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PROGBAMMABLE LOGIC CELL AHO ARRAY 

cross Reference to Related 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 "Proqrammable Asynchronous Logic 

Cell and Array", U.S. Patent 4,918,440 for 
"Proqrammable Loqic Cell and Array", Application No. 
07/378,106 filed July ll, 1989 for "Proqrammable Logic 
Cell and Array", and Application No. 07/427,160 filed 

10 October 25, 1989 for "Programmable Loqic Cell and 
Array". 

Field of the Invention 
This invention relates to the field of digital 

15 loqic circuits and, more particularly, to proqrammable 
and reprogrammable logic devices. 

Background of the Invention 
U.S. Patent Application No. 07/427,160, describes 

20 a two dimensional array Of pr09'rammable loqic 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 
nearest neiqhbors. Each cell performs selected 

25 . 
operations on one of the "A" inputs and one of the "B" 
inputs to generate outputs on two "A" outputs ano two 
"B" outputs. There are exactly four unique 
combinations of inputs to (or outputs from) such cells, 

30 i.e. , the "A" inputs can co:me from the nearest neiqhbor 
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 co:me from the other two cells. The 
four cells havinq these four combinations of inputs are 

35 identified as cells 20A, 20B, 20C and 200 of Fiqs. 1 
and 2A-2D of the '160 application. As discussed in the 
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'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 

5
sent impose severe desiqn limitations.on the use of 
such cells in an array of cells. If cells of only one 
type are used, siqnal propaqation in the array can qo 

in only one direction in each dimension. 
Alternatively, as shown in Fiq. l of '160 application, 

10 
the four cell types can be assembled into one array to 
provide for siqnal flow in both directions in both 
dimensions. However, this arranqement tends to be 
inefficient in its use of cells. 

one object of the present invention is to provide 

15 a loqic cell for use in a programmable loqic array, 
wherein each lQCJic cell is functionally identical. 

Another object of the present invention is to 
provide a means for transmittinq data within the array 
by means other than the interconnection of individual 

2o loqic cells so as to minimize the time required to 
transmit data within the array. 

Snppnary of the Inventiqn 
The present invention is an array of prQCJra:mm.able 

25 lOCJic cells. In a preferred embodiment, each loqic 
cell has at least eiqht inputs, eiqht outputs, means 
for multiplexing the eight inputs onto two leads and 
loqic means that operate in response to the siqnals on 
the two leads and control bits, to produce output 

JO siqnals which are applied to the eiqht outputs. 
The loqi~ cells of the array are arranqed in a 

two-dimensional matrix such that each cell has four 
nearest-n~iqb):)or cells, one to its left (or to the 
West), one to its riqht (or to the East), one above it 

35 (or to the North) and one below it (or to the south). 
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Siqnal flow is possible in both directions in both 
dimensions. 

Accordinq to the present invention, the loqic 
cells forminq the two-dimensional arr~y are the same. 

5
More specifically, in forming the two-dimensional 
matrix, the interconnection of every cell with each of 
its four neiqhborinq cells is functionally identical. 
In each direction, the cell has two inputs and two 
outputs which are connected to the two outputs and two 

10 
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 
orientation. 

In addition, the present invention provides a bus 

15 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. Accordinq 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 rectanc;ular blocks of cells to form an arrangement that 

can be repeated indefinitely. 
Tb• 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 diqital data from either the basic array 
of cells or the bus network to an input/output port. 

Brief Description of the QrBwinqs 
These and other objects, features and advantaqes 

35 of the invention may be better understood by referrinq 
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to the following detailed description, which should be 
read in conjunction with the accompany.ng drawing in 
which: 

Fig. l is a schematic illustratipn of a preferred 

5 
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 

0 
the present invention; 

t -
Fig. 3 is a block diaqram depicting the internal 

structure of a cell of Fig. 2; 
Figs. 4A-40 are diagrammatic illustrations of a 

set of possible states of a loqic means in a cell of 

i!> Fig. 3 ;_ 
Fiq. 5 is a diagrammatic illustration depicting 

further details of the bus network superimposed on an 
array of cells according to the present invention; 

Fiq. 6 is a diaqrammatic illustration of the 

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

Fiq. 1 is a diaqramaatic illustration of the 
interconnection scheme between the array of Fig. 2 and 
turninq ·bus seqments of the bus network; 

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

Fiq. 9 is a diaqramaatic illustration of a set of 
connections that can be implemented by a repeater of 

30 the bus network; 

35 

Fig. 10 is a block diaqram depicting a clock 
distribution network accordinq to the present 
invention; and· 
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Fiq. 11 is a block diaqram depictinq the interface 
between the array of the present invention and an 
input/output port. 

