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DESCRIPTION

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

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

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

other said logic circuits, all of the sets (for all of
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the logic  circuitsj each - being unique. Such a
restricted signal translation system provides what can.
be conveniently referred to as l&cal'direct connection
paths. .

An array of this type 1is capable of being
programmed in such a manner as to configure the véripus
NAND gates, as required, to perform various . and
different logic functions. One such function is known
as a latching' function and in the logic .array as
disclosed in Séecification No. 2180382, a latching
function may_be.implemented using four NAND gates. This
has the disadvantage that the greater the number of
latching functions that may be required fiom any logic
array, the fewer NAND gates remain for other required
functions. This has the effect of reducing the overall
effectiveness of the array.

The invention of U.S. 5001368 overcomes this
disadvantage by ;moviding an additional logic circuit
for incluéion in each of the logic circuits at each
discrete site to enable each site to have a greater .
programmable'fécility'and thereby increase the overall
utilisation of the array. As with GB 2180382 the
site/cell of each logic circuit has the aforesaid
restricted signal translatioﬁ system. ‘Each additional
logic circuit is arrénged within fhe {ogic circuit of

the site or cell to be selectively controlled by control
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means to cause each loéic circuit and additional loéic

circuit comprising each cell to operate as either a

first or a second different simple logic function. More

- particularly, each cell is constructed to operate as a

NAND gate or as a latch circuit Ffunction.

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

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

functions. Once a logic circuit has been used in this
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matter to complete the routing that lbgic circuit can no
longer be used for function. This reduces the overall
effectiveness of the array. An object of one aspect of
this invention is to overcome this disadvantage by
providing additional connection resources in an
. arrangement not previously contemplated.

A feature of the afore-described configurable
logic arrays is that each discrete site or cell is
identical thus in the case of GR 2180382 each discrete
site comprises a NAND gate whilst in the case of US
| 5001368 each discrete cell comprises a NAND gate and an
additional logic circuit which enables the cell to
function exclusive as a NAND gate 6: exclusively as a
latch circuit function. Implementing other circuit
functions (be thef logic functions or otherwisé)
requires the various cells to be configured as required
‘to perform various and different circuit functions.
Other functions frequéntly required are XOR and D-flip-
flop. 'Again this has the disadvantage that the greater
‘number of these functions that may be required from any
logic array the fewer gates remain for other required
functions which has the effect of reducing the overall
effectiveness of the array.

An object of another aspect of this invention is
to overcome this disadvantage by providing a series of

different types of cells (eg. providing different
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functions) and arranged in a particular manner in the
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array to thereby increase the overall utilisation of the
larray. | |

Accqrding to said one aspect of the invention a
semi-conductor integrated circuit comprises an area
thereof formed with a plurality of logic circuits at
discrete sites or cells respectively defining a matrix
array of cells, and wherein the matrix array of cells is
sub-divided at least into zones each combrisiné a matrix
array of said cells and further comprising a porting
‘arrangement for each zone, the integrated circuit as
made having an hierarchical routing resource structure
comprising:-
(1) global connection pgths having selectable
connections with the porting arrangement of each zone,
(ii) medium connection paths extending between the
porting arranéement and at least some oq the cells in a
zone, and
(iii) 1local dirgct connection paths comprising for each
cell a festricted signal translation 3ystem between
inputs and outputs of the cells.each selectable as to
its conduction state, those pafhs extending for each
said logic circuit from its output to inputs of a first
set of some of other said logic circuits and from its
inputs to outputs of a second set of some of other said

logic circuits, each first set of logic circuits being
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different from any other first set of logic circuits,
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and each second set of logic circuits being different
from any other second set of'logic'circuit. |

In essence the present invention provides a semi-
conductor integrated circuit comprising an area thereof
formed with 'a plurality of logic .circuits at discrete
sifes with three levels of interconnect, namely global,
medium and 16cal, and are brought about by the
existence of the porting arrangement that sepafates the
array into =zones. The global level interconnect can
span the whole-afray but is separated from the medium
and local level interconnects by the porting
arrangément, the medium interconnect extend af ?a zoﬁe
but can connect directly'with port cells and core cells,
whilst the 'ldcal interconnect provides connections
bétween only a few cells. u

The =zones are preferably arranged.in a matrix
array of zones, the plurality of zones defining a
quadrant and the integrated circuit may have a plurality
6f quadrants also  conveniently arranged in a matrix'
array. In a preferred construction there are 10 x 10
cells to a zone and 5 x 5 zones to a quadrant and 2 x 2
guadrants. The global connection paths convenientiy
extend horizontally,and vertically across a piurality of
zones. Indeed it 1is preferable to.have the global

conngction paths comprise lines which extend
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continuously across more than one zone and which are
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selectably connectable with at least some of the zones.
ﬁfeferably there are a plurality of global connection
paths for each row and column of cells in a 2zone. More
preferably still there are four global connection paths
for each row and column of cells.

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

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

It is convenient to have horizontal and vertical

port cells. The porting arrangement permits resources
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to be routed from the global lines through to the medium

8 .
lines and thereby into the cells without necessarily
_having'to use cells for routing .thereby leaving more
cells available for function.
‘The use of port cells is also advantageous in

that it allows -the general ‘"interconnect structure

(global and medium buses) to interconnect with special

interconnect structure, for example clocks and
tristates.

