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[57 ABSTRACT

A programmable logic device includes a configuration
memory expanded to store two or more complete sets
of configuration data. A switch on the output of the
configuration memory controls the selection of the
configuration data applied to the configurable logic
block. Each configurable logic block has one data stor-
age device per set of configuration data. The configura-
ble logic blocks may be re-configured within a user’s
clock cycle.

During a first period, the switch on the output of the
configuration memory selects and passes configuration
data from the first set of configuration data. The con-
figurable routing matrix and configurable logic block
are configured according to this first set of configura-
tion data and store results in a first storage device. Dur-
ing a second period, the switch selects and passes the
second set of configuration data. Then the configurable
routing matrix and configurable logic block are config-
ured according to the second set of configuration data,
the function generator performs the second logic func-
tion, and the outputs are passed or stored by the second
output device. At the end of the last period the function
is available to the user.

35 Claims, 13 Drawing Sheets
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PROGRAMMABLE LOGIC DEVICE WHICH
STORES MORE THAN ONE CONFIGURATION
AND MEANS FOR SWITCHING
CONFIGURATIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to programmable
logic devices, and in particular to a system for re-con-
figuring the configurable logic blocks and the program-
mable routing matrices of a field programmable gate
array.

2. Description of the Related Art

The use of programmable logic devices such as field
programmable gate arrays (“FPGAs™) has become
widespread because of the flexibility provided by their
re-programmability. An FPGA typically includes an
array of configurable logic blocks (“CLBs”) that can be
programmably interconnected to each other to provide
the logic function desired by the user. The Xilinx 1993
data book entitled “The Programmable Logic Data
Book,” available from Xilinx, Inc., 2100 Logic Drive,
San Jose, Calif. 95124, describes several FPGA prod-
ucts made by Xilinx, Inc., assignee of the present inven-
tion. This data book is incorporated herein by reference.
An FPGA typically includes a regular array of identical
CLBs. Each of the CLBs may be individually pro-
grammed to perform any one of 2 number of different
logic functions. The FPGA has configurable routing
matrices for coupling the CLBs together according to a
desired configuration. The FPGA also includes a num-
ber of configuration memory cells. The configuration

memory celis are coupled to the CLBs for specifying 3

the function performed by each CLB, and to the con-
figurable routing matrices for specifying the coupling of
the inputs and outputs of the CLBs. The FPGA also
typically includes data storage memory cells accessible
to a user during operation of the FPGA, but the discus-
sion here of memory cells refers to configuration mem-
ory cells. Each CLB is coupled to several memory celis
that specify the function that the CLB will perform, and
the other CLBs to which it will be coupled. Thus, by
storing different values in the memory cells, each CLB
may be individually programmed as to its function and
coupling.

The configuration data for the CLBs and the configu-
rable routing matrices is stored in the configuration
memory cells. The configuration data, once loaded into
the configuration memory cells, selects the functions
performed by the CLBs and connects the configurable
routing matrices.

Recently, there has been a dramatic increase in the
complexity and size of logic circuits used in a variety of
applications. Since the number of CLBs that can be
fabricated on a single integrated circuit chip is limited,
this increasing number of circuit elements cannot be
implemented with a single FPGA. Thus, there is a need
to improve the efficiency with which CLBs implement
logic functions.

One prior art approach to solve this shortcoming of
existing FPGAs has been to connect multiple FPGAs
externally. This approach, however, is only a partial
solution. Due to the limited number of input/output
connections between the FPGAs, not all circuits can be
implemented by this approach. Moreover, using more
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than one FPGA increases the power consumption, cost,
and space required to implement the circuit.

Another solution has been to increase the number of
CLBs and interconnecting structures in the FPGA. For
any given fabrication technology, there will be limita-
tions to the number of CLBs that can be fabricated on
an integrated circuit chip. Thus, there continues to be a
need, from an architectural standpoint, to increase the
logic gates or CLB densities for FPGAs.