5 
Detailed Description of the Drawings 

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 
arranqed in a two-dimensional matrix of rows and 

10 
columns and are interconnected by bus network 12 by 
connections not shown in Fiq. l. The cells are also 
interconnected by a two-dimensional array of direct 
connections between a cell and its four nearest 
neiqhbors, (i.e., the four cells immediately adjacent 

15 to the North, East, south and West). The bus network 
12, wh~ch 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 eiqht input• 3la, 
J2a, 33a, J4a, Jlb, 32b, 33b, 34b and eight outputs 
4la, 42a, 43a, 44a, 41b, 42b, 43b, 44b. Each ce·11 22 

JO 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 

35 cell has an A input, .an A output, a B input and a B 
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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 Fiq. 3, the cell 22 comprises .a four-to-one 
multiplexer 52, a six-to-one multiplexer 54 and a loqic 
unit 56. Logic unit 56 can implement any one of a 
plurality of operations, such as, a direct wire, a 

10 
switch, a logical NANO function, an exclusive OR 

function, a flip-flop or a loqical constant. Each cell 
is controlled by eiqht conf iquration bits that are 
suppiied to the cell by control lines (not shown) from 
a conf iquration control (not shown) such as a 

15 read/write memory. The confiquration 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 31a, 32a, 33a, 34a are applied 
to multiplexer 52 and the four "B" inputs 31b, 32b, 
J3b, 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 loqic unit 56. Similarl¥, 
multiplexer 54 connects one of the six "B" inputs to a 
lead SSb to logic unit 56. Each multiplexer 52, 54 is 
controlled separately by two and three conf iquration 

JO 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 loqic 
unit 56 via leads 55a, 55b. 

Logic unit 56 is a two-input, two-output device 
35 which selectively implements one of four possible 
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combinations of operations as specified by two 
confiquration bits. Loqic unit 56 performs the 
selected operation on the input siqnals on leads 55a, 
55b so as to generate output signals ~n leads 57a, 57b. 

5 
The signal on lead 57a is applied to the "A" outputs 
4la, 42a, 43a, 44a and the siqnal on lead 57b is 
applied to the "B" outputs 41b, 42b, 4Jb, 44b. As 
discussed below, the siqnal on lead 57a can also be 
provided to the bus network via driver 86 under control 

10 
of another configuration bit. 

Preferably, loqic unit 56 comprises a NANO gate 
61, an XOR qate 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 conf iquration 
bits. Fiqs. 4A-D illustrate the four configurations 
(or states) in which the loqic unit may be placed. 
More specifically, Fiq. 4A illustrates a first 
configuration, wherein the four "A" outputs are 

20 loqically connected to a sinqle-selected "A" input and 
the four "B" outputs are loqically connected to a 
single selected "B" input. Fiq. 48 illustrates a 
second conf iCJUJ9ation, wherein the selected "A" input is 
loqically connected to the four "B" outputs and the 

25 selected "B" input is loqically connected to the four 
"A" outputs. Fiq. 4C illustrates a third configuration 
in which a logical NANO function and a loqical 
exclusive OR function are implemented by the loqic unit 
56. The loqical NANO of the selected "A" input and the 

30 selected "B" input is provided on the four "A" outputs. 
The loqical exclusive OR of the selected "A" input and 
the selected "B" input is provided on the four "B" 
outputs. Finally, Fiq. 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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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" .. 

5 
outputs. A logical "l" (or high signal) is provided on 
the four "B" outputs. As shown in Fig. 10 below, each 
o· 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 

10 
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. l and 5, repeaters 24 are positioned so as to 
span eight consecutive cells 22, thereby forming an a x 
8 block of cells. As su99ested in Fig. s, this 
arrangement is repeated indefinitely to form arrays of 
whatever size is desired. Note, however, that the 

25 direct corinections illustrated in Fiq. 2 are continuous 
throu9hout 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 Fiq. 6, the bus network 
comprises eiqht vertical local bus segments 25a - 25h 
and eiqht horizontal bus segments 2Si - 25p. Each 
local bus segment 25a - 25p spans eight consecutive 
cells. As shown in Fiq. 6, leads 72, 74 provide inputs 

35 to each cell 22 from its associated horizontal and 
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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 checkerb?ard pattern is 

5 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 

10 ~ 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 lo.cal bus segment by means of driver 8 6, 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 bu•. 

