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PROGRAMMABLE LOGIC CELL AND ARRAY

Cross Reference to Rélgted Patents and Applications
The following U.S. patents and applications are

related and are incorporated herein by reference: U.S.
5 patent 4,700,187 for "Programmable Asynchronous Logic
Cell and Array", U.S. Patent 4,918,440 for
"Programmable Logic Cell and Array", Application No.
07/378,106 filed July 11, 1989 for "Programmable Logic
Cell and Array", and Application No. 07/427,160 filed
10 october 25, 1989 for “"Programmable Logic Cell and
Array".
This invention relates to the field of digital
'5logic circuits and, more particularly, to programmable
and reprogrammable logic devices.

a 0 v
U.S. Patent Application No. 07/427,160, describes
a two dimensional array of programmable logic cells.
' Each of these cells accepts two "A" inputs, one each
~from two of its nearest neighbor cells in the array and
_two "B" inputs, one each from the other two of its
5nearest neiqhbors. Each cell performs selected
operations on one of the "A" inputs and one of the "B"
inputs to generate outputs on two "A"™ outputs and two
"B" outputs. There are exactly four unique
combinations of inputs to (or outputs from) such cells,
i.e., the "A" inputs can come from the nearest neighbor
cells to (1) the North and East, (2) the North and
West, (3) the South and East, or (4) the South and West
- and the "B" inputs come from the other two cells. The
four cells having these four combinations of inputs are
35 identified as cells 20A, 20B, 20C and 20D of Figs. 1
and 2A-2D of the '160 application. As discussed in the
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bl e Logi c‘@lﬁy‘?ﬂa‘Array", and US-A-5 019 736 for 'Pro- gramwgﬁréuﬁg‘g’%”s'
Cell and Array'. Field of the Invention_T@is invention relates to the field
LOf digital logic cir- cuits and, nore particularly, to programmble and re-
progranmmabl e | ogi ¢ devi ces. Background of the Invention

'160 application, these four combinations of inputs can
be recorded as four orientations of the cell. The
limitations on the directions from which the inputs are
received and the directions in which the outputs are
sent impose severe design limitations on the use of
such cells in an array of cells. If cells'of'cnly one
type are used, signal propagation in the array can go
in only one direction in each dimension.
Alternatively, as shown in Fig. 1 of '160 application,
the four cell types can be assembled into one array to
provide for signal flow in both directions in both
dimensions. However, this arrangement tends to be
inefficient in its use of cells. '
One object of the present invention is to provide
15 @ logic cell for use in a programmable logic array,
wherein each logic cell is functionally identical.
Another object of the present invention is to
provide a means for transmitting data within the array
by means other than the interconnection of individual
20 logic cells so as to minimize the time required to
transmit data within the array.

5
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Supmarv of the Invention
The present invention is an array of programmable
2s logic cells. In a preferred embodiment,'each logic
cell has at least eight inputs, eight outputs, means
for multiplexing the eight inputs onto two leads and
logic means that operate in response to the signals on
the two leads and control bits, to produce output
30 signals which are applied to the eight outputs.

The logic cells of the array are arranged in a
two-dimensional matrix such that each cell has four
nearest-neighbor cells, one to its left (or to the
West), one to its right (or to the East), one above it

35 (or to the North) and one below it (or to the South).
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Docunent vQE%?B&ETl 648 di scl oses a program mable logic array conprising a

plurality of logic cells aligned in rows and columms, each cell having

4 nputs and outputs on each of its four Sides, the array further conprising
means for multiplexing the inputs and | ogic neans for generating signals on
the outputs. U S. Patent US-A-5 019 736, describes a two di-

Signal flow is possible in both directions in both
dimensions.

According to the present invention, the logic
cells forming the two-dimensional array are the same.
More specifically, in forming the two-dimensional
matrix, the interconnection of every cell with each of
its four neighboring cells is functionally identical.
In each direction, the cell has two inputs and two
outputs which are connected to the two outputs and two
inputs of the nearest neighboring cell. Since the
inputs and outputs are functionally identical on each
side of the cell, every cell of the array has the same

10

orientation.
In addition, the present invention provides a bus
‘network for transmitting digital data within the array
without requiring the individual cells to act as
logical wires. The bus network has three types of
programmable buses: a local bus, a turning bus and an
express bus, whereby one of each bus type is provided
20 for each row and column of the array. According to the
present invention, the three buses of each row and
column of the array are connected to repeaters so as to
form bus segments, which span a plurality of cells. As
a result, the repeaters partition the array into

25 rectangular blocks of cells to form an arrangement that
can be repeated indefinitely.

- The array of the present invention also inclﬁdes
means for distributing independent timing signals to
each column of cells of the basic array and means for

30 transmitting digital data from either the basic array
of cells or the bus network to an input/output port.

15

These and other objects, features and advantages
35 of the invention may be better understood by referring
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mensi onal WA 92(P8286 progr ammabl e | ogic cells. Each of ‘these cdGHUSILAFNLS -
two "A" inputs, one each fromtwo of its nearest neighbor cells in the
array and two "B" in- puts, one each fromttfe other two of its nearest

nei gh- bors. Each cell perforns sel ected operations on one of the "A"
~inputs and one of the "B" inputs to generate out- puts on two "A" outputs

and two "B" outputs. There are
to the following detailed description, which should be

read in conjunction with the accompany.ng drawing in
which:

Fig. 1 is a schematic illustration of a preferred
embodiment of the invention depicting an exemplary
portion of an array of cells with a bus network
superimposed on the array; '

Fig. 2 is a diagrammatic illustration of an
exemplary portion of the array of cells according to
the present invention;

Fig..s is a block diagram depicting the internal
structure of a cell of Fig. 2;

Figs. 4A-4D are diagrammatic illustrations of a
set of possible states of a logic means in a cell of

i Fig. 3; '

Fig. 5 is a diagrammatic illustration depicting
further details of the bus network superimposed on an
array of cells according to the present invention;

Fig. 6 is a diagrammatic illustration of the

20 interconnection scheme between the array of Fig. 2 and
local bus segnents of the bus network;

Fig. 7 is a diagrammatic illustration of the
interconnection scheme between the array of Fig. 2 and
turning bus segments of the bus network;

25 Fig. 8 is a diagrammatic illustration of the
interconnection scheme between the array of Fig. 2 and
express bus segments of the bus network;

Fig. 9 is a diagrammatic illustration of a set of
connections that can be implemented by a repeater of

30 the bus network;

| Fig. 10 is a block diagram depicting a clock
distribution network according to the present
invention; and: '
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exactly f AYP 9340888 conbi nations of inputs to (or outputs froffFTEUSH/B8I%s

l.e., the "A" inputs can cone fromthe negrest nei ghbor cells to (1) the
Morth and East (2) the North and West, (3) the South and East, or (4) the
South and West and the "B" inputs cone fromthe other two

Fig. 11 is a block diagram depicting the interface
between the array of the present invention and an
input/output port.

etajled Descripti of the | awin )

Fig. 1 depicts a programmable logic array 10
comprising cells 22 and a bus network 12 formed in
accordance with the present invention. Cells 22 are
arranged in a two-dimensional matrix of rows and
columns and are interconnected by bus network 12 by
connections not shown in Fig. 1. The cells are also
interconnected by a two-dimensional array of direct
connections between a cell and its four nearest
neighbors, (i.e., the four cells immediately adjacent
s to the North, East, South and West). The bus network

12, which comprises repeaters 24 and vertical and
horizontal buses 25, 26, 27, provides for the transfer
of data within the array 10 without requiring
individual cells 22 to act as logical wires.

20 Fig. 2 depicts the direct interconnections within
an exemplary portion of the array of cells 22 formed in
accordance with the present invention. As is apparent,
the cells are arranged in a two dimensional matrix with
each cell having four nearest neighbors, one to its

25 left (or to the West), one to its right (or to the
East), one above it (or to the North) and one below it
(or to the South). Each cell 22 has eight inputs 31a,
32a, 33a, 34a, 31b, 32b, 33b, 34b and eight outputs
4la, 42a, 43a, 44a, 41b, 42b, 43b, 44b. Each cell 22

30 is identical with respect to its direct connections to
its four nearest neighbors. To each such neighbor, the
cell provides two outputs and from each such neighbor

' the cell has two inputs. Cell inputs and outputs are
divided into two categories "A" and "B", whereby each

cell has an A input, an A output, a B input and a B
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REPLACEMENVo337bs28s2- cells. The four cells having these four peaypisofio3s.
of inputs are i1dentified as cells 20A, 20B, 20C and 20D of Figs. 1 and
2A-2D of the 736 patent. As dISCUSSGdIIltJWL736 patent, these four

conbi nations of inputs can

output connected to each of its four nearest neighbors.

Between adjacent cells, an A input is always connected

to an A output and a B input is always connected to a B

output. ' i} '

In an illustrative embodiment of cell 22 as shown
in Fig. 3, the cell 22 comprises a four-to-one
multiplexet 52, a six-to-one multiplexer 54 and a logic
unit 56. Logic unit 56 can implement any one of a
plurality of operations, such as, a direct wire, a
switch, a logical NAND function, an exclusive OR
function, a flip-flop or a logical constant. Each cell
is controlled by eight configuration bits that are
supplied to the cell by control lines (not shown) from
a configuration contrel (not shown) such as a
15 read/write memory. The configuration bits are used to

specify which inputs are selected by multiplexers 52,

54 and which operation(s) is implemented by the logic

unit. A clock signal is also provided to each cell by
a clock signal line (not shown).

20 The four "A" inputs 31la, 32a, 33a, 34a are applied
to multiplexer 52 and the four "B" inputs 31b, 32b,
33b, 34b are applied to multiplexer 54. As discussed
below, two other inputs are applied to multiplexer 54
from vertical and horizontal lines 25 of the bus

25 network. Multiplexer 52 connects one of the four "A"
inputs to a lead 55a to logic unit 56. Similarly,
multiplexer 54 connects one of the six "B" inputs to a
lead 55b to logic unit 56. Each multiplexer 52, 54 is
controlled separately by two and three configuration

30 bits, respectively, so as to select one of its inputs.
As a result, there are twenty-four possible
combinations of inputs that can be applied to the logzc
unit 56 via leads S55a, 55b.

Logic unit 56 is a two-input, two-output device

3 yhich selectively implements one of four possible
R
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be recordd¥O22/0838% orientations of the cell. The linmta- tioﬁgéﬁs?wgsm

directions fromwhich the inputs are re- celved and the directions in which
tthe out puts are sent inpose severe de5|gn ITm tations on the use of such
cells in an array of cells. If cells of only one type are used, signal
propagation in the array can go in only one direction in each dinension.

combinations of operations as specified by tﬁo
configuration bits. Logic unit 56 performs the
selected operation on the input signals on leads S5a,
55b so as to generate output signals on leads S7a, S7b.
The signal on lead 57a is applied to the "A" outputs
4la, 42a, 43a, 44a and the signal on lead 57b is
applied to the "B" outputs 41b, 42b, 43b, 44b. As
discussed below, the'signal on lead 57a can also be
provided to the bus network via driver 86 under control
of another configuration bit.
Preferably, logic unit 56 comprises a NAND gate
61, an XOR gate 63, a flip-flop 65 and two four-to-one
multiplexers 67, 69. The operation of logic unit 56 is
determined by the state of multiplexers 67, 69, which
15 are controlled in tandem via the two configuration
bits. Figs. 4A-D illustrate the four configurations
(or states) in which the logic unit may be placed.
More specifically, Fig. 4A illustrates a first
configuration, wherein the four "A" outputs are
20 logically connected to a single selected "A" input and
the four "B" outputs are logically connected to a
single selected "B" input. Fig. 4B illustrates a
second configuration, wherein the selected "A" input is
logically connected to the four "B" outputs and the
25 selected "B" input is logically connected to the four
"A" outputs. Fig. 4C illustrates a third configuration
in which a logical NAND function and a logical
exclusive OR function are implemented by the logic unit
56. The logical NAND of the selected "A"™ input and the
30 selected "“B" input is provided on the four “A" outputs.
The logical exclusive OR of the selected "A" input and
the selected "B" input is provided on the four "B"
outputs. Finally, Fig. 4D illustrates the
implementation of a D-type flip~flop. In this
35 configuration, the signal on the selected "B" input is
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Alternatlv ?92/0ass shown in Fig. 1 of '736 patent, the four cerFr{'S'/?)gels{ can
be assenbled into one array to provide forgsignal flow in both directions
kn both di mensions. However, this arrangenent tends to be inefficient in
its use of cells. One object of the present invention is to provide a logic
cell for use in a programmable | ogic array, wherein

applied to the enable input of the flip-flop to control

whether the flip-flop maintains its previous state or |

reads in data supplied via the selected "A" input lead.

The output of the flip-flop is provided on the four L

outputs. A logical "1" (or high sigﬁal) is provided on

the four "B" outputs. As shown in Fig. 10 below, each

D flip-flop also has a clock input which controls the

timing of changes in the state of the flip-flop.

Fig. 5 illustrates the connection of the bus
network of the present invention to the cells of the
array 10 (the direct connections between the cells have
been omitted for clarity). One local bus 25, one
turning bus 26 and one express bus 27 are provided for
each row and each column of the array.

15 Repeaters 24 partition each bus into bus segments.
Each bus of a given row or column of the array is
connected to a repeater 24 at every "n" consecutive
cells with the result that the array is partitioned
into n x n blocks of cells 22. For example, as shown

20 in Figs. 1 and 5, repeaters 24 are positioned so as to
span eight consecutive cells 22, thereby forming an & x
8 block of cells. As suggested in Fig. S, this
arrangement is repeated indefinitely to form arrays of
whatever size is desired. Note, however, that the

25 direct connections illustrated in Fig. 2 are continuous
throughout the array and are not disrupted by the
repeaters or the bus network.