While the prior art FPGAs may be re-configured to
perform different logic functions at different times, it is
necessary to reload a bit stream, which is time consum-
ing. Re-configuration of an FPGA requires suspending
the implementation of the logic functions, saving the
current state of the logic functions in 2 memory device
that is off the FPGA, re-loading the array of memory
configuration cells, and inputting the states of the logic
functions along with any other inputs. The re-loading of
the configuration memory cells, itself, requires an
amount of time that makes re-configuration not viable
for implementing many circuits. It is more beneficial to
increase the number of logic functions that are per-
formed within an FPGA without sacrifices in speed and
space.

SUMMARY OF THE INVENTION

The present invention increases the number of logic
functions that may be implemented within an FPGA by
internally re-configuring the CLBs and the configurable
routing matrices to perform multiple logic functions.
The present invention comprises more than one array of
configuration memory cells and a switch to output con-
figuration data alternately from each of the arrays, a
CLB having a special storage device, and a configura-
ble routing matrix. A first array stores one set of config-
uration data, a second array stores a second set of con-
figuration data, and so forth. Each CLB accesses a
storage device that has a first data latch for storing
inputs or outputs of the CLB when the CLB is config-
ured according to the data stored in the first array, a
second data latch for storing inputs or outputs of the
CLB when the CLB is configured according to the data -
stored in the second array, etc. Each storage device
may also include a first register for clocking out or in
data from the first data latch and a second register for
clocking out or in data from the second data latch.

The user of the FPGA inputs a clock signal on which
the FPGA will operate. One embodiment of the present
invention divides the user’s clock cycle into two por-
tions and provides storage devices to receive outputs of
the CLBs.

During the first portion, the switches output the con-
figuration data stored in the first array, and the CLBs
and configurable routing matrices are configured ac-
cording to the configuration data stored in the first
array. In this first portion, the FPGA executes a first set
of logic functions of the signals input to the CLBs. The
output of the second data latch and the second register
are available as input signals to the CLBs. After all
CLBs have performed their logic functions of the in-
puts, the output of each CLB is stored in the first data
latch of the output device of the CLB.

During the second portion, the switches output the
configuration data stored in the second array, and the
CLBs and configurable routing matrices are configured
according to the configuration data stored in the second
array. The FPGA then executes the logic functions of
the inputs to the CLBs. After the CLBs have performed
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their logic functions of the inputs, the output of each
CLB is stored in the second data latch of the CLB.
During this second portion of the user’s clock cycle, the
outputs of the first data latches and the first registers are
available as inputs to the CLBs.

At the end of the user’s clock cycle, the data stored in
the first and second latches may be transferred into the
first and second registers, respectively. The FPGA then
outputs the results of its function. Where each CLB of
the prior art could implement one logic function during
a cycle of the user’s clock, each CLB, according to the
embodiment having two arrays of configuration data,
may implement two logic functions during a cycle of
the user’s clock. Thus, the above embodiment has dou-
bled the number of logic functions that the FPGA can
implement over the prior art. More generally, if the
FPGA includes five or ten arrays of configuration data
and five or ten latches and registers for each CLB, the
FPGA can implement five or ten times the logic of a
prior art FPGA.

BRIEF DESCRIPTION QF THE DRAWINGS

FIG. 1 is a block diagram showing one embodiment
of an FPGA with which the present invention may be
used;

FIG. 2 is a block diagram showing a column of the
array of configuration memory cells of a prior art
FPGA;

FIG. 3 is a block diagram showing a column of the
first array of configuration memory cells, a column of
the second array of configuration memory cells, a third
column of memory cells, and a switch for alternately
coupling the first and second columns according to the
present invention;

FIG. 4 is a block diagram showing an alternative
embodiment of the configuration memory of the present
invention;

FIG. § is a block diagram showing a prior art con-
figurable logic block of an FPGA;

FIG. 6A is a block diagram showing a configurable
logic block according to one embodiment of the present
invention;