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 
transmittinq to the local bus segment), the open­
collector capability is turned on and the local bus 
segment is pulled hiqh throuqh a passive pull-up 

35 resistor. Thus, any unused local bus seqment provides 
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a loqical "1" to any cell readinq the bus seqment. If 
only one cell is transmittinq to a given local bus 
seqment, the open-collector function of driver 86 of 
all cells capable of driving that bus.seqment is off, 

5 
and the driver of the transmittinq cell can output 
either an active "l" or active "O". If more than one 
cell is driving the same local bus seqment, 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 

10 
any one of the outputs of the cells driving the local 
bus segment is a logical 110 11

, then the bus segment is 
pulled low, thereby providing a loqical 11 011 to any cell 
readinq the bus seqment. 

15 Fig. 7 depicts the connection scheme for the 
turninq 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 seqments 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 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 

JO 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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in the vertical direction, and ~ versa, thereby 
providinq for 90° turns within the bus network. 

Fiq. 8 illustrates the connection scheme for the 
express buses of the bus network for an 8 x 8 block of .. 

5 cells 22. As was the case for the local and turning 
bus seqments, there are 16 express bus seqments 27a -
27p for an 8 x 8 block of cells. However, unlike the 
local or turninq bus· seqments, the express bus seqments 
are connected solely to the repeaters 24. Thus, an 

10 
express bus seqment is the fastest means provided for 
transmittinq data between two repeaters of a given row 
or column. 

Repeaters 24 connect the bus seqments of one n x n 
block of cells to the bus segments of the adjacent n x 

15 n block of cells. Each repeater 24 is proc;rammable so 
as to allow any one of the three bus seqments 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. In 
particu~ar, a bus seqment 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. •· the local bus connected to one side of the .. · 
repeater is not connected to any bus on the other 
side). 

30 Fiq. 9 illustrates the various connections that 

35 

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 
nwaerous other connection arranqeaents are possible. 
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Another function of each repeater is to provide 
siqnal reqeneration. Illustratively, this is 
accomplished by providinq a driver for each bus line. 
As a result, each repeater connection.is 
unidirectional. Advantaqeously, the direction of s. 
siqnal flow for each repeater connection is 
pr.oqrammable. 

The array of the present invention also provides a 
clock distribution network for the distribution of 

10 
clock siqnals to the o-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 comprisinq 

15 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 ~nd the "A" output of 

20 the cell at the head of the column. The output of the 
multi~lexer o~ a given column provides the clock siqnal 
to D-type flip-flop 65 of each cell 22 of the qiven 
column. 

In response to two configuration bits, each 
25 multiplexer selects a siqnal 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 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 "O" to columns 
containing no registers so as to reduce power 
dissipation. 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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input, the "A" output, can provide a clock sic;nal to a 
single column of cells. 

Fig. ll is a block diagram of the interface 
between the array and an input/output· port 92; 

5 
hereinafter referred to as an I/O pad. According to 
the present invention, for each I/O pad 92 the 
interface comprises an input buffer 94, an output 
buffer 96, a four-input multiplexer 98 and two 
two-input multiplexers lOO, 102. Additionally, there 

10 
are two adjacent cells.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 
"output" cell 95. 

As shown in Fig. 11, the output buffer 96 and 

15 input buffer 94 are both connected to the I/O pad 92. 

The input buff er 94 drives the input cell 93 through 
the edge-facing "A" input of the input cell. The ed9e­
facin9 "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 proqrammable 
' configuration bits. For example, the threshold level 

of the input buffer 94 is selectable to either TTL or 
CMOS and the slew rate of the output buff er 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/O 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 buff er 96 is programmable to one of two 
30 states: a "CONFIGURE" mode or a "RON" 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 th~ tri-state function Of output buffer 96 Via 

35 multiplexer 100. In the RUN mode, the A output of the 

iliii~f 
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output cell 95 is connected to the output buffer 96 via 
multiplexer 102 and a control siqnal is connected to 
the tri-state function of the output buff er 96 via 
multiplexers 98, 100. 

Two confiquration bits control multiplexer 98 to 
select one of four siqnals for controllinq the tri-
state function of the output buffer 96. one of the 
four control siqnals is a loqical "O", which turns the 
tri-state function of the output buffer 96 off, thereby 

10 allowinq 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 control siqnal is a logical "1", which turns 
the tri-state function of the output buffer 96 on, 
thereby electrically disconnectinq the output buffer 96 

-15 from th~ I/O pad 92 (i.e.,. I/O pad can function only as 
an input port). The third and fourth control siqnals 
are the siqnals transmitted on the output cell's 95 
associated local vertical and horizontal bus. The 
siqnals transmitted on the bus are either a loqical 

20 hiqh or loqical low and function to control the I/O pad 
as described above~ 

Finally, each input cell 93 and each output cell 
95 associated with an I/O pad 92 are connected directly 
to express buses. As shown in Piq. 11, the edqe-facinq 

25 A input of the output cell 95 and the edqe-facinq A 
output of the input cell" 93 are connected to express 

, 
buses 104, 106. These buses provide a rapid means of 
routinq input/output siqnals into and out of the array. 