Accordihgly, the circuit advantageously further
comprises clock diStribﬁtion channels, ' preferably
comprising a vertical clock bus . (with say 8 lines)
extending between clock pads to top and bottom of the

array, a horizontal clock distribution spine (with say 8

lihes), extending between clock pads to opposite sides’

of the array and intersecting with the vertical clock
bus. Preferably there is a vertical clock distribution
spine for each zone (conveniently tapped off from the

horizontal clock spine) by which clock and reset signals

are distributed to the vertical port cell of that zone.

Preferably alternate core cells have clock and reset
signal 1lines. Buffers are used in the clock signal
distribution lines as appropriate.

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

cells, specifically wired -OR buses (say 5) running
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across -each 2zone and connecting directly with the wired
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;OR core cells. Preferably connection of the wired -OR

buses may be made to a certain (restricted) number of

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

A further advantageous feature is +to have wired -OR
connections between horizontal- x buses and say three

horizontal global buses. Pull ups are advantageously

-provided for the WO buses, eg. in the horizontal port

cells, and pull ups for the global buses are
advantageously situated in the vertical inter-quadrant
region.

‘The preferred connection provisions afforded by

the porting .arrangement will be described further

hereinafter, along with other features of the integrated
circuit. |

According to said another aspect the invention

_provides a conflgurable semi-conductor integrated

circuit comprising a matrlx array of core cells each of
the cells havingia first simple function in commoh and
at least one subsidiary function, there being at least
two different subsidiary functions, the core cells being
grouped in tiles comprising a matrix array of the core
cells and wherein each tile has at least one of each
different subsidiary functions.

The tiles comprise a matrix array of the core

cells smaller than the whole array. The arrangements
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of subsidiary functions within the cells of the tile are
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substantially differenf. The resultant tile 6f core
cells is arranged so as to uniformly cover the array.
Said another aspect  the invention has a
particular application with the circuit configuration
described in the aforesaid British Patent No. 2180302.
Accordingly in that épplication said another aspect may
be defined by a configurable semi-conductor integrated
cifcuit which comprises an area thereof formed with a
plurality of logic circuits at discrete sites or cells
respectively, each said logic circuit having in common a
restricted simple logic functién capability and itself
only being capable of implementing a simple 1logic
function, and the cell having a restricted signal
translation system between inputs and outputs of the
logic circuits affording (local) difect connection paths
"each selectable as to its.conduction state, those paths
extendiﬁg, for éaéh said logic circuit, from its output
- to - inputs of first set of some of other said logic
circuits and from its inputs to outputs of a second set
of some of other said logic circuits, each first set of
logic circuits being different from any other first set
of logic circuits, and each second set of logic circuits
being different from any other second set of logic
circuits, the integrated circuit further comprises at

each discrete site or cell additional optionally
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selectable circuit configuratishs selecfively controlled
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by control means to -enable each cell to operate in a
selected one of two or more ways, -and -wherein there are
a plurality .of different optional circuit
configurations and wherein the cells are arranged in
groups, hereinafter referred to as tiies, with each tile
having ~ at least one of each of the different circuit
configurations.

The selected one of two or more ways éomprises‘
eithér the simple logic function common to each cell or
a selected subsidiary  function afforded by the
optionally selectable - circuit configurations. The
arrangements of the subsidiary functions within the
cells of the tile are substantially different, and the
resultant tile of cells is arranged so as to uniformiy
cover the array.

According to this aspect, " there is provided a
uniform array with externally identical cells allowing a
uniform interconngct structure to be used regardless of
the function of the cell. The interconnect is identical
for all cells within a tile;' In use Ehe autolayout
tools will know which cell supports which function but
if the cémmon function only is used then thelarray can.
be treated completely uniformly, ie. if the subsidiary
functions are noﬁ used then the array appears as a

uniform array of simple primary functions. There is a
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to implement most logic functions using the primary
fﬁnction only, ie. the simple cells, eg. the AND gates
with programmable inversions on the inputs but this is
not very efficient. 1In order to improve the efficiency
éf the uniforﬁ base array it is overlaid with the
subsidiary functions. - The subsidiary functions
represent optimised implementations of functions that
can be created using the primary functions. By using
- this hierarchy the autolayout tools have a flgxible
uniform target. for placement purposes for the more
common functions with a slightly coarser target for the
less commonly used secondary functions. The secondary

functions could not be used on their own to complete a
design. An hierarchy of function is prefefred as

opposed to an arbitrary distribution of different logic

" functions.

‘The additional or subsidiary'.functions are
distributed throughout:thelarray. A group of commonly
used functions are selected on the basis of their
frequency of occurrences within gate array designs. The
selected'group of functions are distribﬁted throughout
the array.as the tile, which is repeated in a regular
pattern over the array. The autolayout placement target
for thg.primary function is a cell whilst the placement

target for a secondary function is a tile. Although the
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tile is a coarser target it still represents a uniform
resource thrdughout the'array.'
| In one embodiment the - common simple logic
function is a NAND gate. Preferably the optionally
selectable circuit configurations afford optional
functions of:- wired -OR output buffer - which is to be
viewed as a function for the purposes of this
specification; XOR}.D—type flip flop (with reset and
enable) and latch function (with reset and enable).
Thus four different subsidiary functions are available,
and the above recited function are the preferred
subsidiary functions. As specified above each tile has
at least one each of the available subsidiary functions.
Some cells may have additional circuit configurations to
facilitate by virtue of the tile arrangement building up
higher  level functions, for example a 2~to-1
multiplexer, or fast carry logiq;

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

prefer to have the number of different subsidiary
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functions available to a tile reflect this. Thus we
prefer to  have twé XOR functions to a tile.
Furthermore, by having one cell .offer optionally two
functions (preferably the D-flip flop and latdh) an
advantages construction can be arrived at with a smallér
tile configuration.