FIG. 6B is a block diagram showing a configurable
logic block according to another embodiment of the
present invention;

FIG. 6C shows a configurable routing matrix with
which the invention may be used;

FIG. 7 is a timing diagram showing the A/B control
signal, the latching signals, and the register clocking
signal during operation;

FIG. 8 is a timing diagram showing a register clock-
ing signal, a first alternative A/B control signal, A/B-1,
and a second alternative A/B control signal, A/B-2;

FIG. 9 is a circuit diagram of an exemplary logic
circuit that may be implemented by an FPGA;

FIG. 10 is a block diagram showing the implementa-
tion of the exemplary logic circuit of FIG. 9 utilizing a
prior art FPGA; and

FIG. 11 is a block diagram showing the implementa-
tion of the exemplary logic circuit of FIG. 9 utilizing
the FPGA of the present invention.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring now to FIG. 1, a block diagram of a field
programmable gate array (“FPGA”) 10 is shown. The
FPGA 10 comprises a plurality of tiles 12, each of
which in turn comprises a configurable logic block
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(“CLB”) 14, a configuration memory 16, and a configu-
rable routing matrix 18. The routing matrices 18 con-
nect to each other and thus interconnect the CLBs. The
routing matrices also connect to external pins on lines
44. Typically the routing matrices 18 include both
global lines for carrying such signals as clock signals
and local lines or line segments for inter-connecting the
CLBs. The user of the FPGA 10 inputs a clock signal,
the user’s clock, on which the FPGA 10 will operate.
The user’s clock signal (or signals) is carried to all parts
of the FPGA 10 on one (or more) of the lines 44.

Each tile 12 implements a portion of a user’s circuit.
The logic function of each tile 12 is carried out by its
respective CLB 14. Each CLB 14, and thus each tile 12,
is capable of performing a great multitude of different
logic functions. The logic function performed by a CLB
14 is determined by the data stored in the configuration
memory 16 corresponding to the CLB 14. The CLB 14
has inputs for logic function data and configuration data
and has outputs for logic function data.

Each CLB 14 is coupled to other CLBs 14 of the
FPGA 10 and to the inputs and the outputs of the
FPGA 10 through the configurable routing matrix 18.
The configurable routing matrix 18 has configuration
inputs for receiving configuration data and in response
controls the coupling of the data inputs and outputs of
the CLBs 14. According to the data stored in the con-
figuration memory 16, the configurable routing matrix
18 selectively connects the outputs of CLBs 14 and the
inputs of the FPGA 10 to the data inputs of CLBs 14.
The configurable routing matrix 18 also directs the
outputs of the CLBs 14 to the outputs of the FPGA 10.

In an embodiment which latches function generator
outputs separately for separate cycles, the configurable
routing matrix 18 and CLB 14 are larger than in a com-
parable device built according to the prior art. The
number of outputs of the CLB 14 is greater than in the
prior art, and therefore the configurable routing matrix
18 is also larger to accommodate the additional outputs
of the CLBs 14. The configurable routing matrix 18 is
coupled to the corresponding CLB 14 and to other
routing matrices 18.

Configuration data for each CLB 14 and each con-
figurable routing matrix 18 of a tile 12 are stored in the
corresponding configuration memory 16. The configu-
ration data are loaded into the configuration memory 16
from outside the FPGA 10, and may be loaded through
a shift register having at least one external pin. Such a
loading means is discussed by Freeman in Re U.S. Pat.
No. 34,363 incorporated herein by reference. The out-
puts of each configuration memory 16 are coupled to its
respective CLB 14 and configurable routing matrix 18.

CONFIGURATION MEMORY

Referring now to FIG. 2, a block diagram of a por-
tion of a prior art configuration memory 15 is shown.
The prior art configuration memory 15 comprises a
plurality of memory cells 20-1 to 20-n arranged in an
array. FIG. 2 shows one column 22 of the array. The
actual array has many columns.