Fig. 6 depicts the interconnection between cells
22 and the local buses of the bus network for an 8 x 8

30 block of cells. As shown in Fig. 6, the bus network
comprises eight vertical local bus segments 25a - 25h
and eight horizontal bus segments 25i - 25p. Each
local bus segment 25a - 25p spans eight consecutive
cells. As shown in Fig. 6, leads 72, 74 provide inputs

35 to each cell 22 from its associated horizontal and

10
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WO 92/08286 PCT/US91/08095
each logic cell is functionally identical. Another object of the present
i nvention is to provide a neans for traasgriiting data within the array by
means ot her than the interconnection of individual logic cells so as to
mnimze the time required to transmt -data mnthln the array. Summary of
the Invention

vertical local bus. However, cell 22 can only transmit

data via a lead 76 to one of the horizontal or vertical

buses depending on the location of the cell 22 within
the array. In particular, a checkerboard pattern is
used to determine whether a given cell transmits data

to a horizontal bus or a vertical bus. Thus, if a

given cell 22 transmits data to a horizontal bus, then

the four cells 22 immediately adjacent to that cell,
transmit data to the vertical local bus, and

ujgigg versa. Illustratively, the cell 22 in the upper
left corner of the array transmits data to its
associated horizontal local bus; and the other cells
alternate their connections in the checkerboard
pattern. '

15 As shown in Fig. 3, leads 72, 74 from the
horizontal and vertical buses are connected to each
cell 22 through a horizontal local bus input 82 and a
vertical local bus input 84 of the six-to-one
multiplexer 54. Data is transmitted from the cell to

20 the locai bus segment by means of driver 86, which is
connected to the "A" ocutput of each cell 22.

Driver 86 is controlled via two input lines 88, 89
to provide a tri-state or open-collector function. The
tri-state function, which is independently programmable

25 for each cell via a configuration bit, allows driver 86
to be electrically disconnected from the local bus when.
the cell is not used to transmit to the local bus.

The open-collector function indicates to a
particular cell whether any other cells are currently

30 driving the same local bus segment. In the event a
local bus segment is unused (i.e., no drivers are
transmitting to the local bus segment), the open-
collector capability is turned on and the local bus
segment is pulled high through a passive pull-up

35 resistor. Thus, any unused local bus segment provides

5
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The presemOi9R40828G on is an array of progranmabl e |ogic cel | SPEE/SSRI/QRPS5 | n
claiml1l. In a preferred enbodi- nent, each logic cell has at |east eight
knputs, eight out- puts, nmeans for nul td ploexd ng the eight inputs onto two
| eads and | ogi c nmeans that operate in response to the signals on the two
| eads and control bits, to produce out- put signals which are applied to
t he ei ght outputs.

a logical "1" to any cell reading the bus segment. If

only one cell is transmitting to a given local bus

segment, the open-collector function of driver 86 of

all cells capable of driving that bus. segment is off,
and the driver of the transmitting cell can output
either an active "1" or active "O0". If more than one
cell is driving the same local bus segment, the open-
collector function of the drivers of all the cells
capable of driving that bus segment are turned on to
provide a wired-AND function. More specifically, if
any one of the outputs of the cells driving the local
bus segment is a logical "0O", then the bus segment is
pulled low, thereby providing a logical "O" to any cell
reading the bus segment.

15 Fig. 7 depicts the connection scheme for the
'turning buses of the bus network for an 8 x 8 block of
cells 22. These buses provide connections between the
horizontal and vertical buses. Similar to the local
bus segments there are sixteen turnihg bus segments 26a

20 - 26p associated with an 8 x 8 block of cells, eight
turning bus segments 26a - 26h running vertically and
eight turning bus segments 26i - 26p running
horizontally. Each turning bus segment traverses eight
orthogonal turning bus segments for an 8 x 8 block of

25 cells and is connected to the eight orthogonal turning
bus segments through a programmable connection that is
schematically represented by the circle 87 at the
intersection of each pair of orthogonal bus segments.
Illustratively, the connection can be effected by a

30 pass transistor controlled by a configuration bit that
is provided to the transistor by a control signal line
(not shown) from a configuration control (not shown).
These connections allow data transmitted on a

horizontal bus to be routed to a bus transmitting data
35
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The | ogi c%%??’s?sﬁthe array are arranged in a two- di nensi ong /L?I’IX such

that each cell has four nearest- neighhorycells, one to its left (or to the
Vest), one to its right (or to the East), one above it (or to the North)
and one below it (or to the South). Signal flowis possible in both
directions in both dinensions.

in the vertical direction, and vice versa, thereby
providing for 90° turns within the bus network.
Fig. 8 illustrates the connection scheme for the

express buses of the bus network for an 8 x 8 block of
5cells 22. As was the case for the loéal and turning
bus segments, there are 16 express bus segments 27a -
27p for an 8 x 8 block of cells. However, unlike the
local or turning bus segments, the express bus segments
are connected solely to the repeaters 24. Thus, an
express bus segment is the fastest means provided for

transmitting data between two repeaters of a given row

10

or column.
Repeaters 24 connect the bus segments of ocne n x n
block of cells to the bus segments of the adjacent n x

45 b block of cells. Each repeater 24 is programmable so
as to allow any one of the three bus segments connected
to ports on one side of the repeater to be connected to
any one of the three bus segments connected to ports on
the other side of the repeater. Thus, each repeater

20 has the functionality of a 3 x 3 crossbar switch. 1In
particular, a bus segment connected to one side of the
repeater has four connection options with the opposite
side of the repeater. For example, a local bus segment
connected to one side of a repeater can be connected to

25 either the local bus, the turn bus, or the express bus
connected to the other side, or it can be terminated
(i.e. the local bus connected to one side of the.
repeater is not connected to any bus on the other
side).

30 Fig. 9 illustrates the various connections that
can be made between the ports of the repeater. As will
be appreciated by those skilled in the art, numerous
devices can be used to implement such connections and
numerous other connection arrangements are possible.

is Sheet Has Been Replaced.
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- 3- Accor dvodaves2Bée present invention, the logic cells form pgrys91/08095
t wo-di nensional array are the same. More specifically, in formng the

two- di nensi onal matrix, the interconneciigp of every cell with each of its
four nei gh-

Another function of each repeater is to provide
signal regeneration. Illustratively, this is
accompliéhed by providing a driver for each bus line.
As a result, each repeater connection.is
unidirectional. Advantageously, the direction of
Signal flow for each repeater connection is
programmable.

The array of the present invention also provides a
clock distribution network for the distribution of
clock signals to the D-type flip-flops 65 in the cells
22 of the array. The clock distribution network is
partitioned by column so as to provide independent
timing signals to each column of cells of the array.
Fig. 10 depicts a clock distribution network comprising
one multiplexer 90 for each column of the basic array.
Each multiplexer 90 has four inputs and one output.

The four inputs to the multiplexer are: an external

clock, a logical consfant, the express bus adjacent to

the clock distribution network and the "A" output of

20 the cell at the head of the column. The output of the
multiplexer of a given column provides the clock signal
to D-type flip-flop 65 of each cell 22 of the given
column,

In response to two configuration bits, each

25 multiplexer selects a signal from one of its four
inputs and provides such signal as a clock signal to
each cell in its column. The external clock inpdt
allows an external timing signal to be connected to any
or all the columns of the array. The logical constant

30 input can be used to provide a logical "0" to columns
containing no registers so as to reduce power
diséipation. The express bus input can provide a
secondary clock to multiple columns when the external

clock line is used as a primary clock. The fourth
35
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‘ boring cells

Is functionally |dent|cal In each direction the cell has two

I nputs and two outputs which are con- nected to the two outputs and two
~inputs of the nearest neighboring cell. dihce the i nputs and. out puts are
“func- tionally identical on each side of the cell, every cell of the array

has the sane

10

20

25

30

35

orientation. In addition, the present invention provides a bus
input, the "A" output, can provide a clock signal to a
single column of cells.

Fig. 11 is a block diagram of the interface
between the array and an input/output-port 92,
hereinafter referred to as an I/0 pad. According to
the present invention, for each I/0O pad 92 the
interface comprises an input buffer 94, an output
buffer 96, a four-input multiplexer 98 and two
two-input multiplexers 100, 102. Additionally, there
are two adjacent cells 22 on the perimeter of the basic
array dedicated to each I/0 pad, one cell being
dedicated as the "input"” cell 93 and the other as the
"output" cell 95. _

As shown in Fig. 11, the output buffer 96 and
input buffer 94 are both connected to the I/O pad %2.
The input buffer 94 drives the input cell 93 through
the edge-facing "A" input of the input cell. The edge-
facing "A" output of the output cell 95 is connected to
the output buffer 96 via two-to-one multiplexer 102.

The interface logic is controlled via programmable
confxguratlon bits. For example, the threshqld level
of the input buffer 94 is selectable to either TTL or
CMOS and the slew rate of the output buffer is
variable. Other selectable functions include an open-
collector function on the output buffer, the enabling
of a pull-up transistor on the I/0O pad to prevent
unused I/O pads from floating, and a global override so
as to tri-state all output buffers at power up.

The output buffer 96 is programmable to one of two
states: a "CONFIGURE" mode or a "RUN" mode. In the
CONFIGURE mode, a control signal providing
configuration data is connected to the output buffer 96
via multiplexer 102 and a control signal is connected
to the tri-state function of ocutput buffer 96 via
multiplexer 100. In the RUN mode, the A output of the
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network fOVORAMEtting digital data within the array with- SGI/VERYMIPEg
the individual cells to act as logical wires. The bus netwirk has three
types of programmabl e bus- es: a |ocal =bd4, =a turning bus and an express
bus, where- by one of each bus type is provided for each row and col um of
the array. According to the present invention, the three buses of each row

and colum of the array are
output cell 95 is connected to the output buffer 96 via

multiplexer 102 and a control signal is connected to
the tri-state function of the output buffer 96 via
multiplexers 98, 100. .

Two configuration bits control multiplexer 98 to
select one of four signals for controlling the tri-
state function of the output buffer 96. One of the
four control signals is a logical "0", which turns the
tri-state function of the output buffer 96 off, thereby
allowing the output buffer to transmit to the I/O pad
92 (i.e., I/O pad can function only as an output port).
A second contrel signal is a logical "1i", which turns
the tri-state function of the output buffer 96 on,
thereby electrically disconnecting the output buffer 96
15 from the I/O pad 92 (i.e., I/O pad can function only as

an input port). The third and fourth control'signals
are the signals transmitted on the output cell's 95
associated local vertical and horizontal bus. The
signals transmitted on the bus are either a logical
20 high or logical low and function to control the I/0 pad
as described above. '
Finally, each input cell 93 and each output cell
95 associated with an I/0 pad 92 are connected directly
to express buses. As shown in Fig. 11, the edge-facing
25 A input of the cutput cell 95 and the edge-facing A
output of the input cell 93 are connected to express
buses 104, 106. These buses provide a rapid means of
routing input/output signals into and out of the array.
The -logic cells of the present invention make the
‘30 array especially well-suited for register-intensive,
arithmetic and logic applications. This is
accomplished by the inclusion of a register and a half
adder (XOR and NAND) in the logic unit of each cell.
Any of the basic logic functions can be implemented by
3% interconnecting multiple cells and répetitively

10
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connected to repeaters so as to form bus segments, which span a plurality

of cells. As a result, the repeaters pgr&%tLpn the array into rectangul ar
blocks of cells to forman arrangenent that can be repeated indefinitely.
The array of the present invention also includes neans for distributing

I ndependent timng signals to each colum of cells of the basic array and

means for performing the exclusive OR and NAND function. For
example, to produce the logical AND, OR and NOR
functions, each of three cells can be configured to the
state shown in Fig. 4C, in which the "A" output of the
first cell provides the logical NAND of the selected
"A" and "B" inputs and the "B" output provides an'
exclusive OR function of the "A" and "B" inputs. The
"A" and "B" outputs of the first cell are then applied
to the "A" and "B" inputs of the second cell. The
outputs of the second cell are connected to the third
cell in a similar manner. For this interconnection
arrangement, the outputs of the second cell provide an
exclusive NOR function and a NOR function of the input
signals of the first cell and the outputs of the third
15 cell provide an AND function and an OR function of the
inputs of the first cell.

From the foregoing description of the invention,
numerous alterations, modifications and improvements
will be readily apparent. Other connection schemes may

20 be used in conjunction with the bus network. For |
example, an additional bus may be incorporated whereby,
every third repeater is connected so as to form a super
express bus. In addition, the cells of the present
invention can be modified so as to implement different

25 operations, or a different number of operations or to
accommodate additional inputs or provide more outputs.
Of particular interest, while the invention has been
described in the context of a two dimensional array of
cells in which connections are provided at each cell

30 with its nearest-neighbor cells in both directions in
two dimensions (i.e., to the North and South, to the
East and West), this connection pattern can also be
extended so as to provide connections to other nearest-
neighbor cells in one or both directions in additional

35 dimensions. In particular, for each additional

10
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transmttWQ92/0828&| data fromeither the basic array of cel | BCHUSHE0899E
network to an input/output port. Brief_DggcLiption of the Drawi ngs These
and ot her objects, features and advantages of the invention nay be better
understood by referring to the follow ng detail ed description, which should
be read in conjunction with the acconpanying drawing in

dimension, each cell of the two dimensional array has
an additional two neighboring cells and therefore must
provide for an additional two A inputs and two B
inputs, one A and one B input from each cell and an
additional two A outputs and two B outputs, one A and
one B output to each cell. Finally, although the cells
of the preferred embodiment are conceptually located on
a plane, it is possible to connect the cell inputs and
ocutputs on one edge of the array to the inputs and
outputs of the cells on the opposite edge of the array.
For example, in a two dimensional array, connecting the
cells on two opposite ends of the array results in an
array that can be conceptually viewed as a toroid.
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whi ch: Fi g.W@ 92408286 chematic illustration of a preferred em bROTHEE21/98095

the invention depicting an exenpl ary REPLACEMENT SHEET
. —_

A g

What is claimed is:

1. A programmable logic array comprising:

a plurality of logic cells, wherein each cell
except those at the edges of the array has four
nearest-neighbor cells, one to the left (or West), one
to the right (or East), one above (or to the North) and
one below (or to the'SOuth) so as to form an array in
which said logic cells are aligned in rows and columns,
each cell comprising:

eight inputs, two from each of its four

10

nearest neighbors, .
eight outputs, two to each of its four
nearest neighbors,
15 ~ means for storing a plurality of control
bits,
means for multiplexing the eight inputs onto
first and second input leads, the inputs connected to
said input leads being specified by control bits stored
20 in said storing means, and
logic means for generating signals on said
outputs in response to signals on said input leads and
control bits stored in said'storing means.

25 2. The apparatus of claim 1 wherein a logic cell
receives two inputs from each nearest-neighbor cell and
provides two outputs to each nearest-neighbor cell.

3. The apparatus of claim 1 wherein the inputs
30 and outputs associated with the four nearest-neighbor
cells are functionally equivalent.