Our preferred  tile comprises four cells,
preferably arranged as a matrix of 2 x -2 cells, and thus
in the preferred embodiment whilst there is notionally
one different subsidiary function for .each cell, we
prefer to have two cells offering'the XOR functions, one
cell offering the wired-OR function and one cell
offering the option of D flip flop or latch function.
Each cell has available to it its basic funcfion, ie. a
NAND gate.

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

As mentioned above for the preferred application
each cell has the restricted signal translation system
providing direct local interconnections _betwéen oni§
some of the cells. However, it will be appreciated that
the tiling arrangement can be wutilised in circuits
without this specific restricted translation system.

Preferably the integrated <circuit has additional
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connection resourcesi as described above and hereinafter
according to said onelaépect of the invention.

The present ‘invention will now be .describéd
further, by way of example only, with reference to the
accompanying drawings, in which:-

Figure 1 is a diagrammatic representation of the
hierarchical structure of a configurable logic array
embodying the inventions hereof,

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

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

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

Figure 4 illustrates diagrammatically one series

.of medium connection paths to the four cells of a tile,

Figure 5 illustrates diagrammatically -a zone of

~cells and the asspciated vertical and horizontal port

cells,

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

Figure 5b illustrates a corner zone,

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

Figure 7 1illustrates diagrammatically details of
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connections made via the vertical port cells,

Figure 7a illustfates diagrammatically details of
connections made wvia the vertical .port cells at the top
and bottom edges of the array,

Figure 8 illustrates diagrammatically details of
connections between quadrants,

Figure = 9a illustrates diagpgmmatically the
primary clock structure,

Figure 9b illustrates further details of the
clock structure of Figure 9a, and

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

Referring firstly to Figure 1, this illustrates
an overview of the hierarchical strudture of the
configurable logic array embodying the inventions
hereof. The array of the illustrated embodimént
consists of 10,000 core cells CC, all of thch can be
used as 'a simple NAND gate. For convenience the
following description describes the array as a regular
array of cells, comprising rows and columns. A matrix
array of 10 by 10 core cells CC with associated port
cells (described further heréinaftér with reference to
Figures 6 and 7) constitutes a zone 11 (see Figure 5a)
of which there are 100 in the illustrated embodiment. &

matrix array of 5 by 5 zones cohnstitutes a quadrant 13.
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in the illustrated embodiment the quadrants are disposed
ih a 2 by 2 matrix' arfay.. Inter-quadrant switches
(generally designated by reference SG see Figure 8) are
provided between .the adjacent gquadrants. The array is
also'provided with user input output cells designated
by blocks 17 (Figure 1) and the illustrated embodiment
has 50 per,.side. Also providéd are input/ﬁutput
multiplexers 18. lThe_circuit also has a clock structure
(including clock pads CP and clock bus CB) ‘which is
described further with reference to Figures 9a and 9b.

Referring now to Figures 2a and 2b, here there is

:illustrated diagrammatically a group of 4 core cells

hereinafter referred to as a tile T and disposed in a 2
by 2 matrix array. Each cell comprises a two-input-NAND
gate N1, multiplexer means M1, 2,.3_and 4 on the input
side and inverters.. I1, I2 between - respective
multiplexers M1, M3, M2, M4, --Each cell also has an
output multiplexer MO. In addition to the facility for
each core .cell _to bé used as a simple NAND gate as
represented by circuity illustrated diagrammatically in
Figure 2a, each cofe cell has an extra function box (£fn)
that can be selected during configuration. There are é
plurality of different functions available and each tile

contains at least one of the available functions. The 4

cells makihg up a tile are designated by the numbers 1,

2, 3 and 4 respectively (see Figures 2a, 2b) denoting
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" different types of core cell (ie. CC-1, €C-2, CC-3, CC-
4). In the illustrated embodiment the alternative
function available to the type- 1 cell is a wired-OR
configuration, the addifional function available to the
type 2 cell is that of XOR as well having circuitry to
provide half of a 2-to-1 multiplexer, or fast carry
logic. ~The CIN input is driven from the type 4 cell of
the tile below. The COUT output is input to the type 4
cell above. The CIN and COUT signals fornm the first
carry logic. ..The type 3 cell in the illustrated
embodiment has two alternative available functions,
namely a D flip flop or a latch (each with reset and
enable). The type 4 deli also has' as its alternative
function the x-OR function and additionally has the
other half of the circuitry providing a 2-to-1
multiplexer or fast carry 1logic. The multiplexer"and
fast carry alternative functions require 2 core cells, -
thus the circuitry of the type 2 and type 4 cells are
used together. . In the context of the present
application the wired-OR output driver of type 1 cell is
to be regarded as an alternative function although
strictly speaking it is not a true alternative function
in the sense of the other functions. Figure 2b shows
circuitry representative of the functions available to
the 4 types of core cell. |

The tiles are arranged into zones as mentioned
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above and connections within zones are made using-local
interconnect described -further with reference to Figure
3, or medium range interconnect to.anywhefe in the zone.
The latter comprise horizontal and vertical medium buses
" M which run the'length.and breadth of each zéne (4 per
row and column of cells). These are designafed as Ml;
M2, M3, M4. Port cells (VPC and HPC) (Figureé 5, 5a,
5b, 6 and 7) at the edge of each zone make connections
via the medium buses to neighbouring zones or to the
global bus network. - Horizontal and vertical x buses
(referenced x) (Figures 5 and 5b) also run the length
and breadth of each zone (1 per row and column of bells)
and in conjunction with a switch- (not illustrated) in
each core cell they are used for making right angled
turns on these buses. Global buses G (Figure 5a) run
the length and breadth of each quadrant and in the
illustrated embodiment there are 4 per row and coluﬁn of
core cells identified as Gl1l, G2, G3 and G4 {Figures b5a,
6 and 7). Switches SG1...SG4 (Figure 8) between the
guadrants allow global buses to run the whole length of
the device if required.

