal interconnections with the cells

ei ght nearest perpendicular n bghbours. pPC {v) However, since |oca
I nterconnect is n ' - and super zone

boundaries 1in t et ound edge of zones
have ei t hef P I ¢fniidn e nor y _PC used
for local intercofdnbldjibou 4|1 dord b
101 / :
/ CC
| pIrrn - [ VPC
HSPCH] N
vspeHERED T
el e ' _—SPC (H)
52
; / ~—10
7 : PBCS

mli 1[3/
FIG.2.1A
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prenen, (reman o - o——— -
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corner of a zone have 4 redundant bits, since both 10 verti cal and

horizontal |ocal | nt er connect is redundant/renoved. _Qt her
edge cells only lose 2 bits. These redundant bits are borrowed by
the port cells to i ncrease the RAM bits available to each port cell
This is illustr i#@iagrannatically on Figure 2.3.1. 15 It wll be
under st ood t\sfg?t”? position of the re- arranged PCIGRAMMA hits
in Figure 2.3.1 is for il1lu tion only as these nay not be
t he act ual positions of the bit |ocations borrowed in the final
I mpl enentation. However, it will be understood that the 20 bor r oned
bits physically remain in the core cell and their output 1is
rout ed to the port cell. = The utilisation of the RAmbits in
this way all ows the port cells to have greater functionality and/or
connectivity, t hereby increasing the effectiveness of the array.
Thus 25 O o i E I PR R Fpstetan s 0 one cel
but are unused g ] = H d ] Core WD 97/ 13324
[LIC 10T ul w } = .  H
4 - . nm's . Y bt kel bterked;
L ] J .
=t A - Port
n sy 1 1 3 o
s = : cell;ul:’,(e:r-
It H H =) 4~X buges
e E SX
t - = _ﬂ +t Tilel2x2
| R A core cells) T
3, imey magumN) :
1 q :} 1 1
d == - ke * = hofnd
H i aEVRES)SRANEEAIsMARERS Vas SxBS
L o _ = oyt /3
It e -+t - g Tt Zone
11 )| = = ) wul - : gl 4 s
It il -=l '}r 1{ 5 |r’- (10x10core
T celis) Z
g 1 313 11 3 11/ 1l IN1
+  ehirh RIS > EHEE
T i 1 7 : HL[ | n‘ /SX‘H)

SX SX
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cell. The cell fromwhich the programmng bit or bits are borrowed
can-still be configured to function totally _independently.

WD 97/ 13324 PCT/ GB96/ 02461

37 CLAI M5 1. A sem - conduct or

i ntegrated cj | whi ch, as made, conprises an ar of
forngd W th ahgﬁﬁbgpfty of cells, each ggll havi ng a I%ﬂﬁ&ﬁ?@’of
resour ces 5 whi ch conpri se st or&#@/ pr ogr anmi ng  resour ces and
functional resources, the function resources conprising at | east one
of routing resources and |ogic function resources according to the
cell type, as nmade each cell has a finite nunber of resources init,
and wherein the 10 | mprovenent conprises augnmenting the resources

avai |l abl e to a cell by utilising resources fromat |east one other
cell without preventing the donor cell fromfunctioning

i ndependent | y. 2. A sem -conductor integrated circuit as

cl ai ned

CkaRSJngS Medium Out

Medium
in l Prog. Inversion To mux
A - lect {in
"~ verticoll
l|': < . adiacer)a’t
Local cell)
X Crossover out
Local!
g, HEl-
M . -]
I ediu ‘ Mux
n select (from |
vertically

FIG.2.5.A, odeenta

Core cell structure

SUBSTITUTE SHEET (RULE 26)



15 in claiml in which the augnented resources is a routing

. resource. 3. A sem -conductor int pnr;qj_e_d_u_r_cwt as -clatnred in
clarm2 in which the routing resource provi des a further i nput to
the cell. 20 4. A sem -conductor integrated circuit as clained in
claiml1, 2 or 3 in which the cell whose resources are cRNBPERLGd 1S a
cell with | ogV@%M3¥4it capability. A semi - conguct or
integrated circuit as clainmed in 541& m4 in which there are a
plurality of logic circuit 25 cells which are arranged in tiles and
wherein the cells WD 97/ 13324
PCT/ GB96/ 02461 38 of each tile
have at | east one sinple logic function in common and at | east one
secondary function, and in which there are a nunber of different
secondary functions and each tile has at |east one of each different
secondary 5 function. 6. A sem -conductor integrated circuit
as clainmed in claim5 in which the conmon logic function is a two