4. The apparatus of claim 1 wherein the logic

means implements a pair of Boolean logic functions.
35
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" 4- porti%ﬁ)%ym§ﬁ6array of cells with a bus network su- peLiJ§H¥8§98ﬁBF#E

array; Fig. 2 is a diagrammatic illustraggon of an exenplarmn ortion of

array of cells according to the present invention; Fig. 3! ,m"““""mmile,

di agram depi cting the internal struc- c i RERL U

5. The apparatus of claim 1 wherein the logic
means implements an exclusive OR and a NAND function.

6. The apparatus of claim 1 wherein the logic
means implements a flip-flop. )

7. The apparatus of claim 1 wherein the logic
means provides a constant logic signal to at least one
of the outputs.

10

8. - The apparatus of claim 1 wherein the
multiplexing means comprises first and second
multiplexers each of which has at least four inputs,
each of said four inputs to the first multiplexer

;5 coming from a different nearest-neighbor cell and each
of said four inputs to the second multiplexer coming
from a different one of the same nearest-neighbor cell.

9. The apparatus of claim 1 wherein the logic
20 Means has two output leads, one of which fans out to
four of said outputs and the other of which fans out to
the other four outputs.

10. The apparatus of claim 1 wherein at least

25 three of said cells are connected in series with the
outputs of a first cell connected to the inputs of a
second cell and the ocutputs of said second cell are
connected to the inputs of third cell, whereby when
each cell provides an exclusive OR and logical NAND

30 function on its outputs in the respect to its inputs
the first cell provides at its outputs the exclusive OR
and NAND of its inputs, the second cell provides at its
outputs the exclusive NOR and NOR of the inputs to the
first cell, and the third cell provides at its outputs

35 the AND and the OR of the inputs to the first cell.
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ture Qf__a__CEMLQ-——Z-; Fi gs 4A- 4D are diagrammatic il ust rPa |/gr?s?‘60fso95
set of possible stat | ogi ¢ neans in g ¢ cell of Fig. 3; Fig. 5is-a
i agrall:lmum“ Ir“uﬁ‘lu}lﬁn depicting furthet?details of the bus network
superi ay of cells according to the present invention;
Fig. 6is a dlagrannatlc il lustration of the intercon-

11. 1In a two dimensional array of logic cells,
each cell except those at the edges of the array having
four nearest heighbors so as to form rows and columns
of said cells, a bus network for transmitting signals
within the array comprising:

a local bus, a turning bus and an express bus
provided for every row and column of the array formed
by said cells,

' repeater means for driving said buses, said
repeater means partitioning said buses of a given row
or column so as to form bus segments, each bus segment
spanning a plurality of said logic cells.

10

12. The apparatus of claim 11 wherein the
repeater means forming the bus segments are aligned in
rows and columns which partition said array of cells
into rectangular blocks of said cells.

15

13. The apparatus of claim 11 wherein each local

70 bus segment is connected to every cell spanned by that

bus segment so as to provide an electrical connection
between the cells and the bus network.

14. The apparatus of claim 11 wherein each
‘ 25 turning bus segment provides an electrical connection
to all orthogonal bus segments between a row of the
array and a column of the array. ;

15. The apparatus of claim 11 wherein the express
30 bus segment is connected solely to the two repeater
means forming said express bus segment.

16. The apparatus of claim 11 wherein the

repeater means is programmable to connect any bus
35 :

This Sheet Has Been Replaced

[T




nection sWR:SR0886veen t he array of Fig. 2 and lo- cal bus s
bus network; Fig. 7 is a diagranmatic illustration of thé 1ntercon- nﬁﬂ!

scheme between the array of Fig. 2 and'tl?rOm‘ng bus segnent ﬂlﬁmm‘tm
network; Fig. 8 is a diagrammatic illustration of the inte A
scheme between the array of Fig. 2 and ex-

connected to one side of the repeater means to any bus
connected to the other side of the repeater.

17. The apparatus of claim 11 wherein the
repeater means provides electrical signal regeneration
for each programmable connection.

18. The apparatus of claim 11 wherein the
repeater means is programmable so as to select the
electrical signal direction through the repeater means
for a given bus connection.

10

19. A programmable lcgic array comprising:
a plurality of logic cells, wherein each cell
15 except those at the edges of the array has four nearest
neighbors, one to the left (or West), one to the right
(or East), one above (or to the North) and one below
(or to the South) so as to form an array in which said
cells are aligned in rows and columns, and
20 clock distribution means for providing
independent timing signals to said logic cells, said
clock distribution means comprising one multiplexer for
each column of the array, each'multiplexer having a
plurality of inputs and one output, said output being
25 connected to each logic cell in the given cblumn.

20. The apparatus of claim 19 wherein said ’
multiplexer in the clock distribution means has four
inputs, a first input to said multiplexer being a

30 constant logical signal, said second input coming from
an external timing source, said third input coming from
an express bus and said fourth input coming from the
output of a logic cell.

35
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¢ WO 92/08286 08095
press bus segnents of the bus network; Fig. 9 is a diagrannaii%ﬁ”yus,u

I Flustration of a set of con- nections t¥wa2icen be inplenented by a
repeater of the bus network; Fig. 10 is a bl ock diagram depicting a clock
distri- bution network; and Fig. 11 is a bl ock di agram depicting the
I nterface

21. The apparatus of claim 19 wherein the timing

signal provided to the logic cells of a given column of

the array is independent from the timing signal of any |
other column of the array.
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bet ween t hgoayayguegef the present invention and an input/outpu . 8095
Detail ed Description of the Drawings Fig. 1 depicts a progran#ﬁ@?gg?gglc

array 10 com prising cells 22 and a bus network 12 forned in accord- ance
with the present invention. Cells 22 are arranged in a two-di nensional

matri x of rows and colums and 04/
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are inter cwne2/08286by bus network 12 by connections not shown RCT/EIS31/08095

The cells are also interconnected by a two-di nensi onal
and its four nearest neighbors,

connecti ons be-

tween a cell

array of direct

(i.e

, the

four cells immediately adjacent to the North, East, South and
1
4iq 41b
3la 31b
ANA B Bn ANA B By ANA B Bn
—> Aw A B394, A [, A
—A Agreci2dl A Ag 2] A Aghe
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- 5- V‘ést).wﬂ1%2’3§?§6net\/\ork 12, which conprises repeaters 24 arRCIMVUSH1/08095
and horizontal buses 25, 26, 27, provides for the transfer of data within
the array 10 without requir- ing individual cells 22 to act as | ogical
wires. Fig. 2 depicts the direct |nterconn§7t|ons W thin an
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exenpl ary ;%?t’?/gﬁz%f t he array of cells 22 formed in ac- cor daRCEUS080DE

present invention. As is apparent, the cells are arranged in a two
di mensional matrix with each cell having four nearest neighbors, one to its

left (or to the West), one to its right (or to the East), one above it- (or

to the North) and one below it (or to the i?yth). Each cell 22 has eight
/

I nputs 3l1la, 32a, 33a, 34a, 31b, 32b,
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‘33b, 34bwD@2/88286& outputs 4la, 42a, 43a, 44a, 41 b, 42b, 43BCT/ARP/8023
cell 22 is identical with respect to its di- rect connections to its four
,nearest nei ghbors. To each such nei ghbor, the cell provides two outputs and
from each such nei ghbor the cell has two i ts. Cell inputs and outputs
are divided into two categories "A" and "B’/”whereby each cell has an A

| nput, an A output, a B input

o 26
27y /25
T T T O T T A T [ {
— ] 1 g OO OO O e
SO | S
3' o —— 4 A " - r g__lf
2526 I ' | H | [ H o225
3 ——r——— —_. -+ — _:
— - a -1 . 122_
5_——; o Y * + - + e =
_ o] 0} s L 22 _
:’-—f o > aam > =
: H a i 1 —
| o~ *- a na + > e
- 1 Rg M 14 M —
r- - - — - - =
3‘_—\ —Fet— — e & E— — —
— - - - - » =t -
3—— > e " : ; :
— ] ] ] 4 g | g
—_ [ —
3‘___ >4 o 2 g > T 4 h Ad '-—
- - - ot - = = -
26
. | N5
i FooHb ||

FIG. 5

-

is Sheet Has Been Replaced :

Ty I




&

and a B outpu? connected to each of its four nearest nelghbor§"rﬁgﬁﬁgéﬁm95
adj acent cells an A input.is always connect d to an A output and a B i nput
is always con- nected to a B output. In al/yf | ustrative enbodi ment of cel

22 as shown in Fig. 3, the cell 22 conprises a four-to-one multiplexer 52,
a six-to-one multiplexer 54 and a logi'c unit 56. Logic
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¢ W0.92/(?8286 : . PCT/US91/08095
unit 56 can inplenent any one of a plurality of opera- tions, such as, a
direct wwre, a swwtch, a logical NAND function, an exclusive OR function, a
flip-flop or a |logical constant. Each celf#//As controlled by eight
configuration bits that are supplied to the cell by control Iines (not
shown) froma configuration control (not shown) such as a read/wite
menory. The configuration bits are used
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’ . WO .
to speci fy WAL EN Fhouts are sel ected by multipl exers 52, 54 anRCHit{S91/08095

operation(s) is inplenented by the |ogic lj%} A clock signal is also

provi ded to each cell by a clock signal Ii (not shown). The four "A"
inputs 31 a, 32a, 33a, 34a are applied to nultiplexer 52 and the four "B"
inputs 3 b, 32b, 33b, 34b are applied to nmultiplexer 54. As discussed bel ow
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two ot her |A83?é are applied to nmultipl exer

hori zont al
tthe four

| i nes 25 of the bus network.

"A" inpu

ts to a | ead

—

Mul

54 fromver-

- 6PCT/E391/0895

q%# pl exer 52 connects one of
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I nputs to a lead 55b to logic unit 56. Each nultiplexer 52, 54 is

.controlled separately by two and three
as to sel ect one of

si bl e conbi nati ons of
| eads 55a, 55b.

its inputs.

As are

o

guration bits,
there are twenty-four pos-

I nputs that can be applied to the logic unit 56 via

respectively,
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Logic unit ‘gg?zéosgsfv\/ol nput, two-output device which selecti VW’US”IM
| mpl ements one of four possible conbina- tions of operations as specified
by two configuration bits. Logic unit 56 performs the selected operation on
the in- put signals on | eads 55a, 55b so'ﬁ@ to generate output signals on
| eads 57a, 57b. The signal on |ead 57a i p- plied to the "A" outputs 41la,

42a, 43a, 44a and the signal
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on Iead 57b is applied to the "B" outputs 41 b, 42b, 43b, 44b. ﬁ&§>8|s§ns§3d
bel ow, . ¥ he si g’ﬂaﬂShm’qHP_. a Replacedan 31 so be provided to the bus network via
driver 86 under| ther configuration bit. Preferably, |ogic
umit 56 conprls 61, an XCR gate 63, a flip-flop 65 and two
four-to-one nul - |p exers 67 69 The openat-i on of logic unit 56 is deter-

PROGRAMMABLE LOGIC CELL AND ARRAY
C s Reference to ated Patents and 2 ications

The following U.S. patents and applications are

related and are incorporated herein by reference: U.S.

5 patent 4,700,187 for "Programmable Asynchronous-Logic
Cell and Array", U.S. Patent 4,918,440 for
"programmable Logic Cell and Array", Application No.
07/378,106 filed July 11, 1989 for "Programmable Logic
Cell and Array", and Application No. 07/427,160 filed

10 october 25, 1989 for "Programmable Logic Cell and
Array".

jeld of the Invention
This invention relates to the field of digital
loglc circuits and, more particularly, to programmable
and reprogrammable logic devices.

a und o Inventi
U.S. Patent Application No. 07/427,160, describes

a two dimensional array of programmable logic cells.
Each 6f'these cells accepts two "A" inputs, one each
from two of its nearest neighbor cells in the array and
two "B" inputs, one each from the other two of its
nearest neighbors. Each cell performs selected _
operations on one of the "A" inputs and one of the "B"
inputs to generate'outputs on two "A" outputs and two
"B" outputs. - There are exactly four unique
combinations of inputs to (or outputs from) such cells,
i.e., the "A" inputs can come from the nearest neighbor
cells to (1) the North and East, (2) the North and
West, (3) the South and East, or (4) the South and West
and the "B" inputs come frdm the other two cells. The
four cells having these four combinations of inputs are
. 35 identified as cells 20A, 20B, 20C and 20D of Figs. 1

and_ZA-ZD of the '160 appiication. As discussed in the
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m ned by the state of nultiplexers 67, 69, ﬁhich are con- trolled in tandem

via thertwo configuration bits. Figs. 4A- Dillustrate the four
configurations (or states) in which the logic unit may be pfﬁpggm}ﬁﬁm@mkqmmai

specifically, Fig. 4Aillustrates a first configuration,.
- "A" out- puts are logically connected to-azsingl e sel ect ed :HII
the four "B" outputs are logically connected to

1160 application, these four combinations of inputs can
be recorded as four orientations of the cell. The
limitations on the directions from which the inputs are
recelved and the directions in which the outputs are
sent impose severe design limitations on the use of
such cells in an array of cells. If cells of only one
type are used, signal propagation in the array can go
in only one direction in each dimension.
Alternatively, as shown in Fig. 1 of '160 application,
the four cell types can be assembled into one array to
provzde for signal fiow in both directions in both
dimensions. However, this arrangement tends to be
inefficient in its use of cells.
One object of the présent invention is to provide

15 @ logic cell for use in a programmable logic array,

wherein each logic cell is functionally identical.

Another object of the present invention is to

provide a means for transmitting data within the array
- by means other than the interconnection of individual
20 logic cells so as to minimize the time required to

transmit data within the array.

5

Summary of the Invention
The present invention is an array of programmable
25 logic cells. 1In a preferred embodiment, each logic
cell has at least eight inputs, eight outputs, means
for multiplexing the eight 1nputs onto two leads and
logic means that operate in response to the signals on
the two leads and control bits, to produce output
30 signals which are applied to the eight outputs.