It is envisaged that all devices will have 4
gquadrants but the number of zones in each quadrant may
differ from one device to another. It is however
preferred to have a matrix of 10 by 10 core cells to

each zone.
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The global resources ' available to the array
comprise the global - interconnect lines Gl...G4 and
associated switches  SGl...S5G4. The additional letters
Vv and H are used throughout to dénote vertical and
horizontal connections, cells and switches etc. as the
case may be. Global resources further comprise the
above-mentioned x buses described further herein below
and port cells that connect between global and zone
resources. fheré are 10 port cells along the top of
each zone (the vertical port cells VPC) and 10 along the
right hand side (the horizontal port cells HPC)..
Connections between routing resources within zones via
the medium buses Ml...M4 and the global resources are
only possible through the port cells. Port cells also
support connections between medium buses in adjacent
zones and are. used for clock and tristate net
" distribution described further hereinafter.

Referring now to Figure 7 here we illustrate
.diagrammatically how the zone and global buses connect
to the vertical port cells VPC. Port cells are arranged
in pairs, aligned with the core -cell tiling. Four
routes are possible through each port cell-
multiplexers A and C support one route each, and
multiplexer B (shown as Bl and B2) supports two
separate connections. Two of the zone medium buses (Ml

and M2) are used for connections to the global and x
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_ buses through multiplexers A and C. In adaition; Ml
and M2 from the adjacenﬁ column in the tile also connect
to A and C. This arrangement allows é Cross over
connection between pairs of port éells. Multiplexers A
and C also provide bufferred connections from M1/M2 or
M1/M2 in the column from the adjacent column in the tile
to or from M3/4 in the zone above. The other two zone
medium buses (M3 and M4) connect to multiplexers Bl and
B2. Bl and 2 allow two independent unbufferred links to
M3 or M4 in the zone above.’ M3 and M4 can be
interchanged 'using " a programmable twist. These
interzone connections can be used when a fast
connection is required between- zones.
Alternate port cells have either a clock (CLK) or

a reset (RST) multiplexer. These select the source for
the dedicated .clock and reset lines to the D flip flop
and latch*cheTCeils,-ie. the type 3 cells. The clock
or reset multiblexer provides programmable inversion of
clock and réset. . |

. Referring now to Figure 7a, here will illustrate
the connections at the top and bottom edges of the
array. At the top edge connections to the vertical port
cell (VPC) are with the inpuﬁ/output cells 17 by way of
the input/output multiplexers 18. In the illustration
there are two 7:1 multiplexers and one 2:1 multiplexer

for each adjacent pair of port cells. It will Dbe seen
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tﬁat the lines emerging from the two horizontal port
cells correspond to théée of Fiéure 7 and that each ﬁort
cell connects with a respective 7:1 multiplexer. 1In
addition the two x buses from each port cell have a
branch into the 2:1 multiplexer which communicates with
control circuitry.

At the bottom edge of the array, the lines
passing over the =zone boundary also connect with
input/output célls 17 'via multiplexers. .For two
adjacent <cells also comprises a respective 7:1
multiplexer and a common 2:1 multiplexer. The lines
comprisé. Global 1lines (Gl...4), the x bus and medium
interconnect lines M3, M4. The respective'x buseé-are
branched to the 2:1 multiplexef as at the top edge.
Note in each case one 7:1 multiplexer feeds to an
.output cell 17 OUT and one is fed from an input cell 17
IN. _

In the illustrated embodiment,' the inpuﬁ/outpuf
connection at the edges':mirror the connections between
zones. This is not to be taken as limiting, merely an
example and the connection to the input/output
multiplexers may be for more extensive. For example
other of the medium intercdnnect lines may be
substituted for M3, M4 or supplement then. In the
illustrated embodiment the medium interconnect lines M1,

M2 terminate at the lowermost cell of each zone, ie.
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they do not_ pass over the zone boundary.

The connections to the input/output cells of the
fight and left edges of the array accordind to one
embodiment mirror the connections to the ho?izontal'port
cells (HPC) as illustrated ‘in Figure 6 in a
corresponding manner to +the arrangement of Figure 7b,
utilising twé 7:1 multiplexers for each pair of adjacent
cells and a cofresponding 2:1 multiplexer for the x
buses.

The ?rimary clock structure will now be
described. Primary clocks may originate ekternal to the
device via 8 special purpose-clock pads CP or f;om the
array by routing-on general resourcé to the clock pads.
The clock pads CP are situated at the corner of each
gquadrant (see Figure 1) and illustrated in further

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

diagram. The clock bus CB runs vertically between the .

top and bottom clock pads CP and connects with a
horizontal clocE: spine HCS (having 8 lines) running
between the horizontal clock pads to opposite sides of
the:array. A central clock buffer CCB is disposed at
the intersection of the vertical clock bus CB and the
horizontal clock spine or bus (HCS). A total of 8.
global signals (clocks or reset clocks) may be driven;
these can be either internally or externally generated.