Each memory cell 20-1 to 20-n stores a single bit of
binary data. Each memory cell 20-1 to 20-n has a data
input, a data output, and an address input. Data are
stored in the memory cells 20-1 to 20-n in response to an
addressing signal. Data are stored in the array a column
at a time. The address signal is carried to the memory
cells 20-1 to 20-n on an address bus 24 that is coupled to
the address input of each memory cell 20-1 to 20-n.
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Thus, the address inputs of the memory cells 20-1 to
20-n in the same column 22 are coupled together. The
data inputs of the memory cells 20-1 to 20-n are coupled
to a conventional data bus to receive configuration data.
The outputs of the memory cells 20-1 to 20-n are cou-
pled to the CLB 14 and to the configurable routing
matrix 18. The address line 24 is part of a conventional
bus that is coupled to an addressing means. Those
skilled in the art will recognize how to construct the
addressing means and the configuration means.

Referring now to FIG. 3, a block diagram of a por-
tion of a configuration memory 16 constructed accord-
ing to the present invention is shown. The configuration
memory 16 of the present invention comprises a first set
of memory cells 21-1 to 21-n, 2 second set of memory
cells 23-1 to 23-n, and a switching means 28 having a
plurality of switches 28-1 to 28-n. While the first set of
memory cells 21-1 to 21-n will now be described as a
first array and the second set of memory cells 23-1 to
23-n as a second array, those skilled in the art will real-
ize that there may be more than two arrays. Alterna-
tively, the first and second arrays may be portions of a
single array and may even be alternating cells in a col-
umn of configuration memory cells. FIG. 3 shows a
column 26-a of the first array and a column 26-b of the
second array. In an actual device, each array has many
columns for configuring many tiles 12 of FIG. 1. The
first array and the second array both store a complete
set of configuration data for the CLBs 14 and the con-
figurable routing matrices 18. Thus, the configuration
memory 16 according to the present invention includes
more memory cells 21-1 to 21-n, 23-1 to 23-n than the
prior art configuration memory 15 included. In accor-
dance with the present invention, each CLB 14 and
configurable routing matrix 18 may be configured using
either the configuration data stored in the first array or
the configuration data stored in the second array.

Additional memory cells 31 may be provided, which
do not switch upon reconfiguration but hold a constant
configuration for a long time. Outputs of memory cells
31 also provide data for configuring the tiles 12.

As with the prior art configuration memory 15, the
address inputs of the memory cells 21-1 to 21-n, 23-1 to
23-n and 31-1 to 31-m are coupled together by the ad-
dressing line 24. Each column of the first array corre-
sponds to a column of the second array. In FIG. 3,
column 26-a corresponds to column 26-b. A column of
the first array has the same address as the corresponding
column of the second array. A column of the third array
also shares this address. Thus, when the address signal
corresponding to columns 26-a, 26-b and 31 is asserted
on the addressing line 24, column 26-a, column 26-b and
column 31 are coupled to receive data from a configura-
tion means. Data from memory cells 21-1 to 21-n, 23-1
to 23-n and 31-1 to 31-m are always available at the Q
output. The output of the first two arrays of configura-
tion memory cells 21-1 to 21-n and 23-1 to 23-n is cou-
pled to a respective switch 28-1 to 28-n. There are usu-
ally the same number of configuration memory celis 21
in the first array as there are configuration memory cells
23 in the second array. Furthermore, there are usually
the same number of switches 28-1 to 28-n in the switch-
ing means 28 as there are configuration memory cells
21, 23 in the first array or the second array.