The logic cells of the Array are arranged in a
two-dimensional matrix such that each cell has four
nearest-neighbor cells, one to its left (or to the
West), one to its right (or to the East), one above it

35 (or to the North) and oné below it (or to the South).
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a single selected "B" input. Fig. 4B illustrates a second configuration,
whereir the selected "A" input is logically connected to the four "B"
outputs and the selected "B" input is IoglcalIy1%g@ﬂ§g%ggﬁﬁqmﬁmgdfour "A
.outputs. Fig. 4Cillustrates a third conflguratlo ogi cal NAND
function and a | ogi cal exclusive OR functlon are MH “ﬂl the Iog| o
unit 56. The | ogical NANO of

Signal flow is possible in both directions in both
dimensions. '

According to the present invention, the logic
cells_forming the two-dimensional array are the same.
More specifically, in fornigg the two-dimensional
matrix, the interconnection of every cell with each of
its four neighboring cells is functionally identical.
In each direction, the cell has two inputs and two
outputs which are connected to the two outputs and two
inputs of the nearest neighboring cell. Since the
inputs and outputs are functionally identical on each
side of the cell, every cell of the array has the same

10

orientation.
In addition, the present invention provides a bus
network for transmitting digital data within the array
without requiring the individual cells to act as
logical wires. The bus network has three types of
programmable buses: a local bus, a turning bus and an
express bus, whereby one of each bus type is provided
20 for each row and column of the array. According to the
present invention, the three buses of each row and
column of the array are connected to repeaters so as to
form bus segments, which span a plurality of cells. As
a result, the repeaters partition the array into

25 rectangular blocks of cells to form an arrangement that
can be repeated indefinitely. '

The array of the present invention also includes
means for distributing independent timing signals to
each column of cells of the basic array and means for

30 transmitting digital data from either the basic array
- of cells or the bus network to an input/output port.

15

These and other objects, features and advantages

'35 of the invention may be better understood by r&ERDAYCENENT SHEET
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the seLected "A" input and. the selprted'"B" input-is pro-, vi ded on the four
"A" out’puts. The Togical exclusive OR of the selected "A" input and the
sel ected "B" |nputrm§gﬁagmgﬂaﬂkqmu&me four "B" outputs. Finally, Fig. 4D

il us-

10
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to the following detailed description, which should be
read in conjunction with the accompany.ng drawing in

which:

Fig. 1 is a schematic illustration of a preferred
embodiment of the invention depicting an exemplary
portion of an array of cells with a bus network
superimposed on the array;

Fig. 2 is a diagrammatic illustration of an
exemplary portion of the array of cells according to
the present invention;

Fig..3 is a block diagram depicting the internal
structure of a cell of Fig. 2;

Figs. 4A-4D are diagrammatic illustrations of a
set of possible states of a logic means in a cell of
Fig. 3;

Fig. 5 is a diagrammatic illustration depicting
further details of the bus network superimposed on an
array of cells accordinglto the present invention;

Fig. 6 is a diagrammatic illustration of the
interconnection scheme between the array of Fig. 2 and
local bus segments of the bus network;

Fig. 7 is a diagrammatic illustration of the
interconnection scheme between the array of Fig. 2 and
turning bus segments of the bus network;

Fig. 8 is a diagrammatic illustration of the
interconnection scheme between the array of Fig. 2 and
express bus segments of the bus network; ’

Fig. 9 is a diagrammatic illustration of a set of
connections that can be implemented by a repeater of
the bus network; ' |

Fig. 10 is a block diagram depicting a clock
distribution network according to the present
invention; and
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REPLACENEBE;SHEEI“L1~—%+a%es t he inplenentation of a D-type flip-flop. In
this configuration, the signal on the selected "B" input is ap- plied to

t he enabTtés Sh BSH?FD qd|lpf|0pt0 control whet her thefllpflop
nalntalns u tate or reads in data supplied via the selected "A"

I nput Iea

10

20

- 5§ =

Fig. 11 is a block diagram depicting the interface
between the array of the present invention and an
input/output port.

etajled Descripti of the awi

Fig. 1 depicts a programmable logic array 10
comprising cells 22 and a bus network 12 formed in
accordance with the present invention. Cells 22 are
arranged in a two-dimensional matrix of rows and
columns and are interconnected by bus network 12 by
connections not shown in Fig. 1. The cells are also
interconnected by a two-dimensional array of direct
connections between a cell and its four nearest
neighbbrs, (i.e., the four cells immediately adjacent
to the North, East, South and West). The bus network
12, which comprises repeaters 24 and vertical and
horizontal buses 25, 26, 27, provides for the transfer
of data within the array 10 without requiring
individual cells 22 to act as logical wires. _

Fig. 2 depicts the direct interconnections within
an exemplary portion of the array of cells 22 formed in
accordance with the present invention. As is apparent,

the cells are arranged in a two dimensional matrix with

25

30

each cell having four nearest neighbors, one to its
left (or to the West), one to its right (or to the
East), one above it (or to the North) and one below it
(or to the South).  Each cell 22 has eight inputs 31a,
32a, 33a, 34a, 31b, 32b, 33b, 34b and eight outputs
41a, 42a, 43a, 44a, 41b, 42b, 43b, 44b. Each cell 22
is identical with respect to its direct connections to
its four nearest neighbcrs: To each such neighbor, the
cell provides two outputs and from each such neighbor
the cell has two inputs. -Cell inputs and outputs are
divided into two categories "A" and "B", whereby each
cell has an A input, an A output, a B input an R%PLAC;:
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the flip-flop

I's provided on the four "A" outputs. Alogical "1" (or high

signal)'is provided on the four "B" outputs. As shown in Fig. 10 bel ow,
each O flip-flop also has a clock input which controls the THisSh8d Hef Been Replaced

changes in the state of the flip-flop. Fig. 5 illustrates th :
t he bus network of the present invention tso the cells of theTHmm’mH"Hn?}m g
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output connected to each of its four nearest neighbors.
Between adjacent cells, an A input is always connected
to an A output and a B input is always connected to a B
output. )

' In an illustrative embodiment of cell 22 as shown
in Fig. 3, the cell 22 comprises a four-to-one
multiplexer 52, a six-to-one multiplexer 54 and a logic
unit 56. Logic unit 56 can implement any one of a
plurality of operations, such as, a direct wire, a
switch, a logical NAND function, an exclusive OR
function, a flip-flop or a logical constant. Each cell
is controlled by eight configuration bits that are
supplied to the cell by control lines (not shown) from
a configuration control (not shown) such as a
read/write memory. The configuration bits are used to
specify which inputs are selected by multiplexers 52,
54 and which operation(s) is implemented by the logic
unit. A clock signal is also provided to each cell by
a clock signal line (not shown).

The four "A" inputs 3la, 32a, 33a, 34a are applied
to multiplexer 52 and the four "B" inputs 31b, 32b,
33b, 34b are applied to multiplexer 54. As discussed
below, two other inputs are applied to multiplexer 54

‘from vertical and horizontal lines 25 of the bus

network. Multiplexer 52 connects one of the four "A"
inputs to a lead 55a to logic unit 56. Similarly,
multiplexer 54 connects one of the six "B" inputé to a
lead 55b to logic unit 56. Each multiplexer 52, 54 is
controlled separately by two and three configuration
bits, respectiVely, so as to select one of its inputs.
As a result, there are twenty-four possible
combinations of inputs that can be applied to the logic
unit 56 via leads 55a, 55b. :

Logic unit 56 is a two-input, two-output d
which selectively implements one of four possib




di rect connections between the cells have been onmtted for clarity). One
| ocal bus 25, one turning bus 26 and one express bus 27 are provided for
each row and each colum of the array. Repeat erf,ZéedBhsiHetd I@pla&aCh bus into

bus®segnents. Each bus of a given row or colum ofj it E ‘con- nected
to a repeater 24 at every "n" consecutiwe el IST Iml“lmllm‘“r o .

combinations of operations as specified by two
configuration bits. Logic unit 56 performs the
selected operation on the input signals on leads 55a,
55b so as to generate output signals on leads S7a, 57b.
The signal on lead 57a is applied to the "A" outputs
41a, 42a, 43a, 44a and the signal on lead 57b is
applied to the "B" outputs 41b, 42b, 43b, 44b. As
discussed below, the signal on lead $7a can also be
provided to the bus network via driver 86 under control
of another configuration bit.
Preferably, logic unit 56 comprises a NAND gate
61, an XOR gate 63, a flip-flop 65 and two four-to-one
multiplexers 67, 69. The operation of logic unit 56 is
determined by the state of multiplexers 67, 69, which
15 are controlled in tandem via the two configuration
bits. Figs. 4A-D illustrate the four configurations
(or states) in which the'logic unit may be placed.
More specifically, Fig. 4A illustrates a first
configuration, wherein-the four "A" outputs are
20 logically connected to a single selected "A" input and
the four "B" outputs are logically connected to a
single selected "B" input. Fig. 4B illustrates a
second configuration, wherein the selected "A" input is
logically connected to the four "B" outputs and the
25 selected "B" input is logically connected to the four
"A® outputs. Fig. 4C illustrates a third configuration
in which a logical NAND function and a logical
exclusive OR function are implemented by the 1dgic unit
56. The logical NAND of the selected "A" input and the
30 selected "B" input is provided on the four "A" outputs.
The logical exclusive OR of the selected "A" input and
the selected "B"_input is provided on the four "B"
outputs. Finally, Fig. 4D illustrates the
implementation of a D-type flip-flop. In this

35 configuration, the signal on the selected "F"“tfgu§~is_______
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22. Fof exanple as shomn in Figs. 1 and 5, repeaters.24 are positioned so
as to span eight commsﬂeauhsmankth&iZZ thereby formng an 8 x 8 bl ock of

connecti ons |IIustrat

celts. As suggested arrangenent is repeated in- definitely
to formarrays of mh de5|red Not e, however, that the direct

10

15

20

25

30

35

applied to the enable input of the flip-flop to control
whether the flip-flop maintains its previous state or
reads in data supplied via the selected "A" input lead.
The output of the flip-flop is provided on the four "A"
outputs. A logical "1" (or high sigﬁal) is provided on
the four "B" outputs. As shown in Fig. 10 below, each
D flip-flop also has a clock input which controls the
timing of changes in the state of the flip-flop.

Fig. 5 illustrates the connection of the bus
network of the present invention to the cells of the
array 10 (the direct connections between the cells have
been omitted for clarity). One local bus 25, one
turning bus 26 and one express bus 27 are provided for
each row and each column of the array.

Repeaters 24 partition each bus into bus segments.
Each bus of a given row or column of the array is
connected té a repeater 24 at every "n" consecutive
cells with the result that the array is partitioned
into n x n blocks of cells 22. For example, as shown
in Figs. 1 and 5, repeaters 24 are positioned so as to
span eight consecutive cells 22, thereby forming an 8 x
8 block of cells. As suggested in Fig. S, this
arrangement is repeated indefinitely to form arrays of
whatever size is desired. Note, however, that the
direct connections illustrated in Fig. 2 are continuous
throughout the array and are not disrupted by the
repeaters or the bus network. ’

Fig. 6 depicts the interconnection between cells
22 and the local buses of the bus network for an 8 x 8
block of cells. As shown in Fig. 6, the bus network
comprises eight vertical lacal bus segnents 25a - 25h
and eight horizontal bus segments 25i - 25p. Each
local bus segment 25a - 2Sp spaqs eight consecutive

cells. As shown in Fig. 6, leads 72, 74 provigg_iggggs
to each cell 22 from its associated horizontall REREACE}ENT SHEET
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bus seg
| ocal

oughout the array and are not di srupted by the
rs or the bus netmnrk Fig. 6 depicts the interconnection between
Qsaﬁdhﬁhﬁﬂnmmﬁmibuses of the bus network for an 8 x 8 bl ock of

t he bus network conprises eight vertical |ocal
mgwmlu uﬂh and ei ght hori zontal ®bus segrrents 251 - 25p.. Each
vertical local bus. However, cell 22 can dnly transmit
data via a lead 76 to one of the horizontal or vertical
buses depending on the location of the cell 22 within
. the array. In particular, a checkerboard pattern is
5used to determine whether a given cell transmits data
to a horizontal bus or a vertical bus. Thus, if a
given cell 22 transmits data to a horizontal bus, then
the four cells 22 immediately adjacent to that cell,
transmit data to the vertical local bus, and
K)xigg versa. Illustratively, the cell 22 in the upper
left corner of the array transmits data to its '
~associated horizontal local bus; and the other cells
alternate their connections in the checkerboard

pattern.

15 As shown in Fig. 3, leads 72, 74 from the
horizontal and vertical buses are connected to each
cell 22 through a horizontal local bus input 82 and a
vertical local bus input 84 of the six-to-one
multiplexer 54. Data is transmitted from the cell to

20 the local bus segment by means of driver 86, which is
connected to the "A" output of each cell 22.

Driver 86 is controlled via two input lines 88, 89
to provide a tri-state or open-collector function. The
tri-state function, which is independently programmable

25 for each cell via a configuration bit, allows driver 86
to be electrically disconnected from the local bus when
the cell is not used to transmit to the local bus.

The open-collector function indicates to a
particular cell whether any other cells are currently

30 driving the same local bus segment. In the event a
local bus segment is unused (i.e., no drivers are
transmitting to the local bus segment), the open-
collector capability is turned on and the local bus
segment is pulled high through a passive pull-up

35 resistor. Thus, any unused local bus segment P

.""-'l"ru-l-a-...xwu--v-‘._
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ment 25a - 25p spans ei ght consecutive cells. As shown in Fi-g—6—teads—F2——

74 provide inputs to each cell 22 fromits associated horizontal: and

vertical local bus. Howev- er, cell 22 can only transmit dat ahiiSheet Cd
toone of the horizontal or vertical buses dependi ng on the" Io

the cell 22 within the array. In partlculgb .a check- erboafd

used to determ ne whether a given

a logical "1" to any cell reading the bus segment. If
only one cell is transmitting to a given local bus
segment, the open-collector function of driver 86 of |
all cells capable of driving that bus. segment is off,
and the driver of the transmitting cell can output
either an active "1" or active "0". 1If more than one
cell is driving the same local bus segment, the open-
collector function of the drivers of all the cells
capable of driving that bus segment are turned on to
provide a wired-AND function. More specifically, if
any one of the outputs of the cells driving the local
bus segment is a logical "o“, then the bus segment is
pulled low, thereby providing a logical "O" to any cell
reading the bus segnment. :

5 Fig. 7 depicts the connection scheme for the
turning buses of the bus network for an 8 x 8 block of
cells 22. These buses provide connections between the
horizontal and vertical buses. Similar to the local.
bus segments there are sixteen turning bus segments 26a

20 - 26p associated with an 8 x 8 block of cells, eight
turning bus segments 26a - 26h running vertically and
eight turning bus segments 26i - 26p running
horizontally. Each turning bus segment traverses eighﬁ
orthogonal turning bus segments for ah 8 x 8 block of

25 cells and is connected to the eight orthogonal turning
bus segments through a programmable connection that is
schematically represented by the circle 87 at the
intersection of each pair of orthogonal bus segments.
Illustratively, the connection can be effected by a

30 pass transistor controlled by a configuration bit that
is provided to the transistor by a control signal line
(not shown) from a configuration control (not shown).
These connections allow data transmitted on a
norizontal bus to be routed to a bus transmitting data
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cell transnits data to a horizontal bus or a vertical bus. Thus, if a given
cell 22 transmts data to a hori zontal -8- bus, then the four cells 22
i medi atel y adjacent to that

10

185

20

25

30

in the vertical direction, and vice versa, thereby
providing for 90° turns within the bus network.