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

Rl



24

primary clock by simply routipg it internally to one of
the clock pads. The hérizontal clock spine is tapped
off at various points to drive multiple vertical clock
spines VCS which run between adjacent =zones to provide
one vertical channel of 8 global clock signals per
column of array zones. In addition there are equivalent
vertical changgls for the I/0O zones to the left and
right hand sides of the device. The I/O zones to the
top and bottom of the array connect to the vertical
clock distribution channels driven up and down through
the array. The primary clock and reset signals are
input into the vertical port cells of each 2zone via the
zone clock and reset cells. An 8-2 multiplexer (Figure
| 9b)-distributes signals from the VCS into the vertical
port cell VPC and as described with reference to Figure
7 alternate core cells CC have a clock swifch or a reset
switch whereby clock (CLK) or reset (RST) signals can be
distributed vertically through the zone (see also Figure
.Qb).’ <

Secondary clocks can also be provided using
conventional routing resource of the circuit. A routing
comb is created by the software consisting of the
horizontal spine and vertical teeth. The spine and
teeth are routed on global interconnect and connécted
via x bus switches. | The global interconnect may be

extended across gquadrant switches. The clocks are
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input into 2zones via the 2zones vertical --port cells
(which also provide prégrammable clock inversion), the
clock can only be connected to £1lip flops on the same
column as the secondary clock. Tertiary clocks may also
be provided using conventional routing resource and our
input into =zones via the zones vertical port cells and
can be routed on any level of interconnect.

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

The functional tiling withiﬂ the zones means that

only half the core  cell rows contain core cells with
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wiréd-OR drivers. Therefo:e, there are only five wired-
OR buses per zone. Thié means that there have tb be two
types of port cell, one with' zone wired-OR bus
connecting to it (type 1), and one without (type 2).
The zone wired-OR ﬁus from the type 1 horizontal port
cell is fed to the type 2 cell as indicated by line F.
This means that a WO bus can drive into horizontal
global buses in every row. The x bus can also make a
wired~OR connection lonto the global buses, éllowing
vertical steps between wired-OR buses. This connection
can be inverted as required to maintain the sense of
signals.

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

There are 200 user configurable I/O cells 17 and
" these are arranged so.that they ' pitch match "1 to every
two core cells around the edges of the device. Global,
.medium and x buses (Gl...G4, Ml...M2 or M3...M4, X) from
one core cell row or column are used as inputs énd
Gl...G4, M1...M2 or M3...M4 and X from the adjacent row
or column are used as outputs. An 8 bit peripheral bus
runs around the whole device which 1is accessed by the

I/0 cells. Each I/0 cell can read or write any of the 8
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bits. Wired-OR buffers can optionally be éelected when
writing to the peripherél bus.

Referring again to Figure 5, the basic structure
of a zone is illustrated showing the vertical port cells
VPC and the horizontal port cells HPC described with
reference to Figures 7 and 6 respectively. Also
illustrated is the zone CLK/RST multipleger. Referring
to Figure 3, regarding the local interconnect of each
cell, the upper and léwer input multiplexers (A and B)
of each core cell can be connected to the outputs of
nearby cells ﬁsing the network of local interconnect.
This provides +the fastest connections between cells.
Thus in the illustrated embodiment the multiplexer A
provides inputs to the core cell C from the outputs of
cells U, LL, F, FB .and FF, whilst the multiplexer B
provides inputs to the core cell C from the outputs of
cells UU, L, F, FB and FBB. Thus in the illustrated
embodiment each cell connects with its eight nearest
perpendicular neighbouré. Each cell C will have a set
of local connection possibilities.: Ie. each cell
connects with only some of the other cells in a manner
described in our British patent 2180382.

Referring now to Figure 4, this illustrates how
medium interconnect is used for connections within a
zone that are not possible with 1local interconnect.

Medium buses are also used for interzone connections
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since they connect to the port cells. There .are four
horizontal and four veftical‘ medium.buses per row and
column of core cells. All medium -buses connect to the
zones port cells, but only two can be used for
connection to the global fouting network. in the
illustrated embodiment and these are referred to as Ml
and. M2 or.the . external medium buses. M3 and M4 "the

internal" medium buses, are used for connections

" through the port cells to all four adjécent zones as

will be apparent from reference to-Figure 6 and 7.

Each of the two input multiplexers in a cbre cell
provides connections from two medium buses. The .core
cell outpﬁ£ multipiexéré can connect to four medium
buses. Therefore each individual core cell can only

access half the 8 medium buses that cross each cell. To

- compensate for this there is a tiling of bus

connebtions, using two different sets of c;nnections,

repeated in a 2 by 2 tile similér to the core cell

functional tiling. Thus; for the illustrated embodiment

each core éell in the tile connects to " its horizontal

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

Core Mux Connections from: Connections to:
cell

M3(Vert) ,M2(Horiz) -

2/3 A

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

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

1/4 B

M4 (Vert) ,M1l(Horiz) -
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1/4 'OP - M1,M4(Vert) ,M2,M3(Horiz)
Figure 10 iliustrates diagrémmatically for
illustrative purposes the hierarchy of interconnect and
. shows three interconnect structures, namely firstly,
the local interconnect structures which only have the
scope 6f a few cells, and cannot connect.to port cells,
secondly the medium interconnect structures (M) which
only have the scope of a single zone but can directly.
connect with port cells and core cell, and thi;dly the
global interconnect (G) which can span the whole array
but cannot connect to core cells (CC). it will be
apparent that these three levels of interconnect will bé
brought about by the existence of the porting
arrangement that separates the array into zones. The
global 1level of interconnect is separated from the