Each switch 28-1 to 28-n has two data inputs and a
select input. A first data input of each switch 28-1 to
28-n is coupled to a respective one of the memory cells
21-1 to 21-n of column 26-a and a second data input is

6
coupled to a respective one of memory cells 23-1 to 23-n
of column 26-b. As shown in FIG. 3, the output of
memory cell 21-1 of column 26-a and the output of
memory cell 23-1 of column 26-b are coupled to the first

5 and second inputs of switch 28-1, respectively. Like-

wise, the output of memory cell 21-2 of column 26-a and
the output of memory cell 23-2 of column 26-b are
coupled to the first and second inputs of switch 28-2,
respectively. In the embodiment shown in FIG. 3, the

10 switches 28-1 to 28-n are 2:1 multiplexers. Each switch

28-1 to 28-n passes either the signal at the first data input
or the signal at the second data input in response to a
signal applied to the select input. The select input of
each switch 28-1 to 28-n is coupled to the A/B line 30

15 for receiving the A/B select signal. When the A/B

select signal is “high,” the switches 28-1 to 28-n pass the
inputs from the memory cells 21-1 to 21-n of column
26-a. When the A/B select signal is “low,” the switches
28-1 to 28-n pass the inputs from the configuration

20 memory cells 23-1 to 23-n of column 26-b. The outputs

of the switches 28-1 to 28-n are coupled to the CLB 14
and to the configurable routing matrix 18. By asserting
and not asserting the A/B select signal on the A/B line
30, the configuration data stored in the first array and

25 the configuration data stored in the second array are

selectively passed to the CLB 14 and the configurable
routing matrix 18. Thus, the CLBs 14 and the configura-
ble routing matrices 18 may be re-configured according
to the two alternative sets of configuration data. Since

30 the switches 28-1 to 28-n can switch very quickly, the

configuration data provided to the CLB 14 and the
configurable routing matrix 18 may be quickly switched
between a first set of configuration data stored in the
first array and a second set of configuration data stored

35 in the second array. In this embodiment, the switching

is of such a speed that the CLB 14 and the configurable
routing matrix 18 may be effectively re-configured
twice within a single cycle of the user’s clock.

While the switching means 28 has been described as a

40 plurality of 2:1 multiplexers, those skilled in the art will

realize that the n 2:1 multiplexers may be replaced with
a variety of other multiplexer configurations that re-
ceive 2x inputs and send x outputs. For example, the n
2:1 multiplexers may be replaced with n/4 8:4 multi-

45 plexers.

While the above embodiment of the configuration
memory 16 has been described as having a first set of
memory cells, a second set of memory cells, and a
switching means that switches between two inputs,

50 those skilled in the art will realize that additional sets of

memory cells may be provided and the switching means
28 may output the data from any one of the first, second,
or the additional sets of memory cells. Such embodi-
ments, with additional sets of memory cells, would

55 allow the CLBs 14 and configurable routing matrices 18

to be re-configured three, four, or more times within a
single cycle of the user’s clock.

Referring now to FIG. 4, an alternative embodiment
of the configuration memory 16 is shown. In this em-

60 bodiment, the multiplexers 28-1 to 28-n, memory cells

21-1 to 21-n, and memory cells 23-1 to 23-n are replaced
with column sense amplifiers 72-1 to 72-n, static random
access memory (SRAM) cells 74-1 to 74-n and 76-1 to
76-n, respectively. In this embodiment, columns 26-a

65 and 26-b are replaced with rows 78-a and 78-b, respec-

tively, which are loaded by conventional write circuits
46-1 to 46-n. Multiplexers 28-1 to 28-n are not used.
Instead, the row output signals are buffered by column

17
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sense amplifiers 72-1 to 72-n. The A/B line 30 is re-
placed with an A address line 80 and a B address line 82.
When the signal on the A address line 80 is “high” and
the signal on the B address line 82 is “low,” data in
SRAM cell row 78-a are presented to sense amplifiers 5
72-1to 72-n, and then presented to the CLB 14 and the
configurable routing matrix 18. When the signal on the
A address line 80 is “low” and the signal on the B ad-
dress line 82 is “high,” the data in SRAM cell row 78-b
is presented to sense amplifiers 72-1 to 72-n, which is
then presented to CLB 14 and the configurable routing
matrix 18. Those skilled in the art will be able to gener-
ate a means to alternately set the signal on the A address
line 80 “high” and then the signal on the B address line
82 “high.” One skilled in the art will recognize that
more SRAM cell rows 78 may be added to provide
more than two sets of configuration data, and therefore,
increase the number of times the CLB 14 and configura-
ble routing matrix 18 can be re-configured during the
user’s clock cycle.