Fig. 8 illustrates the connection scheme for the
express buses of the bus network for an 8 x 8 block of
cells 22. As was the case for the loEal and turning
bus segments, there are 16 express bus segments 27a -
27p for an 8 x 8 block of cells. However, unlike the
local or turning'bus'segnents, the express bus segments
are connected solely to the repeaters 24. Thus, an
express bus segment is the fastest means provided for
transmitting data between two repeaters of a given row
or column.

Repeaters 24 connect the bus segments of one n x n.
block of cells to the bus segments of the adjacent n x
n block of cells. Each repeater 24 is programmable so
as to allow any one of the three bus segments connected
to ports on one side of the repeater to be connected to
any one of the three bus segments connected to ports on
the other side of the repeater. Thus, each repeater
has the functionality of a 3 x 3 crossbar switch. 1In
particular, a bus segment connécted to one side of the
repeater has four connection options with the opposite
side of the repeater. For example, a local bus ségnent
connected to one side of a repeater can be connected to
either the local bus, the turn bus, or the express bus
connected to the other side, or it can be terminated
(i. e. the local bus connected to one side of the.
repeater is not connected to any bus on the other
side).

Fig. 9 illustrates the various connections that
can be made between the ports of the repeater. As will

" be appreciated by those skilled in the art, numerous

35

devices can be used to implement such connections and
numerous other connection arrangements are possible.
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cell, transmt data to the vertical |ocal bus, and vice ver-. sa.

Il lTustratively,

the cell 22 in the upper 1eft corner of the array trans

mts

data to its associated horizontal |ocal bus; and the other cells alternate
their connections in the checkerboard pattern. As shown in Fig. 3, |eads
72. 74 fromthe horizontal and vertical buggs_are connected to each cell 22

t hr ough

10

15

20

- multiplexer of a given column provides the clock signal

25

30

K

Another function of each repeater is to provide
signal regeneration. Illustratively, this is
accomplished by providing a driver for each bus line.
As a result, each repeater connection is
unidirectional. Advantageously, the direction of

'signal flow for each repeater connection is

programmable.

The array of the present invention also provides a
clock distribution network for the distribution of
clock signals to the D-type flip-flops 65 in the cells
22 of the array. The clock distribution network is
partitioned by column so as to provide independent
timing signals to each column of cells of the array.
Fig. 10 depicts a clock distribution network comprising
one multiplexer 90 for each column of the basic array.
Each multiplexer 90 has four inputs and one output.

The four inputs to the multiplexer are: an external
clock, a logical constant, the express bus adjacent to
the clock distribution network and the "A" output of
the cell at the head of the column. The output of the

to D-type flip-flop 65 of each cell 22 of the given
column. ;
In response to two configuration bits, each
multiplexer selects a signal from one of its four
inputs and provides such signal as a clock signal to
each cell in its column. The external clock inpit

‘allows an external timing signal to be connected to any

or all the columns of the array. The logical constant
input can be used to provide a logical "o" to columns
containing no registers so_as to reduce power
diséipation. The express bus input can provide a
secondary clock to multiple columné when the external
clock line is used as a primary:clock. The fourth

: This Sheet Has Been Replaced

i

REPLACEMENT SHEET

pe

13 MR ©

52

s,__?

£




a hori zontal Iocal bus inpuf 82 and a vertical |ocal bus input 84 of the
Si x-t e~one—+uttiplexer—54. Data is trans- mtted fromthe cell to the | ocal
bus se nent by neans of driver 86, which is connected to the "A" out put of

each ¢ 1$S‘E‘ﬁ Tﬁ iﬁﬁlls controlled via two.input lines 88, 89 to provide
atri-st I

| I ector function. The tr|-
input, the "A" output, can provide a clock signal to a

single column of cells.
Fig. 11 is a block diagram of the Lnterface

between the array and an input/output-port $2,
5hereinafter referred to as an I/O pad. According to
the present invention, for each I/0 pad 92 the
interface comprises an input buffer 94, an output
buffer 96, a four-input multiplexer 98 and two
two-input multiplexers 100, 102. Additionally, there
are two adjacent cells 22 on the perimeter of the basic
array dedicated to each I/0 pad, one cell being
dedicated as the "input" cell 93 and the other as the

"output" cell 95. _

As shown in Fig. 11, the output buffer 96 and
input buffer 94 are both connected to the I/O pad 92.
The input buffer 94 drives the input cell 93 through
the edge~facing "A" input of the input cell. The edge-
facing "A" output of the output cell 95 is connected to
the output buffer 96 via two-to-one multiplexer 102.

20 The interface logic is controlled via programmable
configuration bits. For example, the thresh&ld level
of the input buffer 94 is selectable to either TTL or
CMOS and the slew rate of the output buffer is
variable. Other selectable functions include an open-

25 collector function on the output buffer, the enabling
of a pull-up transistor on the I/0 pad to prevent
unused I/0 pads from floating, and a global overiide 1)
as to tri-state all output buffers at power up.

The output buffer 96 is programmable to one of two

30 states: a "CONFIGURE" mode or a "RUN" mode. In the
CONFIGURE mode, a control signal providing
configuration data is connected to the output buffer 96
via multiplexer 102 and a control signal is connected
to the tri-state function of output buffer 96 via

35 pultiplexer 100. In the RUN mode, the A outpul[ R@mmgﬂ,ﬂ- SHEFT
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state function, which is independently programuabl e for each cell via a
configuration bit, allows driver 86 to be electrically disconnected from

the | ocal bus when the cell is not used to transmt to the | ocal bus. The

opeh-col l ector function indicates to a particular cell whether any other
cells are currently driving the sane | ocaljgbus segnent. In the event a
| ocal bus seg- '

ouﬁput cell 95 is connected to the output buffer 96 via
multiplexer 102 and a control signal is connected to
the tri-state function of the output buffer 96 via
multiplexers 98, 100. '

Two configuration bits control multiplexer 98 to
select one of four signals for controlling the tri-
state function of the output buffer 96. One of the
four control signals is a logical "O", which turns the
tri~-state function of the output buffer 96 off, thereby
allowing the output buffer to transmit to the I/O pad
92 (i.e., I/0 pad can function only as an output port).
A second contreol signal is a logical "1i", which turns
the tri-state function of the output buffer 96 on,
thereby electrically disconnecting the output buffer 96
15 from the I/O pad 92 (i.e., I/O pad can function only as

an input port). The third and fourth control signals
are the signals transmitted on the output cell's 95
associated local vertical and horizontal bus. The
signals transmitted on the bus are either a logical
20-high or logical low and function to control the I/0 pad
as described above. '
Finally, each input cell 93 and each output cell
95 associated with an I/0 pad 92 are connected directly
to express buses. As shown in Fig. 11, the edge-facing
25 A input of the output cell 95 and the edge-facing A
output of the input cell 93 are connected to express
buses 104, 106. These buses provide a rapid means of
routing input/output signals into and out of the array.
The logic cells of the present invention make the
30 array especially well-suited for register-intensive,
arithmetic and logic applications. This is
accomplished by the inclusion of a register and a half
adder (XOR and NAND) in the logic unit of each cell.
Any of the basic logic -functions can be implemented by

10

35 interconnecting multiple cells and repetitinlﬁEPLACEMEMT SHE
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ment is unused (i.e., no drivers are transmtting to the |ocal bus
segnent), the open-collector capability is turned on and the | ocal bus
segnent is pulled high through a passive pull-up resistor. Thus, any unused
| 0o-» cal bus segnent provides a logical "1" to any cell reading the bus
segnent. If only one cell is transmtting 4 & giv- en |local bus segnent,

t he open-col |l ector function of

performing the exclusive OR and NAND function. For
example, to produce the logical AND, OR and NOR
functions, each of three cells can be cbnfiqured to the
- state shown in Fig. 4C, in which the "A" output of the
first cell provides the logical NAND of the selected
"A" and "B" inputs and the "B" output provides an
exclusive OR function of the "A" and "B" inputs. The
"aA" and "B" outputs of the first cell are then applied
to the "A" and "B" inputs of the second cell. The
outputs of the second cell are connected to the third
cell in a similar manner. For this interconnection
arrangement, the outputs of the second cell provide an
exclusive NOR function and a NOR function of the input
signals of the first cell and the outputs of the third
15 cell provide an AND function and an OR function of the
inputs of the first cell.

From the foregoing description of the lnventzon,
numerous alterations, modifications and improvements
will be readily apparent. Other connection schemes may

20 be used in conjunction with the bus network. For
example, an additional bus may be incorporated whereby,
every third repeater is connected so as to form a super
express bus. In addition, the cells of the present
invention can be modified so as to implement different

~ 25 operations, or a different number of operations or to
accommodate additional inputs or provide more outputs.
Of particular interest, while the invention has been
described in the context of a two dimensional array of
cells in which connections are provided at each cell .

30 with its nearest-neighbor cells in both directions in
two dimensions (i.e., to the North and South, to the
East and West), this connection pattern can also be

 extended so as to provide connections to other nearest-
neighbor cells in one or both directions in additional

10

35 qimensions. In particular, for each additiondlprp) AcEMENT SHEET
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driver 86 of all cells capable of driving that bus segnent is off, and the
driver of the transmtting cell can output either an active "1" or active
"0". If nore than one cell is driving thé same | ocal bus segnent, the
"open-col l ector function of the drivers of all the cells capable of driving
that bus segnent are turned on to provide,g wred-AND function. Mre
specifically, if any one of the outputs o% :

dimension, each cell of the two dimensional array has
an additional two neighboring cells and therefore must
provide for an additional two A inputs and two B
inputs, one A and one B input from each cell and an
additional two A ocutputs and two B oufputs, ocne A and
one B output to each cell. Finally, although the cells
of the preferred embodiment are conceptually located on
a plane, it is possible to connect the cell inputs and
outputs on one edge of the array to the inputs and
outputs of the cells on the opposite edge of the array.
For example, in a two dimensional array, connecting the
cells on two opposite ends of the array results in an
array that can be conceptually viewed as a toroid.

10
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the cells driving the local bus segment is a logical "O', then the bus
segnent is pulled |ow, thereby providing a logical "O' to any cell reading

t he bus segnent.. -9-

-17 = Thls Sheet Has Been Rep 1aced

1. A programmable logic array comprising:

a plurality of logic cells, wherein each cell
except those at the edges of the array has four
nearest-neighbor cells, one to the'left (or West), one
to the right (or East), one above (or to the North) and
one below (or to the South) so as to form an array in
which said logic cells are aligned in rows and columns,

each cell comprising:
eight inputs, two from each of its four

What is claiped is:

10

nearest neighbors,
eight outputs, two to each of its four

nearest neighbors,
15 ' means for storing a plurality of control
bits,
means for multiplexing the eight inputs onto
first and second input leads, the inputs connected to
said input leads being specified by control bits stored
20 in said storing means, and '
logic means for generating signals on saxd
outputs in response to signals on said input leads and
control bits stored in said storing means.

25 2. The apparatus of claim 1 wherein a logic cell
receives two inputs from each nearest-neighbor cell and
provides two outputs to each nearest-neighbor cell.

3. The apparatus'of claim 1 whefein_the inputs
.30_and outputs associated with the four nearest-neighbor
cells are functionally equivalent.

4. The apparatus of claim 1 wherein the logic
means implements a pair of Boolean logic functions.

35
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Fig. 7 depicts the connection scheme for the turning buses of the bus

network for an 8 x 8 block of cells 22. These buses provi i ons

bet ween the horizon- tal and vertical buses. Simlar to the |l o aI Replaced
segrents there are sixteen turning bus segments 26a - 26p a

an 8 x 8 block of cells, eight turning b_uslge,g ment s 26a - @‘“‘
vertically and ei ght turning bus

5. The apparatus of claim 1 wherein the logic
means implements an exclusive OR and a NAND function.

6. The apparatus of claim 1 wherein the logic
means implements a flip-flop. )

7. The'apparatus,of claim 1 wherein the logic
means provides a constant logic signal to at least one .
of the outputs.

8. - The apparatus of claim 1 wherein the
multiplexing means comprises first and second
multiplexers each of which has-at least four inputs,
each of said four inputs to the first multiplexer
coming from a different nearest-neighbor cell and each
of said four inputs to the second multiplexer coming
from a different ocne of the same nearest-neighbor cell.

15

9. The apparatus of claim 1 wherein the logic
20 means has two output leads, one of which fans out to
four of said outputs and the other of which fans out to
the other four outputs.

10. The apparatus of claim 1 wherein at least
25 three of said cells are connected in series with the
outputs of a first cell connected to the inputs of a
second cell and the outputs of said second cell are
connected to the inputs of third cell, whereby when
each cell provides an exclusive OR and logical NAND
30 function on its outputs in the respect to its inputs
the first cell provides at its outputs the exclusive OR
and NAND of its inputs, the second cell provides at its
outputs the exclusive NOR and NOR of the inputs to the

first cell, and the third cell provides at i? pgtputS'&
35 tne AND and the OR of the inputs to the first.cel '
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segnents 26i - 26p running horizontally. Each turnlng bus segnent traverses
- eight brthogonal—turning—bus—segrents for an 8 x 8 block of cells and is
connected to the, e| ht orthogona turni ng bus segnents through a

progr ammabl e co chenatlcally repre- sented by the circle
87 at the |nterse palr of ortfggonal bus segrents.
[l lTustratively,

11. In a two dimensicnal array of logic cells,
each cell except those at the edges of the array having
four nearest neighbors so as to form rows and columns
of said cells, a bus network for trapsmittinq signals
within the array comprising:

a local bus, a turning bus and an express bus
provided for every row and'column of the arfay formed
by said cells, : :

repeater means for driving said buses, said
repeater means partitioning said buses of a given row
or column so as to form bus segments, each bus segment
spanning a plurality of said logic cells.