UPPER ZONE

G31Glgo M6 M1 M3 M2
P v\ |/ [t

G3

Primar ‘y
Clkle

™

Gy _

AL aﬁscfk’s‘a.s%bsxmsbz W,

Gl
G 23A. M3Mé LOWER ZONE

-‘Vertical Port cell connections

AZ\m4 c2

WA
X MS M2 \3pX M3Ms/ | \ CLK/RST X
Mi MIF M6

F l G . 238 Vertical Port cell schematic
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I nput NAND functi on. 7. A sem -conductor integrated circuit as

clainmed in__10 claim5b or 6 _in which the secondary function. is a
function with greater than two inputs. 8. ‘A sem - conduct or
integrated circuit as clainmed in claim7 in which the secondary
function has inputs. 15 9. A sem -con
I nt egrat ed ci‘*’@ﬁﬁ”ﬁ‘s clainmed in claim7 or 8 in ngﬁl‘ ﬁwg‘g&ondary
function is a two to one nul ti ffifdfer. 10.
sem -conductor integrated circuit as clained in any one of clains
2to 9 in which the cell providing 20 the augnented resource can
still carry out totally I ndependent functions. 11. A
sem -conductor integrated circuit as clained in any one of clains 5
to 10 in which the routing resource conprises a signal path
extendi ng between two cells in 25 the sanme tile and colum from a
nedi'um bus out put @I WU prexer—vr—ovnegel |l to one of three input
gat es of G2 —HWP-941332 T —G2
PCT/ GB96/ 02461 X 1~
M5~ __-Mb
M2~ ~M1
A M3
M3— - gt
Mé ‘RIGHT ZONE
LEFTZON;, S~M2
X
M6 M5
63X %3
G1—.. : ~— G1
G2~ G2
X bl I \xG
F | G 2 3 C Horizontal Port Cell Connections

M2P

M6 M1 MIP M3 M4 M2 5
X /o \ X
Al /a3 104 L
Mux A .
G & B—C 8
a3 i
627 v
ux B
J_ A2\ CZ \m3
N
Mé-,;i tx M3 / /Z;;' S
X M2 M2p M4 Miyp MO X

F l G ' 23 D: Horizontal Port Cell Schematic

R e ————]
]

SUBSTITUTE SHEET (RULE 26)



39 two a input multiplexer of the other cell. 12. A

sem -conductor integrated circujit as clained in claim._1_in which

t he augnent ed resource is a st orage/ progranmi ng resource. 5
13. A sem -conductor integrated circuit as clained in claim12 in
whi ch a progranm ng bit unused by one cell I's used by an adj acent

cel I . Y&”"#‘sem -conductor integrated circuit as ci |ﬁ%’3"+ﬁ‘1“
claim12 or 13 in which the majority of?/d8/1s conprise 10 l ogic cells
di sposed in a matrix array and divided into a plurality of zones

wi th each zone being port cells
functions to cotecti | ogic cells wth #eegst
pat h usi ng G2 -+he] nmjing bits, e e
15 progranmm ng bit to selectdbly control conngg
restricted nunber of other cells Jia direct (liocal)

and wherein the port cell received
| ogic cell. 15. A seni1§:B;ﬁn or inpteg
g i ng bits

20 claim14 in which the g recei &F pr:g
fromthe adj acgat r E? 'cgﬁag?. s ek Huct or I nt egrated
circuirt as cl amtﬁon?, % cl

E in mhiMHPthere are horizontal and
vertical port Top-edge Port cell schematic

8 h 2@ ovi ded routing
phal signal
gs havi ng
a
connecti on paths
gosource froma
it as clained in

ol
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cells and a logic cell in a corner of the zone which is 25 adj acent to
both the horizontal and vertical port cells donat es four
programm ng bits, two to each of the WO 97/ 13324