CONFIGURATION LOGIC BLOCKS

Referring now to FIG. 5, a block diagram of a prior
art CL.B 13 is shown. The prior art CLB 13 comprises
a function generator 34, a register 36, and an output
switch 38. The function generator 34 implements logic
functions of several inputs according to the data stored
in the configuration memory 15. The particular logic
function is selected by configuration data. The inputs
are coupled to a prior art routing matrix. Configuration
data come from a configuration memory 15 associated
with the CLB 13.

The output of the function generator 34 is coupled to
the output switch 38 either directly or through the
register 36. The register 36 is a conventional data stor-
age register such as a D-flip-flop. The register 36 has a
- data input that is coupled to the output of the function
generator 34, and a clock input that is coupled to re-
ceive a user’s clock signal on one line 44-c of the lines
44. The register 36 has a data output Q.

The output switch 38 has two data inputs, one data
output, and a select input and may be a 2:1 multiplexer.
Typically, the configuration memory controls the select
input of switch 38.

Referring now to FIG. 6A, a block diagram of one
embodiment of a CLB 14 constructed according to the
present invention is shown. The CLB 14 according to
this embodiment comprises a function generator 34, a
first data latch 424, a second data latch 425, a first regis-
ter 36a, a second register 365, a first output switch 39a,
and a second output switch 395. Advantageously, the
first data latch 424, the first register 36a, and the first
output switch 39z provide the output of the function
generator 34 when function generator 34 is configured
with outputs of the first set of memory cells 21 (FIG. 3).
Thus, the data stored by the first data latch 422 or by
register 36z may be used in the second half of the user’s
clock cycle when the CLB 14 is configured according
to the second set of configuration data from memory
cells 23. The second data latch 425, the second register
36b and the second switch 395 are similarly used to
store and to route the output of the function generator
34 when it is configured according to the second set of
configuration data of memory cells 23.

The function generator 34 is equivalent to that of 65
FIG. 5 above. The data inputs of the function generator
34 are coupled to the configurable routing matrix 18,
and the control inputs are coupled to the configuration
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memory 16 of the present invention. Thus, the function
generator 34 may be re-configured by the control sig-
nals as other parts of the CLB 14 are reconfigured.

The first data latch 424 is a conventional data latch
for storing a binary bit of data. The first data latch 42a
has a data input (D), a data output (Q), and a latch
enable input (clock input). The data input of the first
data latch 42a is coupled to the output of the function
generator 34. The latch enable input is coupled to A/B
line 30 to receive an A/B signal. The first data latch 422
either latches or passes data in response to the signal
applied to the latch enable input. The first data latch 424
passes data during a first portion of the user’s clock
cycle and latches data during the second portion of the
user’s clock cycle. In this embodiment, the latch enable
signal is asserted low such that data are passed on a
“high” A/B signal and latched on a “low” A/B signal.
The second data latch 42b has the same functionality
and structure as the first data latch 42a4. The data input
of the second data latch 426 is coupled to the output of
the function generator 34. The latch enable input of the
second data latch 425, however, is coupled to a line 68
to receive the signal. Since the second data latch 425
receives a signal at its latch enable input that is the
inverse of the signal applied to the first data latch 42q,
the data latches 424, 42b will pass and latch data at
opposite times during the user’s clock cycle.

One skilled in the art will recognize that an inverter
driven from the A/B line 30 can be used to drive the
latch enable input of latch 425, and therefore eliminate
the need for the A7B line 68.