10

12. The apparatus of claim 11 wherein the
repeater means forming the bus segments are aligned in
rows and columns which partition said array of cells
into rectangular blocks of said cells. '

15

13. The apparatus of claim 11 wherein each local

20 bus segment is connected to every cell spanned by that

bus segment so as to provide an electrical connection
between the cells and the bus network.

14. The apparatus of claim 11 wherein each
25 turning bus seénent provides an electrical connection
to all orthogonal bus segments between a row of the
array and a column of the array.

15. The apparatus of claim 11 wherein the express
30 bus segment is connected solely to the two repeater
means forming said express. bus segment.

16. The apparatus of claim 11 ﬁherein the
repeater means is programmable to connect any bus

35
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tion can be eTfected by a pass transistor controlled by a confirguratien-bit——
that is provided to the transistor by a control signal |ine ﬁpo shown)

frop1a_configuration con- trol (not shown). These connectionsy: ) eplaced -
transmt- ted on a horizontal bus to be routed to a bus trans :
in the vertical direction, and vice versa,sghereby pro- vidin '

turns within the bus network.

connected to one side of the repeater means to any bus
connected to the other side of the repeater.

17. The apparatus of claim 11 wherein the
repeater means provides electrical signal regeneration
for each programmable connection.

18. The apparatus of claim 11 wherein the
repeater means is programmable so as to select the_
electrical signal direction through the repeater means
for a given bus connection.

10

19. A programmable logic array comprising:

a plurality of logic cells, wherein each cell
except those at the edges of the array has four nearest
heighbors, one to the left (or West), one to the right
(or East), one above (or to the North) and one below
(or to the South) so as to form an array in which said
cells are aligned in rows and columns, and
20 clock distribution means for providing

independent timing signals to said logic cells, said

clock distribution means comprising one multiplexer for

each column of the array, each multiplexer having a

plurality of inputs and one output, said output being
75 connected to each logic cell in the given column.

15

20. The apparatus of claim 19 wherein said °
multiplexer in the clock distribution means has four
inputs, a first input to said multiplexer being a

30 constant logical signal, said second input coming from
an external timing source, said third input coming from
an express bus and said fourth input coming from the
output of a logic cell.

* [ L M S *




Fig. 8 illustrates the connection scheme for the ex- press buses of the bus
network for an 8 x 8 block of cells 22. As was the case for the |ocal and
turning bus seg- nents, there are 16 express bus segments 27a - 27p for an
8 x" 8 block of cells. However, unlike the local or turning bus segnents,
the express bus segments are connected _sgliely to the repeaters 24. Thus, an
express :

21. The apparatus of claim 19 wherein the timing
signal provided to the logic cells of a given colunrn of
the array is independent from the timing signal of any

other column of the array.

. This Sheet Has Been Replaced
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bus segnent is the fastest neans provided for transmt- ting data between
two repeaters of a given row or col- unmi. Repeaters 24 connect the bus
segnents of one n x n block of cells to the bus segnments of the adjacent n
x n block of cells. Each repeater 24 is progrannable so as to all ow any one
of the three bus segnents connect - - 22

' PROGRAMMABLE LOGIC CELL AND ARRAY

ABSTRACT

A programmable logic array comprising cells and a
bus network in which the celis_are arranged in a two-
dimensional matrix of rows and columns and are
interconnected by the bus network. The cells are also

g interconnected by a two-dimensional array of direct
corinections between a cellZand its four nearest
neighbors, one to its left (or to the West), one to its
right (or to the East), one above it (or to the North)
and one below it (or to the South). Each cell

10 comprises eight inputs, eight outputs, means for
multiplexing the eight inputs onto two leads and logic
means that operate in response to the signals on the
two leads to produce output signals which are applied
to the eight outputs. The bus network comprises a

15 local,'a turning and an express bus for each row and
‘column of the array and repeater means for partitioning
said buses of a given row or column so as to form bus
segments. The bus networknprovides for transfer of
data to the cells of the array without using the cells

20 as individual wires.

FIGURE 1
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ed to ports on one side of the repeater to be connected to any one of the
three bus segnents connected to ports on the other side of the repeater.
Thus, each repeater has the functionality of a 3 x 3 crossbar switch. In
par- ticular, a bus segnent connected to one side of the re- peater has
four connection options with the opposrté~'
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- 10 - side of the repeater.
one side of a repeater can be connected t'o either the | ocal
or the express bus connected to the other side,

bus,
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For exanpl e,

a | ocal

bus, the tur

or it can be

bus segnent connected to

n




t he | ocal
bus on*the other side).
be nmade between the ports of the repeater.

bus connected to one side of the repeater
Fig. 9 illustrates the various connections that can

As will

IS not connected to any

be appreciated by those

skilled in the art, nunerous devic- es can be used to inplenment such
connections and nu- merous other conneCt?on arrangenents are possible.
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Anot.her function of each repeater is to provide sig- nal regeneration.
IllTusttatively, this is acconplished by providing a driver for each bus
each repeater connection is unidirectional.

Advant ageously, the direction of signal flow for each repeater connection
is programmabl e. The array of the presen# I“nvention al so provides a '

i ne.

As a result,
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clock djstribution network for the distribution of clock sig- nals te the
D-type flip-flops 65 in the cells 22 of the array. The clock distribution
network is partitioned by colum so as to provide i ndependent tim ng

10 depicts a clock

distri- bution network conprising one mutt®ptexer 90 for each colum of the

signals to each col- um of cells of the array. Fig.

‘basic array. Each nultiplexer 90 has four
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I nputs and one oﬁtput. The four inputs to the multiplexer are: an external
the express bus adjacent to the clock _
at the head of the

cl ock,

di st,ri bution network and the "A" output of the cel

a | ogi cal

columm. The out -

const ant,

put of the multiplexer of a given colum provides the
clock signal to D-type flip-flop 65 of gabhcell 22 of the gi ven col um.
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In response to two conflguratlon bits, each nmulti- plexer sel ects a signal
fromone of its four inputs and prOV|des such signal as a clock signal to
each cell in its colum. The external clock input allows an external tim
ing signal to be connected to any or all the columms of the array. The

| ogi cal constant input can be used to prD'7v1de a logical 0 to colunns
containing no registers so
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as to reduce power dissipation. The express bus input can provide a
secondary clock to multiple colums when - REPLACEMENT SHEET - 11 -
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the external clock line is used as a primary clock. The fourth input, the
"A" output, can provide a clock signal to a single col unis Shdet B3 Besh. Replaggd - 11

is a’'block diagramof the interface between the array an
I nput / out put -port 92, hereinafter re- ferred to as an 1/ ng to
n

the present inven- tion, for each I/0O pad®2 the interfa

I nput |
] | - N

13 MAR 1897
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buf fer 94, an output buffer 96 -a four-input nultiplexer 98 and two
two-imput nultiplexers 100, 102. Additionally, there are two adjacent cells
22 on the perineter of the basic array dedicated to each 1/0O pad, one cell
bei'ng dedi cated as the "input" cell 93 and the other as the "out- put" cell
95. As shown in Fig. 11, the output bufféf 6 and input
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buffer 94 are both connected to the 1/0O pad 92. The. i nput buffer 94 drives
the inMput cell 93 through the edge-facing "A" input- of the input cell. The
edge=facing "A" output of the output cell 95 is connected to the output
buffer 96 via two-to-one nultiplexer 102. The interface logic is controlled
vi a programmabl e configuration bits. For ¥xdnple, the threshold |evel of
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b Ahobsal- ~
the |nput ‘buffer 94 is selectable to either TTL or CMOS and the qlpm1rafp

of the output buffer is variable. Oher selectable functj
open-cot l.ector function on the output buffer, the enabli jﬁﬁ ﬁ{ | IIJ
tranéi stor on the I/O pad to prevent unused I/O pads fr

gl obal- opgapljmde SO as to tri-state all output buffers at power up

1. A programmable logic array comprising:

a plurality of logic cells, wherein each cell except
those at the edges of the array has four nearest-neighbor
cells, one to the left (or West), one to the right (or East),
one above (or to the North) and one below (or to the South) so

~as to form an array in which said logic cells are aligned in
rows and columns, each cell comprising: |

eight inputs, two from each of its four nearest
neighbors, _

eight outputs, two to each of its fbur nearest
neighbors,

means for storing a plurality of control bits,

means for multiplexing the eight inputs onto first
and second input leads, the inputs connected to said input
leads being specified by control bits stored in said storing
means, and .

logic means for generating signals on said outputs
in response to signals on said inﬁut leads and control bits
stored in said storing means, the logic means within each cell
providing at least two boolean logic functions on its outputs
with respect to its inputs,

wherein at least three of said cells are connected
in series with two outputs of a first cell connected to two
inputs of a second cell and two outputs of said second cell
connected to two inputs of a third cell, whereby when each
cell provides an exclusive OR function on one output and a
logical NAND function on a second output with respect to its
inputs, the first cell provides at its outputs the exclusive
OR and NAND of its inputs, the second cell provides at its
outputs the exclusive NOR and NOR of the inputs to the first
cell, and the third cell provides at its outputs the AND and
the OR of the inputs to the first cell.

2. A programmable logic array as claimed in Claim 1, wherein
the logic means has two output leads, one of which is
distributed to each of its four nearest neighbor cells, and
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The output buffer 96 is progranmable to one of two st
mode or a "RUN' node. In the CONFI-GURE node, a controaﬂmumnﬂﬁgm m
configu- «ration data is connected to the output buffer 96 %ia - st plexer
102 and a control signal is connected to the tri- state function of output

buffer 9@ne atmelt of @rdchl(e alsd ERANBIHE dtdeathhwWpuitoffde out put

Cey! 95 I%a%est neighbor cells.

3. A programmable logic array as claimed in Claim 1, wherein -
the inputs and outputs associated with the four nearest-
neighbor cells are funcﬁionally equivalent.

4. A programmable logic array as claimed in Claim 1, wherein
the multiplexing means comprises first and second multiplexers
each of which has at least four inputs, each of said four
inputs to the first multiplexer coming from a different one of
the four nearest-neighbor cells and each of said four inputs
to the second multiplexer coming from a different one of the
same four nearest-neighbor cells.
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nec"{ ed to the output buffer 96 via multipl exer 102 and a control

tonnected to the tri-state function of the output buffer 96 via
- 12 - : REPLACEMENT SHEET

mul ti pl exers 96, 100.

-1 -
PROGRAMMABLE LOGIC ARRAY

Description

Cross Heference to Related Patents and Apglications

The following U.S. patents are related: U.S. Patent
4,700,187 for *Programmable Asynchronous Logic Caell
and Array®, U.S. Patent 4,918,440 for “Programmabie
Logic Cell and Array*, US-A-5 089 973 for "Programma-
ble Logic Cell and Array*, and US-A-5 019 736 for *Pro-
grammable Logic Cell and Array*.

Field of the Invention

This invention relates to the field of digital logic cir-
Cuits and, more particularly, to programmable and re-
programmable logic devices.

Background of the Invention

Document WO-A-9 011 648 discloses a program-
mable logic array comprising a plurality of logic cells
aligned in rows and columns, each cell having inputs
and outputs on each of its four sides, the array further

4 (H0h (¥~
signal is

comprising means for muitiplexing the inputs and logic

means for generating signals on the outputs.

U.S. Patent US-A-5 019 736, describes a two di-
mensional array of programmable logic cells. Each of
thesa cells accepts two *A* inputs, one each from two
of its nearest neighbor cslls in the array and two *B* in-
puts, one sach from the other two of its nearest neigh-
bors. Each cell performs selected operations on one of
the *A® inputs and one of the *B” inputs to generate out-
puts on two "A*® outputs and two "B* outputs. There are
exactly four unique combinations of inputs to (or outputs
from) such cells, i.e., the "A" inputs can come from the
nearest neighbor cells to (1) the North and East, (2) the
North and West, (3) the South and East, or (4) the South

and West and the ‘B’ inputs come from the other ‘Wﬁ"

E

PLACEMENT SHEET

14 APR 1938




Two' configuration bits control nultiplexer 98 to se- |ect one of four
8ignals for. controlling the tri-state func- tion of the outpERLAGEMENT SHEET
One of the four control sig- nals is a logical "O which turns the
tri-state function of the output buffer 96 off, thereby allow ng the output
buff- er to transmt to the I/Opad 92 (i.e., 1/0O pad can function only as
an output port). A second control signal2is a |og- '

cells. The four cells having these four combinations of

inputs are identified as cells 20A, 208, 20C and 200 of

Figs. 1 and 2A-2D of the 736 patent. As discussed in

the 736 patent, these four combinations of inputs can

be recorded as four orientations of the ceil. The limita-

tions on the directiong from which the inputs are re-

ceived and the directions in which the outputs are sent

impose severe design limitations on the use of such

cells in an array of cells. If cells of only one type are

used, signal propagation in the array can go in only one

direction in each dimension.

Altematively, as shown in Fig. 1 of '736 patent, the four

cell types can be assembled into one array to provide

for signal flow in both directions in both dimensions.

However, this arrangement tends to be inefficient in its

use of celis. ,

One object of the present invention is to provide a
logic cell for use in a programmable logic array, wherein
each logic cell is functicnally identical.
Another object of the present invention is to provide

a means for transmitting data within the array by means

other than the interconnection of individual logic cslls so

as to minimize the time required to transmit data within

the array.

Summary of the Invention

The present invention is an array of programmable
logic cells as set out in claim 1. in a preferred embodi-
ment, each logic cell has at least eight inputs, eight out-
puts, means for multiplexing the eight inputs onto two
leads and logic means that operats in response to the
signals on the two leads and control bits, to producs out-
put signals which ars applied to the sight outputs.

The logic calls of the array are arranged in a two-
dimensional matrix such that each cell has four nearest-
neighbor cells, one to its left (or to the West), one to its
right (or o the East), ona above it (or to the North) and
one below it (or to the South). Signal flow is possible in
both directions in both dimensions.
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ical "1", which turns the tri-state function of the out put buffer 96 on,

st hereby electrically disconnecting the out-

92 (i.e. 1/0O pad can func- tion only as an input port).

put buffer

5 LB

fourth control signals are the signals transmitted on the output cell's 95
associ ated |l ocal vertical and horizontal bus. The sig-

the bus are either a logical high or - 3 -

According to the present invention, the logic calls
torming the two-dimensional array are the same. More
specifically, in forming the two-dimensional matrix, the
interconnection of every cell with each of its four neigh-
boring calls is functionally identical. In each direction.
the cell has two inputs and two outputs which are con-
nected to the two outputs and two inputs of the nearest
neighboring cell. Since the inputs and outputs ars func-
tionally identical on each side of the csll, every csall of
the array has the same orientation.