PCT/ GB96/ 02461 40 adj acent

hori zonal and vertical port cells. 17. A sem -conduct

i ntegrated cVP&Y1P24 Wn!och, as made, conprises an argég’f:ﬁéw
formed with a plurality of | ogi ca’qizrcui ts and defining a matrix
array of cells .5 divided into zones, there being a plurality of zones
I n the array and a zone porting arrangenent for each zone,

and further conprising an hierarchical routing structure di sposed in
successive |l ayers and wherein the successive | ayers of routing
resource conprises:- 10 zone intercaphect msmGMRI i Si ng | ocal
di rect connection paths connecting at | east sone of the cells

wi th-some other cells, and medi um connection pat g8 = MeIn.M&Qupbn(j ng

from

the zone portin arrangenent __and sel ectably connect abpgpwi t h
at | east sone otrﬂgelcells IFE2] i n a]zone; AN G e e L cells
NAND NAND " N R A
+* +
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Switches: Switehos:
R
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gl obal connection pat hs - havi ng sel ectabl e connections with

the zone porting arrangenent of each zone. and . further._conprising
one or nore further successive |evels of routing 20 resource having a
respective porting arrangenent to connect that |level of
routing resource wth the precedi ng | evel of routing resource.
18. A seni -WOAHIBRbr integrated circuit as clained in PTG @Wﬁ%ﬂ\l? in
whi ch each successive |evel of routing 25 resource spans a greater
nunber of zones. 19. A sem 9% &hductor integrated circuit as

cl ai med WD 97/ 13324

PCT/ GB96/ 02461 41 in claim217 or
18 in which each further successive |evel of global routing resource

conprises a decreased nunber ~of routj 5in ﬁ 20. A
sem - conduct or integrat eMiMg M3 ML Pai Ma 34 M SMG:l aim17, 18 or 19
in which there are a matri ’ré e 1. A
sem -conduct or integrated ci ekt TYPEAd| | TYPEA2

Sl =

M1
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ML
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any one of clains 17 to 20 in which for an arrangenent where the

cells are disposed in rows and colums, the 10 zone -
arrangenent conprises horizontal and vertical port cells which
extend in the horizontal and vertical directions respectively.

22. A sem - ctor integrated circuit as clainmed in Lm.21 in
whi ch each Ié&gpg ’mgoutinggresource has one 15 or moF /6 I'ng
arrangenent s and each porting’ 10/12 arr angenent has access to a
plurality of the port cells of the preceding level via the signa
connecti on paths for that |level of routing resource. 23.

A sem -conductor integrated circuit as clained 20 in any one of
claime 17 to 22 in which there are a plurality of signa
connection paths to each of the further successive |evels of
routing resource. 24. A sem -conductor integrated circuit as
claimed in claim 23 when appendant to claim22 in which there are a
25 plurality of signal connection paths which extend in the

horizontal direction and urality of signal

from_BB — AOUT

""myu__-{::ir — sour
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F l G . 2 5 C : Core cell input multiplexer
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42 connection paths which extend in the vertical direction.

25. A sem -conductor_integrated circuit as clainmed in —claim?24 in
which there are a plurality of horizontal and vertical signal
connection paths for each row and 5 colum of cells. 26. A
sem -conductor integrated circuit as clained in clabqbﬁgﬂ whi ch
for each cel W& s at | east one hori zontal and cal signa
connection path which is connecitfRe. 10 27. A sem - conduct or
integrated circuit as clainmed in any one of clains 17 to 26 in which
there are a plurality of matrix arrays of zones, .each defining a
super-zone, each zone having a plurality of gl obal connection paths
comuni cating with the zone porting 15 arrangenents for each zone
and extending across the super - zone between the porting
arrangenments for a first | evel of routing resource, hereinafter
referred to as the super-global level, said first |evel of routing
resource being selectably connectable wth the porting 20 ar r angenent
for a plurality of super- es. 28. A semi -conductor integrated
circuit as clmﬁqﬁhggq -, claim 27 in which the cells are grouped in
tiles with

th. onpPTITST t by t t L Of |1
i ™ ) wn Y, \“1:E;qu>8“gg¥ cells
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BIngut1i>°AEﬂ ™ e
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and each zone conprises a matrix array of tiles. 25 29. A

sem -conductor integrated circuit as.clajned in claim2Zo0r 28 in
whi ch the super-port cell for each WO 97/ 13324

PCT/ GB96/ 02461 43 super - zone
provi des sel ectabl e connections between the super - gl ctions
spanni ng adj ﬁ%ﬁ'{’léﬂper- zones or from super-globa c%%&g@ I ons
to the gl obal - connections for {ppgt super-zone. 5 30. A
sem -conductor integrated circuit constructed and arranged
substantially as herei nbefore descri bed with reference to and as
Illustrated in the acconpanyi ng drawi ngs of Figures la or |b or
2.5.Gor 2.5.1, or any one or nore of these or the other
drawings in 10 conbi nati on.
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