The first register 36a is a data register of the type
describe in connection with FIG. 5 above. For example,
the first register 362 may be a D-flip-flop. The data
input of register 365 is coupled to the data output of the
first data latch 42a. The clock input of the first register
36a is coupled to a line 44-c to receive the user’s clock
signal. Similarly, the second data register may be a
D-flip-flop. The data input of the second register 365 is
coupled to the data output of the second data latch 42b,
and the clock input is coupled to the line 44-c to receive
the user’s clock signal.

The first output switch 39z is a conventional switch-
ing device such as a 3:1 multiplexer. The output switch
39a, 39b has three data inputs, one data output, and a
command input. A first data input of output switch 39a
is coupled to the output of the register 36a. A second
data input of output switch 39a is coupled to the data
output of data latch 42a. In this embodiment, the output
of function generator 34 is coupled to a third data input
of output switch 39a. The output switch 39z outputs
one of the signals applied on the three inputs in response
to signals to the control inputs of the output switch 39a.
The control inputs are coupled to associated memory
cells 21, 23, or more commonly 31 in the configuration
memory 16 of the present invention and typically re-
main unchanged when the A/B line 30 switches.

The second output switch 395 is also a 3:1 multi-
plexer. The second output switch 395 includes first,
second, and third data inputs; a data output; and a pair
of control inputs. The first data input is coupled to the
output of the second register 36b; the second data input
is coupled to the output of the second data latch 425.
The third input of the output switch 395 is coupled to
the output of the function generator 34. The control
inputs are coupled to associated memory cells 21, 23, or
31 in the configuration memory 16 for controlling
which of the three inputs signal will be output from the
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second output switch 395. The output of the second
output switch 395 forms one of the outputs of the CLB
14.

This embodiment of the present invention advanta-
geously increases the number of logic functions imple-
mented by the FPGA 10 by re-configuring the CLBs 14
so that they perform more than one logic function dur-
ing a cycle of the user’s clock. A two-period embodi-
ment of the present invention divides the cycle of the
user’s clock into two periods, an A period and a B per-
iod. The A period and the B period may be, but need
not be, equal. During the A period, a two-period em-
bodiment of the present invention configures the CLBs
14 and the configurable routing matrices 18 using the
configuration data stored in the first array of the config-
uration memory 16. The CLBs 14 then perform their
logic functions, and the A period ends. During the B
period, the CLBs 14 and configurable routing matrices
18 are re-configured by applying the configuration data
stored in the second array of the configuration memory
16. The CL.Bs 14 then perform their logic functions, and
the B period and the cycle of the user’s clock ends.
Thus, in the present embodiment, the present invention
has doubled the number of logic functions that the
FPGA 10 can perform during a cycle of the user’s
clock.

FIG. 6A shows a CLB 14 when the present invention
comprises two sets of configuration data. The present
invention may comprise any number of sets of configu-
ration data. For each set of configuration data, each
CLB 14 has an additional output path including data
latch 42, register 36, and switch 39 for generating an
output signal.

In another embodiment, the data latches may be ar-
ranged so that their outputs are directed to the input,
rather than the output, of the function generator 34.
Such an embodiment is shown in FIG. 6B. In FIG. 6B,
latches 62a-624 are provided at the input of CLB 17,
and store signals present in routing matrix 18 during
two different periods of operation. Latches 62z and 62b
pass signals present on their respective D input termi-
nals when the A/B signal is high and capture the data
present when the A/B signal goes low. Latches 62¢ and
624 pass data present on their D input terminals when
the A/B signal is low and capture the data present when
A/B goes high. All four outputs of latches 62a-624 are
always provided to the [1-14 terminals of function gen-
erator 34, even though at any one time two of latches
62a0-62d are passing data from routing matrix 18 and
two are storing data received earlier from routing ma-
trix 18. Thus on the two phases of the A/B clock signal,
lines in routing matrix 18 can be used for different pur-
poses. For example, the same routing matrix line seg-
ment, or string of line segments could be used to pro-
vide a signal to latch 622 during the first phase of the
A/B clock signal, and a signal to latch 62¢ during the
second phase of the A/B clock signal. Both signals
would be used by function generator 34. Latches 62a
through 624 allow the routing matrix 18 to be conve-
niently reused during the two phases. Of course, more
than two phases may be provided by separately clock-
ing latches 62a-62d with more than two clock signals.