medium and 1local levels of interconnect by the porting

arrangement. _ .
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area thereof formed with a plurality of logic circuits
at discrete sites or cells respectively defining a
matrix array of cells, and wherein the matrix array of
cells is sub—dividéd at least into zones each comprising
a matrix array of said cells and further comprising a
porting arrangement for each zone, the integrated
circuit as made having an hierarchical %outing resource
structure comprising:-

(i)  global bonpectioh paths which extend continuously
across more than .one zone and have selectable
connections with the porting arrangement of at least
- some of the 2zones,

(ii) medium connection paths extehding from the
porting arrangément énd selectabl& connectable ﬁith at
least some of the ¢ells in a zone, and

(iii) 1local dirégt connection paths comprisiﬁg for each
cell. a restricted signal translation system between
inputs and outputs of the cells each selectabie as to
its' conduction state, <those paths extending for each
said logic circuit from its output to inputs of a first
set of some of other said logiclcircuits and from its
inputs to outputs of a second set of somé of other said

logic circuits, each first set of logic circuits being
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" different from any other Ffirst set of logic circuits,
and each second set -of logic’ circuité being different
from any other second set of logic circuit. -
2. A semi-conductor integrated circuit as claiméd in
claim 1 in which the zones are arranged in a matrix
array of zones.
3. A semi-conductor integrated circuit as claimed in
claim 1 or 2 in which the plurality of zones define a
quadrant and the integrated cifcuit has a plufality of
gquadrants.
4, A semi-conductor integrated circuit as claimed in
claim 3 in which the quadrants are arranged ;n a matrix
array.
5. A semi-conductor integrated circuit as claimed in
claims 1 to 5 in which there are 10 x 10 cells to a
zone, 5 x 5 zones to a quadrant and 2 x 2 quadrants,"
6. A semi-conductor integrated circuit as claimed in
any one of the precedin; claims in 'which the glo;al
connection paths extend horizohtally and vertically -
across a plurality of zones. -
7. A semi-conductor integrated circuit as'ciaimed in
any one of the preceding claims in which there.are a
plurality of global connection paths for each row and
column of cells in a zone.
8. A semi-conductor integrated circuit as claimed in

‘Claim 7 in which there are four global connection paths
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for each row and column of cells.

32

9. A semi—conductor.integrated circuit as claimed in
any one of the preceding claims - in which there are a
plurality df medium connection paths for each row and
cblumn of cells of a zone.

10. A semi-conductor integrated circuit as claimed in
claim 9 in which there are_four medium connection paths
for each row and column.

11. A semi-conductor integrated circuit as ciaimed in
any one of the preceding claims in which each medium
connection path is selectably connectable with an outpﬁt
and/or input of one or more cells.

12. A semi~-conductor integrated circuit as claimed in
any one of the prédéding claims and comprising further
global routing resources comprising. horizontal and
vertical buses extending across a zone horizontally and
vertically rgspectively,' and Whicﬁ are connectable with
~the port cells and with one another.

13. A semiééoﬁ&uctor integrated circuit as claimed in
- claim 12 in which thelfurther horizontal and vertical
buses are not connectable to the cells.

14. A semi-conductor integrated circuit as claimed in
claim 12 or 13 in which there is one such further global
connection bus for each row and column of cells.

15. A semi-conductor integrated circuit as claimed in

claim 14 in which there is a connection between the
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horizontal and vertical buses for each cell.
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16. A semi—conductor'integrated circuit as claimed in
any one of the preceding claims. comprising hqrizontal
and vertical port cells, the porting arrangement of
which permits resources to be routed from the global
lines through to the medium lines and thereby into the
- cells. |
17. A semi~-conductor integrated circuit as claimed in
any one of the preceding claims in which thé general
interconnect structure (global and medium buses) are
interconnectable with special interconnect structure,
for example clocks and tristates, by way of the port
cells. |
18. A semi-conductor integrated circuit as claimed in
any one of the preceding claims further comprisin§ clock
distribution channels, preferably comprising a vertical
clock bus (with say 8 lines) éxtending between clock
pads to top and bottom of the array, a horizontal clock
distribution‘spine (with say 8 lines), extending between
clock pads to opposite . sides of the array and
intersecﬁing with the vertical clock bus.
19. A seni-conductor integrated circuit as claimed in
claim 18 in which there is a vertical clock distribution
spine.for each zone (conveniently tapped off from the
horizontal clock spine) by which clock and reset signals

are distributed to the vertical port cell of that zone.