In addition, the present invention provides a bus
network for transmitting digital data within the array with-
out requiring the individual cells to act as lcgical wires.
The bus network has three types of programmable bus-
es: alocal bus, a turning bus and an express bus, where-
by one of each bus type is provided for each row and
column of the array. According to the present invention,
the three buses of each row and column of the array are
connected 10 repeaters so as to form bus segments,
which span a plurality of cslls. As a result, the repeaters

partition the array into rectangular blocks of csils to form

an arrangement that can be repeated indefinitely.

The array of the present invention also includes
means for distributing independent timing signais to
each column of cells of the basic array and means for
transmitting digital data from either the basic array of
calls or the bus network to an input/output port.

" Briet Description of the Drawings

These and other objects, features and advantages
of the invention may be better understood by referring
to the following detailed description, which should be
read in conjunction with the accompanying drawing in
which: . :

Fig. 1 is @ schematic illustration of a preferred em-
bodiment of the invention depicting an exemplary

nals transmtted on
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I_ogfcal | ow and function to control the I/0O pad as de- C“MA\%E@ENTSWE%

Finally, each input cell

93 and each output cell 95 associa

pad 92 are connected directly to express buses. As shown in Fig.

edge-facing A input of the output cell

the input cell 93 are connected to express buses 104,

-q -

portion of an array of cells with a bus network su-
perimposed.on the array;

Fig. 2 is a diagrammatic illustration of an exemplary
portion of the array of calls according to the present
invention; |

Fig. 3 is a block diagram depicting the internal struc-
ture of a cell of Fig. 2;

Figs. 4A-40 are diagrammatic illustrations of a set
of possible states of a logic means in a csll of Fig. 3;
Fig. § is a diagrammatic illustration depicting further

details of the bus network superimposed on an ar-

ray of cells according to the present invention;

Fig. 6 is a diagrammatic illustration of the intercon-
nection scheme between the array of Fig. 2 and lo-
cal bus segments of the bus network;

Fig. 7 is a diagrammatic illustration of the intercon-
nection scheme betwseen the array of Fig. 2 and
turning bus segments of the bus network;

Fig. 8 is a diagrammatic illustration of the intercon-
nection scheme between the array of Fig. 2 and ex-
press bus segments of the bus network;

Fig. 9 is a diagrammatic illustration of a set of con-
nections that can be implemented by a repeater of
the bus network;

Fig. 10 is a block diagram depicting a clock distri-
bution network; and

Fig. 11 is a block diagram depicting the interface
between the array of the present invention and an
input/output port.

Detailed Description of the Drawings

Fig. 1 depicts a programmable logic array 10 com-

prising celis 22 and a bus network 12 formed in accord-
ance with the present invention. Cells 22 are arranged
in a two-dimensional matrix of rows and columns and
are interconnected by bus network 12 by connections
not shown in Fig. 1. The cells are also interconnected
by a two-dimensional array of direct connections be-
tween a cell and its four nearest neighbors, (i.e., the four
cells immediately adjacent to the North, East, South and

11, the

95 and t he edgedaci ng A out put of
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106. These buses provide a rapid neans of routing in- put/‘hERLpAﬁE”sﬁl\B-r%'l‘Eeﬂ
Fnto and out of the array. The logic cells of the present invention nmake
the array especially well-suited for register intensive, arith- nmetic and

- logic applications. This is acconplished by the inclusion of a register and

a half adder (XOR and NAND) in the Iog|5c uni t of each cell. Any of the
basi c

West). The bus network 12, which comprises repeaters
24 and vertical and horizontal buses 25, 26, 27, provides
for the transter of data within the array 10 without requir-
ing individual cells 22 to act as logical wires.

Fig. 2 depicts the direct interconnections within an
exemplary portion of the array of cells 22 formed in ac-
cordance with the present invention. As is apparent, the
cells are arranged in a two dimensional matrix with each
cell having four nearest neighbors, one to its left (or to
the West), one to its right (or to the East), one above it
(or to the North) and one below it (or to the South). Each
cell 22 has sight inputs 31a, 32a, 33a, 34a, 31b, 32b;
33b, 34b and eight outputs 412, 42a, 43a, 44a, 41D, 42b,
43b, 44b. Each cell 22 is identical with respect to its di-
rect connections 1o its four nearest neighbors. To each
such neighbor, the cell provides two outputs and from
each such neighbor the cell has two inputs. Cell inputs
and outputs are divided into two catagories “A* and "8°,
whereby each ceil has an A input, an A output, a B input
and a B output connected to each of its four nearest
neighbors. Between adjacent cells, an Ainput is always
connected to an A output and a B xrput is always con-

" nected to a B output.

In an illustrative embodiment of csll 22 as shown in
Fig. 3, the cell 22 comprises a four-to-one multiplexer
52, a six-to-one multiplexer 54 and a logic unit 56. Logic
unit 56 can implement any one of a piurality of opera-
tions, such as, a direct wire, a switch, a logical NAND
function, an exclusive OR function, a flip-flop or a logical
constant. Each cell is controlled by eight configuration
bits that are supplied to the cell by control lines (not
shown) from a configuration control (not shown) such
as a read/write memory. The configuration bits are used
to specify which inputs are selected by multipiexars 52,
54 and which operation(s) is implemented by the logic
unit. A clock signai is also provided to each csll by a
clock signal line (not shown).

The four *A® inputs 31a, 323, 333, 34a are applied
to multiplexer 52 and the four *B* inputs 31b, 32b, 33b,

© 34b are applied to multiplexer 54. As discussed below,
two other inputs are applied to multiplexer 54 from ver{ REPLACEMENT Sk
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| ogi ¢ functions can be inplenmented by interconnecting nultiple'cells and
Fepetitively performng the exclusive OR and NAND functi on.

AND, OR and NOR functions, each of threeﬁggkmf%}ééﬁ

produce the | ogica

configured to t.he state shown in Fig. 4C

first cell provides the logical NAND of the selected "A" and "B"

the 'B output-

tical and horizontal lines 25 of the bus network. Multi-
plexer 52 connects one of the four *A*® inputs to a lead
55a to logic unit 56. Similarly, muttiplexer S4 connects
one of the six *B" inputs to a lead 55b to logic unit 56.

Each multiplexer 52, 54 is controlled separatsly by two

and three configuration bits, respectively, so as to select
one of its inputs. As a result, there are twenty-four pos-
sible combinations of inputs that can be applied to the
logic unit 56 via leads 55a, 55b.

Logic unit 56 is a two-input, two-output device which
selectively implements one of four possible combina-
tions of operations as specified by two configuration bits.
Logic unit 56 performs the selected operation on the in-
put signals on leads 55a, 55b so as to generate output
signals on leads 57a, 57b. The signal on lead 57a is ap-
pliedtothe "A* outputs 413, 42a, 433, 44a and the signal
on lead 57b is applied to the "B" outputs 41b, 42b, 43b,
44b. As discussed below, the signal on lead 57a can
also be provided to the bus network via driver 86 under
control of ancther configuration bit. |

Preferably, logic unit 56 comprises a NAND gate 61,

an XOR gate 63, a flip-flop 65 and two four-tc-one mul-

tiplexers 67, 69. The operation of logic unit £6 is deter-
mined by the state of multiplexers 67, 69, which are con-
trolled in tandem via the two configuration bits. Figs. 4A-
D illustrate the four configurations (or states) in which
the logic unit may be placed. More specfifically, Fig. 4A
illustrates a first configuration, wherein the four *A* out-
puts are logically connected to a single selected "A® in-
put and the four "B* outputs are logically connected to
a single selected *B* input. Fig. 4B illustrates a second
configuration, wherein the selected *A*® input is logically
connected to the four *B* outputs and the selected "B°
input is logically connected to the four *A" outputs. Fig.
4C ‘illustrates a third configuration in which a logical
NAND function and a logical exclusive OR function are
implemented by the logic unit 56. The logical NAND of
the selected "A® input and the selected ‘B* input is pro-
vided on the four “A* outputs. The logical exclusive OR
of the selected "A" input and the selected "B* input is

in which the "A" output of the

I nputs and

provided on the four “B* outputs. Finally, Fig. 40 illps=

o
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provi des an exclusive OR function of -the "A" and "B" |nputs The '

"A" and
*B" outputs of the first cell are then applied to the "A" LABEMEND'SHEE?f
the second cell. The outputs of the second cell are connected to the t
cell in a simlar manner. For this interconnection arrange nent, the

out puts of the second cell provide an exclusive

-7 -

trates the implementation of a D -type mp ﬂop In this
configuration, the signal on the selected *B* input is ap-
pliedto the enabie input of the flip-flop to control whether
the flip-flop maintains its previous state or reads in data
supplied via the selectad "A" input lead. The output of
the flip-flop is provided on the four “A* outputs. A logical
*1* {or high signal) is provided on the four "'8° outputs.
As shown in Fig. 10 below, each D flip-fiop also has a
clock input which controls the timing of changes in the
state of the flip-flop.

Fig. § illustrates the connection of the bus network
of the prasent invention to the celis of the array 10 (the
direct connections between the cells have been omitted
for clarity). One local bus 25, one turning bus 26 and
one express bus 27 are provided for each row and each
column of the array.

Repeaters 24 partition ‘each bus intobus segments.
Each bus of a given row or column of the array is con-
nected to a repeater 24 at every “n® consecutive csils
with the result that the array is partitioned into n X n
blocks of cells 22. For example, as shown in Figs. 1 and
5, repeaters 24 are positioned so as to span eight con-
secutive cells 22, thereby forming an 8 x 8 biock of cells.
As suggested in Fig. 5, this arrangement is repeated in-
definitely to form arrays of whatever size is desired.
Note, howsever, that the direct connections illustrated in
Fig. 2 are continuous throughout the array and are not
disrupted by the repeaters or the bus network,

Fig. 6 depicts the interconnection between calls 22
and the local buses of the bus network for an 8 x 8 block
of cells. As shown in Fig. 6, the bus network comprises
eight vertical local bus segments 25a - 25h and eight
horizontal bus segments 25i - 25p. Each local bus seg-
ment 25a - 25p spans eight consecutive cells. As shown
in Fig. 6, leads 72, 74 provide inputs to each cell 22 from
its associated horizontal and vertical local bus. Howev-
er, cell 22 can only transmit data via a lead 76 to one of
the horizontal or vertical buses depending on the loca-

. tion of the cell 22 within the array. In particular, a check-

erboard pattemn is used to determine whether a given

Thus, if a given cell 22 transmits data to a horizon

‘cell transmits data 1o a horizontal bus or a vertical bus. REPLACEMERT
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REPLACENENT SHEET - 13 - NOR function and a NOR function of AHEpAD MENT

signals of the first cell and the outputs of the third cell prowge ansﬁlﬁgf
function and an OR function of the inputs of the

-8 -

bus, then the four cells 22 immediately adjacent to that
cell, transmit data to the vertical local bus, and vice ver-
sa. lllustratively, the cell 22 in the upper left comer of

- the array transmits data to its associated horizontal local
bus; and the other cells alternate their connections in
the checkerboard pattem.

As shown in Fig. 3, leads 72, 74 from the horizontal
and vertical buses are connected to each celi 22 through
a horizontal local bus input 82 and a vertical local bus
input 84 of the six-to-one multiplexar 54. Data is trans-
mitted from the csil to the local bus segment by means
of driver 86, which is connected to the *A* output of each.
cell 22.

Driver 86 is controlled via two input lines 88, 89 to
pravide a tri-state or open-collector function. The tri-
state function, which is independently programmable for
each cell via a configuration bit, allows driver 86 to be
electrically disconnectaed from the local bus when the
cell is not used to transmit to the lccal bus. |

The open-collector function indicates to a particular
cell whether any other cells are currently driving the
same local bus sagment. In the event a local bus seg-
ment is unused (i.e., no drivers are transmitting to the
local bus segment), the open-collector capability is
tumed on and the local bus segment is pulled high
through a passive pull-up resistor. Thus, any unused lo-
cal bus segment provides a logical *1° to any cell reading
the bus segment. if onily one cell is transmitting to a giv-
en local bus segment, the open-coilector function of
driver 86 of all cells capable of driving that bus segment
is off, and the driver of the transmitting cell can output
gither an active "1* or active "0°. It more than one csll is
driving the same local bus segment, the open-collector
function of the drivers of all the cells capable of driving

~ that bus segmaent are turned on to provide a wired-AND
function. More specifically, it any one of the outputs of
the ceills driving the local bus segment is a logical “O",
then the bus segment is pulled low, thereby providing a
logical *O* to any cell reading the bus segment.

REPLACEMENT SHEET
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fifst cell. Fromthe foregoing description of the invention, ETAY

al terations, nodifications and inprovenents will be readily aE%@Fgﬁﬁﬂgﬁfﬁ%¢ET
connection schenmes may be used in conjunction with the bus network. For

exam ple, an additional bus may be incorporated whereby, every third

repeater is connected so as to fornl% super

Fig. 7 depicts the connection scheme for the turning
buses of the bus network for an 8 x 8 biock of cells 22.
These buses provide connections between the horizen-
tal and vertical buses. Similar to the local bus segments
there are sixteen tuming bus segments 262 - 26p asso-
ciated with an 8 x 8 block of cells, eight tumning bus seg-
ments 26a - 26h running verticaily and eight turning bus
segments 26i - 26p running horizontally. Each tumning
bus segment traverses eight orthogonal tuming bus
segments for an 8 x 8 block of cells and is connected to
the eight orthogonal turning bus segments through a
programmabie connection that is schematically repre-
sented by the circle 87 at the intersection of each pair
of orthogonal bus segments. lllustratively, the ccnnec-
tion can be effected by a pass transistor controlied by a
configuration bit that is provided to the transistor by a
control signal line (not shown) from a configuration con-
trol (not shown). These connections allow data transmit-
ted on a horizontal bus to be routed to a bus transmitting
data in the vertical direction, andyvice versa, thereby pro-
viding for 90° turns within the bus network.