The-loqic cells of the present invention make the 
·30 array especially well-suited for reqister-intensive, 

arithmetic and loqic applications. This is 
accomplished by the inclusi_on of a reqister and a half 
adder (XOR and NAND) in the loqic unit of each cell. 
Any of the basic loqic functions can be implemented by 

35 interconnectinq multiple cells and repetitively 
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performing the exclusive OR and NANO function. For 
example, to produce the logical ANO, 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 

5 
first cell provides the logical NANO of the selec~ed 
":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 

10 
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 
siqnals 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 foreqoinq 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 
acc01111odate 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 

JO with its nearest-neiqhbor 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
neiqhbor celis in one or both directions in additional 

35 dimensions. In particular, for each additional 
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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 

5 
additional two A outputs and two B oufputs, one A and 
one B output to each cell. Finally, althouqh the cells 
of the preferred embodiment are conceptually located on 
a plane, it is possible to connect the cell inputs and 
outputs on one edqe of the array to the inputs and 

10 
outputs of the cells on the opposite edqe of the array. 

15 

20 

25 

30 

35 

For example, in a two dimensional array, connectinq the 
cells on two opposite ends of the array results in an 
array that can be conceptually viewed as a toroid. 

iiU!ii1ii iif 
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Wbat is claimed is: 
I llllll/ llllll lllll lllll II llll 

* C l M S * 

l. A proqramm.able loqic array comprising: 
a plurality of loqic cells, wherein each cell 

S except those at the edqes Of the array has four 
nearest-neiqhbor cells, one to the left (or West), one 
to the riqht (or East), one above (or to the North) and 
one below (or to the South) so as to form an array in 
which said loqic cells are aligned in rows and columns, 

10 
each cell comprisinq: 

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

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

15 means for storinq a plurality of control 
bits, 

means for multiplexinq the eiqht inputs onto 
first and second input leads, the inputs connected to 
said input leads beinq specified by control bits stored 

20 in said storinq means, and 

25 

loqic means for qeneratinq signals on said 
outputs in response to siqnals on said input leads and 
control bits stored in said storinq means. 

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

3. The apparatus of claim 1 wherein the inputs 
JO and outputs associated with the four nearest-neighbor 

cells are functionally equivalent. 

35 

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



W092/08286 PCT/US9t/08095 

5 

JO 

- 18 -

.. , 1111111· 111111 1111111111111111 
. * C L M S * 

s. The apparatus of claim 1 wherein the loc;ic 
means implements an exclusive OR and a NANO function. 

6. The apparatus of claim 1 wherein the loc;ic 
means implements a flip-flop. 

7. The apparatus of claim 1 wherein the 109ic 
means provides a constant 109ic sic;nal to at least one 
of the outputs. 

8. · The apparatus of claim l wherein the 
multiplexinc; means comprises first and second 
multiplexers each of which has at least four inputs, 
each ~f said four inputs to the first multiplexer 

15 comin9 from a different nearest-nei9hbor cell and each 
of said four inputs to the second multiplexer comin9 
from a different one of the same nearest-nei9hbor 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 outputs of said second cell are 
connected to the inputs of third cell, whereby when 
each cell provides an exclusive OR and logical NANO 

30 function on its outputs in the respect to its inputs 
the first cell provides at its outputs the exclusive OR 
and MAND of its inputs, the second cell provides at its 
outputs the ex~lusive 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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11. In a two dimensional array of loqic 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 trapsmitting signals 

5 
within the array comprisinq: 

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 

10 
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 loqic cells. 

12. The apparatus of claim ll wherein the 

15 repeater.means forminq the bus segments are aligned in 
rows and columns which partition said array of cells 
into rectanqular blocks of said cells. 

13. The apparatus of claim 11 wherein each local 

20 bus segment is connected to every.cell spanned by that 
bus s,eqment 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 e~ectrical 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. 

35 

16. The apparatus of claim 11 wherein the 
repeater means is proqra:mmable to connect any bus 
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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 . 
5 

repeater means provides electrical siqnal reqeneration 
for each proqrammable connection. 

18. The apparatus of cla~m 11 wherein the 
repeater means is programmable so as to select the 

10 
electrical siqnal direction through ~he repeater means 
for a qiven bus connection. 

19. A programmable logic array compr1s1n9: 
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 column. 

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 expr~ss bus and said fourth input coming from the 
output of a loqic cell. 

35 
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21. The apparatus of claim 19 wherein the timinq 
siqnal provided to the loqic cells of a qiven column of 
the array is independent from the timinq siqnal of any ' 
other column of the array. 
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