Attt
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20. A semi-conductor integrated circuit as claimed in
- claim 18 or 19 in whiCh'alternate core cells have clock
and reset signal_lines;_
21. A semi-conductor integrated circuit as claimed in
any one of the preceding claims in which each cell has a
common logic function and at 1least one subsidiary
- function, there being at leasﬁ two different subsidiary
functions, the core cells being grouped _in tiles
comprising a motor array of the core cells ana wherein
each tiie has at least one of.each different subsidiary
functions. |
22. A semi-conductor integrated cifcuit as claimed in
claim 21 in which the different subsidiary functions
comprise:- wired-OR; XOR; D-type flip flop and latch
functions.
23. A semi-conductor integrated circuit as claimed in
claims 21 or 22 when appended to claim 16 comprising
dédicated ' connection 1lines with the horizontal port.
cell (specifically .Wired -OR buses (sdy '5)) running
across each zone and connecting directly with the wired
-OR cofe cells.
24, A semi—conducto:.integrated circuit as claimed -in
“claim 23 in which connection of the wired -OR buses may
be made to a certain (restricted) number of global
buses, for example by way of the horizontal port cells.

25. A semi-conductor integrated circuit as claimed in
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claim 17 when appeﬁdant to claim 12 in which there are
wired -OR connectibné between the further global
horizontal buses and say three horizontal global buses.

26. A-configuréble semi~conductor integrated circuit
comprising a matrix array of core cells each of the
cells having a first simple function in common and at
least one subsidiary function, there being at least two
different subsidiary functions, <the core cells being
grouped in tiles comprising a matrix array of.the core
cells smaller than the whole array and wherein each tile

has at least one of each different subsidiary functions,

and wherein the tiles of core cells are arranged so as

to uniformly cover the array.
27. A configurable semi-conductor integrated circuit
claimed in claim 26 in which the arrangement of the

éubsidiary functions within the cells of the tile are

'substantially different.

28. A configurable semi-conductor integréted circuit
which comprises =an area thereof formed with a plurality
of logic circuits at discrete site; or cells
respectively, each said logic circuit having in common a
restricted simple logic function capébility and itself
only being capable of implemeﬁting a simple 1logic
function, and the cell having a restricted signal
translation system between inputs and outputs of the

logic circuits affording (local) direct connection paths
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each selectable as to its conduction sﬁaté, those paths
extending, for each saia logic circuit, from its output
to inputs of first set of some of other said logic
circuits and from its inputs to outputs of a second sef
of some of other said logic circuits, each first set of
logic circuits being different from any other first set
of logic cirduits, and each second set of logic. circuits
being different from any other second set of logic
circuits, the " integrated circuit fu¥ther combrises at
each discrete site or cell additional optionally
selectable circuit configurations selectively controlled
by control means to enable each cell to operaté in a
selected one -of two or more ways, and wherein there are
a plurality of different optional circuit
configurations and wherein the cells are arranged in
graups,'hereinafter referred to .as tiles smaller than
the whole array, with each tile having at. least one of
each of the different circuit configurations, and
wherein the tilkes of cells are arranged so as to
uniformly éover the array.

29. A semi-conductor integrated circuit as claimed in
claim 28 in which the selected one of two or more ways
comprises either the simple .logic function common to
each cell or a selected subsidiary function afforded by-
the optionally selectable circuit configurations.

30. A semi-conductor integrated circuit as claimed in
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claims 21 or 26 to 29 in which the common simple_iogic
function is a NAND gate.
31. A semi-conductor integrated- circuit as claimed in
claims 26 to 30 in which the optionally selectable
circuit configurations (different-subsidiary functions)
afford optional functions of:- wired -OR output buffer;
XOR; D-type flip flop (with reset and enable) and latch
function (with reset and enable).
32. A semi-conductor integrated circuit as ciaimed in
any one of claims 26 to 31 in which some cells may have
additional circuit configurations to facilitate by
virtue of the tile arrangement building up higher level
functions.
33. A semi-conductor integrated circuit as'claimed in
claim 22 or 31 in which there are two XOR functions to a
tile.
34. A semi-conductor integrated circuit as claimed
in claim 22, 31 or 32 in which one cell offers
optionally two functions (preferably the D-flip flop and
latch). |
35. - A semi-conductor integrated circuit as claimed in
any one of claims 22, 26 to 34 in which the tile
comprises four cells.
36. A semi-conductor integrated circuit as claimed in
claim -35 in which the four cells are arranged in a

matrix of 2 x 2 cells.
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37. ' A semi-conductor integrated circuit 'a claimed in
claim 28 in which 'tﬁe arrangement of the subsidiary
functions within the cells of the tile are substantially
different.
38. A semi-conductor integrated circuit as claimed in
claims 26 and 27 or any one of claims 30 to 36 when
appendant to claims 26 or 27 in which an area thefeof is
formed with a plurality of logic circuits at discrete
sites or cells respectively defining said matrix array
of cells, and wherein the matrix array of cells is sub-
divided at least into zones each comprising a matrix
array of said cells and further comprising a porting
arrangement for ‘each zone, the integrated circuit as
made having an hierarchical routing resource structure
comprising:-~ -
(1) global connection paths thch extend continuously
across more than one zone and have selectable
connections with the porting arrangemenfnof at least
somé of the zonesy
(ii) medium connection paths extending from the
porting arrangement and selectably connectable with at
least some of the cells in a zone, and
(iii) 1local direct connection paths comprising for each
cell a restricted signal translation system between
inputs and outputs of the cells each selectable as to

its. conduction state, those paths extending for each
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'said logic circuit from its output to inputs of a first-
set of some of other éaid logic circuits and from its
inputs to outputs of a second set of some of other said
logic circuits, each first set of logic circuits being
‘different from any other first set of logic circuits,
and each second set of logic circuits being different
from any other second.set of logic circuit.
39. A semi-conductor integrated circuit as claimed in
claim 28 or any one of claims 29 to 36 when appéndant to
claim 28 in which the plurality of logic circuits at
discrete sites or cells respectively defining a matrix
array of cells, and wherein the matrix array of cells is
sub-divided at least into zones each comprising a matrix
array of said cells and further comprisingf a porting
arrangement for each 2zone, the integrated circuit as
made having an hierarchical routing resource structure
comprising:-
(1) global connection paths which extend continuously
across more than one zone and have selectable
connections with the porting arrangement of at least
some of the zones,
(ii) medium connection paths extending ffom the
porting arrangement and selectably connectable with at
least some of the cells in a zone, and
(iii) local direct connection paths.