Fig. 8 illustrates the connection scheme for the ex-
press buses of the bus network for an 8 x 8 block of ceils
22. As was the case for the local and tuming bus seg- -
ments, there are 16 express bus segments 27a - 27p
for an 8 x 8 block of cells. However, uniike the local or
turning bus segments, the express bus segments are
connected solely to the repeaters 24. Thus, an express

" bus segment is the fastest means provided for transmit-
* ting data between two repeaters of a given row or col-
umn, '

Repeaters 24 connect the bus segments of one n x
n block of calls to the bus segments of the adjacent n x
n block of cells. Each repeater 24 is programmable so
as to allow any one of the three bus segments connect-
ad to ports on one side of the repeatar to be connectad
to any one of the three bus segments connected to ports
on the other side of the repeater. Thus, each repeater
has the functionality of a 3 x 3 crossbar switch. In par-

ticular, a bus segment connected to one side of the re-
peater has four connection options with the opposite




express bus. In addition, the cells of the present inven- tion can be
. nodified so as'to inplenent different oper- ations, or a different nunber

of operations or to accom nodate additional inputs or provi dd?EﬁiJA@EMENT'SHEET
outputs. O particular interest, while the invention has been de- scribed
in the context of a two dinensional array of cells in which connections are

provi ded at each cell with its - 10 - .
side of the repeater. For example, a local bus segment
connected to one side of a repeater can be connected
to either the local bus, the turn bus, or the express bus
connectad to the other side, or it can be terminated (i.e.
the local bus connected to one side of the repeatsr is
not connected to any bus on the other side).

Fig. 9 illustrates the various connections that can
be made between the ports of the repeater. As will be
appreciated by those skilled in the art, numerous devic-
es can be used to impiament such connections and nu-
‘merous cther connection arrangements are possible.

Ancther function of each repeater is to provide sig-

~ nal regeneration. lllustratively, this is accomplished by
providing a driver for each bus line. As a rasult, each
repeater connection is unidirectional. Advantageously,
the direction of signal flow for each repeater connection
is programmable. -

The array of the present invention also provides a
clock distribution network tor the distribution of clock sig-
nals to the D-type flip-flops 85 in the cells 22 of the array.
The clock distribution network is partitioned by column
so as 1o provide independent timing signals to each col-
amn of cells of the array. Fig. 10 depicts a clock distri-
Bation network comprising one multiplexer 90 for each
column of the basic array. Each multiplexer S0 has four
inputs and one output. The four inputs to the multiplexer
are: an extemal clock, a logical constant, the express
bus adjacent to the clock distribution network and the
*A* output of the cell at the head of the column. The out-
put of the mutltiplexer of a given column provides the
clock signal to D-type flip-flop 65 of each cell 22 of the
given column. _ :

in response o two configuration bits. each muiti-
plexer selects a signal from one of its four inputs and
provides such signal as a clock signal to each cell in its
column. The external clock input allows an extemal tim-
ing signal to be connected to any or all the columns of
the array. The logical constant input can be used to pro-
vide a logical "O" to columns containing no registers so
as to reduce power dissipation. The express bus input -

" can provide a secondary clock to muttiple columns whénREPLACEMENT SH
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Nort h and Sout h,

to the East and West),
extended so as to provide connections to other

near est-nei ghbor cells in both directions in two di nen- %E%LregE ENT SHEET

one or both directions in additional dinmensions. In par- ticular,

addi ti onal
addi ti onal

di mensi on,

fourth input, the "A® output, can provide a clock signal
to a single column of cells.

Fig. 11 is.a block diagram of the interface between
the array and an input/output-port 92, hereinafter re-
lerred to as an I/0 pad. According to the present inven-
tion, for each I/O pad 92 the interface comprises an input
butter 94, an output buffer 36. a tour-input multiplexer
98 and two two-input muttiplexers 100, 102. Additionally,
there are two adjacent calls 22 on the perimeter of the
basic array dedicated to each I/O pad, one cell being
dedicated as the “input” cell 93 and the other as the "out-
put® celt 95.

As shown in Fig. 11, the output buffer 96 and input
butfer 94 are both connected to the /O pad 32. The input
bufter 94 drives the input cell 33 through the edge-facing

~ "A"input of the input cell. The edge-facing "A* output of

the output csll 85 is connected to the output butfer 96
via two-to-one muttiplexar 102.

The interface logic is controtled via pregrammable
configuration bits. For example, the threshoid level of
the input buffer 94 is salectable to aither TTL or CMOS
and the siew rats of the output butler is variable. Cther
selectabie functions include an open-collector function
on the output buffer, the enabling of a pull-up transistor
on the /O pad to prevent unused 1/O pads from floating,
and a global override so as to tri-state all output buffers
at power up.

The output buffer 96 is programmable to one of two
states: a "CONFIGURE" mode or a *RUN" mode. In the
CONFIGURE mode, a control signal providing configu-
ration data is connected to the output buffer 96 via mul-
tiplexer 102 and a control signal is connected to the tri-
state function of output buffer 96 via multiplexer 100. In
the RUN mode, the A output of the output csil 95 is con-
nected to the output buffer 96 via multiplexer 102 and a’
control signal is connected to the tri-state function of the
output buffer 96 via muitiplexers 98, 100. |

this connection pattern can also be
near est - nei ghbor cells in

for each
each cell of the two dinmensional array has an
two nei ghboring - 11 -

the extemal clock line is used as a primary clock The |

Py
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cells and therefore nmust provide for an additional two A inputs and two 8
Fnputs, one A and one B input fromeach cell and an an addB‘EP’QA@EMENmSHEET

outputs and two B out- puts, one A and one B output to each cell. Finally,
al - though the cells of the preferred enbodi ment are con- ceptually | ocated
on a plane, it is possible to connect the cell inputs and outputs on one

edge of the array to the -
Two configuration bits control multiplexer-98 to se-

lect one of four signals for controlling the tri-state func-
tion of the output butfer 96. One of the four control sig-
nals is a logical “O*, which turns the tri-state function of
the output buffer 96 off, thereby allowing the output bufi-
er to transmit to the /O pad 92 (i.e., /O pad can function
only as an output port). A second control signal is a log-
ical *1*, which tumns the tri-state function of the output
bufter 96 on, thereby electrically disconnecting the out-
put buffer 86 from the /O pad 92 (i.e., I/O pad can func-
tion only as an input port). The third and fourth control
signais are the signals transmitted on the output call's
95 associated local vertical and horizontal bus. The sig-
nals transmitted on the bus are either a logical high or
logical low and function to control the 1O pad as de-
scribed above.

Finally, each input ceil 93 and each cutput cell 85
associated with an 1/O pad 92 are connected diractly to
express buses. As shown in Fig. 11, the edge-facing A
input of the output cell 95 and the edge<acing A output
of the input cell 93 are connected to express buses 104,
106. These buses provide a rapid means of routing in-
put/output signals into and out of the array.

The logic cells of the present invention make the
array especially well-suited for register-intensive, arith-
metic and logic applications. This is accomplished by
the inclusion of a register and a half adder (XOR and
NAND) in the logic unit of each cell. Any of the basic
logic functions can be implemented by interconnecting
muttiple cells and repetitively performing the exclusive
OR and NAND function. For example, to produce the
logical AND, OR and NOR functions, each of three cells
can be configured to the state shown in Fig. 4C, in which
the *A® output of the first cell provides the logical NAND
of the selected "A" and *B" inputs and the *B* output
provides an exciusive OR function of the *A* and *B*
inputs. The A" and "B* outputs of the first cell are then
applied to the "A® and "B" inputs of the second cell. The
outputs of the second cell are connected to the third csll
in a similar manner. For this interconnection arrange —_—
ment, the outputs of the second cell provide an exclusive REPLACEMENT SHEET
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inp;Jts and out puts of the cells on the opposite edge of the array. For

exanpl e,

ends of the array re- sults in an array that can be concept

a toroid.

- 13 -

NOR tunction and a NOR function of the input signals
of the first cell and the outputs of the third cell provide
an AND function and an OR tunction of the inputs of the
first cell.

From the foregoing description of the invention, nu-
merous alterations, modifications and improvements
will be readily apparent. Other connection schemes may
be used in conjunction with the bus network. For exam-
ple, an additional bus may be incorporated whersby,
every third repeater is connected so as to form a super
express bus. In addition, the celis of the present inven-
tion can be medified so as to implement different oper-
ations, or a different number of operations or to accom-
modate additional inputs or provide more outputs. Cf
particular interest, while the invention has been de-
scribed in the context of a two dimensional array of cells
in which connections are provided at each cell with its
nearsst-neighbor cells in both directions in two dimen-
sions (i.e., tothe North and South, to the East and West),

- this connection pattemn can also be sxtended so as to

provide connections to other nearest-neighbor cells in
one or both directions in additional dimensions. In par-
ticular, for each additional dimension, each cell of the
two dimensional array has an additional two neighboring
cells and therefore must provide for an additional two A
inputs and two B inputs, one A and one B input from
each cell and an additional two A outputs and two B out-
puts, one A and one B output to each cell. Finally, al-
though the cells of the preferred embodiment are con-
ceptually located on a plane. it is possible to connect the
cell inputs and outputs on one edgse of the array to the
inputs and outputs of the celis on the opposite edge of
the array. For example, in a two dimensional array, con-
necting the cells on two opposite ends of the array re-

sults in an array that can be conceptually viewed as a
toroid.

in a two dinensional array, con- necting the cell sm%&»@%@%%
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- 14.1 - Clains 1. A programmabl e | ogi c array conprising: a p,i‘

IFogi c cells,

L
wherein each cell ex- cept those at the edges o”?ﬁt

four nearest-neighbor cells, one to the left - or West

- 14 -
Claims
1. A programmabie logic array comprising:

a plurality of logic cells, wherein each cell ex-
cept those at the edges of the array has four

nearest-neighbor cells, one to the left - or West
-, one to the right - or East -, one above - or to

the North - and one below - or to the South - so
as to form an array in which said logic cells are
aligned in rows and columns, each cell com-
prising:

eight inputs, two from each of its four nearest
neighbors,

eight outputs, two to each of its four nearest
neighbors, |

means for storing a plurality of control bits,
means for multiplexing the eight inputs onto
first and second input leads, the inputs con-
nected to said input leads teing specified by
control bits stored in said storing means, and
logic means for generating signals on said out-
puts in response to signals on said input leads
and control bits stored in said storing means,
the logic means within each csll providing at
least two boolean logic functions on its outputs
with respect to its inputs, '

whersin at least three of said cells are con-
nected in series with two outputs of a first cell con-
nected to two inputs of a second cell and two out-
puts of said second cslf connected to two inputs of
a third cell, whereby when each cell provides an ex-
clusive OR function on one output and a logical
NAND function on a second output with respect to
s inputs, the first cell provides at its outputs the
exclusive OR and NAND of its inputs, the second
cell provides at its outputs the exclusive NOR and
NOR of the inputs to the first cell, and the third cell
provides at its outputs the AND and the OR of the
inputs to the first cell.

o ¢ L [ s *
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one to the right

or to the South -

or

East -, one above - or to the North - and one bel ow -

so as to forman array in which said logic cells are

aligned in rows and colums, each cell com prising: eight guppWiens m
near est nei ghbors, ' : HmﬂEEMENmeEE?

each of

its four

- 15 -

A programmabile logic array as claimed in Claim 1,
wherein the logic means has two output leads, one
of which is distributed to each of its four nearest
neighbor cells, and the other of which is ailso dis-
tributed to each of its four nearest neighbor cells.

A programmable logic array as claimed in Claim 1,
wherein the inputs and outputs associated with the
four nearest-neighbor cells are functionally equiva-
lent.

A programmable logic array as claimed in Claim 1,
wherein the multiplexing means comprises first and
second multiplexars each of which has at least four
inputs, each of said four inputs to the first muitiplex-

. er coming from a different cne of the four nearest-

neighbor cells and each of said four inputs to the
second multiplexer coming from a different one of
the same four nearest-neighbor cslls.

* c L M s *
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eigﬁt outputs, two to each of its_foUr near est nei ghbors, means for storing
a plurality of control bits, neans for nultiplexing the eight inputs onto

first and second input |eads, the inputs con- nected tonggthééwﬁngﬂE@p

bei ng specified by control bits stored in said storing

- 16 <
PROGRAMMABLE LOGIC ARRAY

ABSTRACT

A programmable logic array comprising cells and a
bus network in which the cells are arranged in a two-
-dimensional matrix of rows and columns and are
interconnected by the bus network. The cells are also
interconnected by a two-dimensional array of direct
connections between a cellZand its four nearest
neighbors, one to its left (or to the West), one to its
right (or to the East), one above it (or to the North)
and one below it (or to the South). Each cell
comprises eight inputs, eight outputs, means for
multiplexing the eight inputs ontc two leads and logic
means that operate in response to the signals on the
two leads to produce output signals which are applied
to the eight outputs. The bus network comprises a
local, a turning and an express bus for each row and
column of the array and repeater means for partitioning
said buses of a given row or column so as to form bus
segments. The bus network, provides for transfer of
data to the cells of the affay without using the cells
as individual wires.

FIGURE 1
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nected in series with two outputs of a first cell con- nected to two inputs
of a second cell and two out- puts of said second cell. com Wﬂ'@ﬂ/‘gh@ t wWo
inputs of a third cell, whereby when each cell provides an ex- C iSfEEEQR
function on one output and a | ogical NAND function on a second output with
respect to its inputs, the first cell provides at its outputs the
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exclusive OR and NAND of its inputs,'the second cel | providqﬁgi% Ebﬁ
out puts the exclusive NOR and NOR of the inputs to the first p, ENG SHEET
third cell provides at its outputs the AND and the OR of the inputs to the

first cell.
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REPLACEMENT SHEET - 15 - 2 A programmable logic array as clained in Caim

1, wherein the logic neans has two output |eads, one of which is
distributed to each of its four nearest neighbor cells, and tﬁﬁﬁﬂﬁﬁgMﬁNﬂSHEEr

which is also djs-
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tributed to each of its four nearest nei ghbor cells. 3 A programmabl e
Fogic array as clainmed in Caim1, wherein the inputs and outputs
associated with the four nearest-nei ghbor cells are functi qq\;? I lva- .
lent. 4. A progranmable logic array as clained in Caimi, é‘AéFﬁgMﬁ@_HEﬂ
mul ti pl exi ng means conprises first and
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second mul ti pl exers each of which has at |east four inputs, each Al ET
ffour inputs to the first multiplex- er comng froma differeﬁﬂﬁﬁﬁggyiﬁgﬁgE
four nearest- neighbor cells and each of said four inputs to the second

mul tipl exer conming froma different one of the sanme four nearest-nei ghbor
cells.
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