40. . A semi-conductor integrated circuit as claimed in
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claim 38 ‘or 39 in which the zones are arranged in a
matrix array of zones:
41. A semi-cohductor integréted-circuit as claimed in
claim 38, 39 or 40 in which the plurality of zones
define a quadrant and the integrated circuit has a
plurality of guadrants. |
42. A semi-conductor integrated circuit as claimed in
claim 41 in which the quadrants are arranged in a matrix
array. '
43. A semi-conductor integrated circuit és claimed in
any one of claims 38 to 42 in which there are 10 x 10
cells to a zone, 5 X 5 zones to a qguadrant and 2 x 2
gquadrants. “ |
44, A semi-conductor integrated circuit as claimed in
any one of claims 38 to 43 in which the global
connection paths extend horizontaily and vertically'
across a plurality of zones.
45, A semi-conductor integrated circuit as claimed in
any one of «claims 38 to 44 in which- there are a
plurality of global connection paths for .each row and
column of cells 'in a zone.
46. A semi-conductof integrated circuit as claimed in
claim 45 in which there are four global connection paths
for each row and column of cells.
47. A semi-conductor integrated circuit as claimed in

any one of claims 38 to 46 in which there are a
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plurality of medium connection paths for each row and
column of.cells of a zohe.

48. A semi-conductor integrated. circuit as_claimed.in
claim 47 in which there are four medium conﬁection paths
for each row énd column. |

49. A semi-conductor integrated circuit as claimed in
any one of claims 38 to 48 in which each medium
connection path is selectably connectable with ‘an output
énd/or input of one or more cells. | -

50. A semi-conductor integrated circuit as claimed in
any one of ciaims 38 to 49 and comprising further global
routing resources comprising horizdntal and vertical
buses extending across - a zone horizontally and
vertically respectively, and which are connectable with
the port cells and with one another.

51. A semi-conductor integrated- circuit as claimed in
claim 50 in which the further hofizontal.and vertical
buses are not connectable to the cells; .

52. A semi-conductor integrated circuit as claimed in
claim 50 or 51 in which there is one such quther'global
connection bus for each row and column of célls.

53. A semi-conductor integrated circuit as claimed in

claim 52 in which there is a connection between the

‘ horizontal and vertical buses for each cell.

54. A semi-conductor integrated circuit as claimed in

any one of claims 38 to 53 comprising horizontal and
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vertical po;t cells,: thewporting.arrangement.of ﬁhich
permits resources to be. routed from the global lines
through to the medium lines and thereby-ihto the cells.
55. A semi~conductor integrated circuit-as claimed in
any one of claims 38 to 54 in which the general
interconnect structure (global and medium buses) are
interconnectable with special interconnect structure,
for example clocks and tristates, by way of the port
cells. '
56. A senmi-conductor integrated circuit as claimed in
any one of claims 38 to 55 further comprising.clock
distribution channels, preferably comprising a vertical
clock bus (witﬁ say 8-lines) extending between clock
pads to top and bottom of the array, a horizontal clock
distribution spine (with say 8 lines), extending between
clock pads to opposite sides of the array and
intersecting with the vertical clock bus.
57. A semi-conductor integrated circuit as claimed in
claim 56 in which.there is a vertical clock distribution
spine for ' each zone (conveniently tapped off from the
horizontal clock spine) by which clock and reset signals
are distributed to the vertical port cell of that zone.
58. A semi-conductor integrated circuit as claimed in
claim 56 or 57 in which alternate core cells haQe clock
and reset signal lines. |

59. A semi-conductor integrated circuit as claimed in
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any one of claims 38 t6 58 in which each cell has a
common logic function' and at least one subsidiary
function, there being at least two different subsidiary
functions, the <core cells being grouped in tiles
comprising a motor array of the core cells and wherein
each tile has at least one of each different subsidiary
functions.
60. A semi-conductor integrated circuit as claimed in
claim 59 in which the different subsidiary fuhctions
comprise:- wired-OR; XOR; D-type f£flip flop and latch
functions. |
61. A semi-conductor integrated circuit as claimed in
claims 59 or 60 when' appended to c¢laim 54 comprising
dedicated connection lines with the horizontal port
cell (specifically wired -OR buses (say 5)) running

across each zone and connecting directly with the wired

'-OR core cells.

62. A semi~conductor integrated circuit as claimed in
claim 61 in whiqh conhection of the wired -OR buses'may
be made to a certain (réstricted) number of global
buses, for example by way of the horizontal port'cells.

63. A semi-conductor integrated circuit as claimed in
claim 55 when appendant to claim 50 in which there are'
wire -OR connections between the further global
hoiizontal buses and say three horizontal global buses.

64. A semi-conductor integrated circuit constructed
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and arranged substantially. as hereinbefore described

with reference to and.as illustrated in the accompanying

drawings.
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