ROUTING MATRIX

FIG. 6C shows one embodiment of a routing matrix
18 with which the invention can be used. Also shown at
the perimeter of FIG. 6C are parts of four CLBs 14q,
14b, 14c, and 14d. Transistors in routing matrix 18 are
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represented by short lines extending between lines

which they may connect. For example, transistor T61

extends between routing line R61 and input line 14 in

CLB 14b. Transistor T62 can connect the output of
5 multiplexer 395 in CLB 14¢ to routing line R61. Tran-
sistor T63 can connect routing line R61 to routing line
R63 and transistor T64 can connect routing line R61 to
routing line R64. Control of each transistor is provided
by a line from configuration memory 16 to the gate of
the transistor. For simplicity in the drawing, most tran-
sistors are not labeled and the connections from config-
uration memory 16 to each gate are represented by a
single line to each of switch boxes S61, S62, S63, and
S64. Other routing matrices are shown in the 1993
Xilinx data book incorporated by reference. The pur-
pose of FIG. 6C is to illustrate the relationship between
the routing matrix 18, the CLBs 14, and the configura-
tion lines from configuration memory 16. The novel
aspect of FIG. 6C is that signals from configuration
memory 16 can reconfigure routing matrix 18 in con-
junction with reconfiguring the CLBs 14, and thereby
use the same routing line in routing matrix 18 for more
than one connection, as discussed above.

MODES OF OPERATION

The present invention provides three modes of opera-
tion of the CLBs 14. The CLBs 14 may be used to im-
plement a simple, high speed, asynchronous, combina-
torial logic function. This first mode exists when the
configuration data stored in the first array are identical
to the configuration data stored in the second array. In
this mode, the first and second output switches 39a, 395
are configured to receive and pass directly data output
by the function generator 34. The B output path is ei-
ther not used, or the outputs of the switches 39a, 395 are
coupled together to form a single output path. The A/B
signal on the line 30 and the user’s clock signal on the
line 44 may be asserted, but this first mode does not
utilize the data latches 424, 42b and the registers 36,
36b. Therefore, the A/B signal and the user’s clock
signal are ignored. This mode does not utilize the ability
of the present invention to increase the number of logic
functions implemented by the FPGA 10.

The second mode of operation is a high speed regis-
tered mode. This mode is synchronous. As with the
high speed asynchronous mode, this second mode exists
when the configuration data stored in the first and sec-
ond arrays are identical. The A/B signal is not asserted
(held high) so that the first data latch 42z passes data to
the first register 36a during both the A and B periods of
the user’s clock cycle. Then on the next rising edge of
the user’s clock, the data passed through the first data
latch 424 are clocked into the first register 362. In this
mode, the output of the CLB 14 does not change until
the beginning of the next cycle of the user’s clock. This
mode does not utilize the B output path and does not
utilize the ability of the present invention to increase the
number of logic functions implemented by the FPGA
10 of the present invention.

Referring now to FIG. 7, the third mode is discussed.
A timing diagram showing the re-configuration control
signals within the FPGA 10 of the present invention is
shown. FIG. 7 shows two cycles of an exemplary user’s
clock, two cycles of an exemplary A/B signal, two
cycles of an exemplary A/B’ signal, four exemplary
states of the latch 424, four exemplary states of the latch
425, two exemplary outputs of the register 364, and two
exemplary outputs of the register 365. While the A/B
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and A/B’ signals are shown to transition at the mid-
point T?, in the cycle of the user’s clock, such a division

is not required. The A/B signal may divide a cycle of
the user’s clock at many intermediate points. A limita-
tion on the division is that both the A period and the B 5
period must be of sufficient length that all signals in the
FPGA 10 may propagate through the CLBs 14 and
settle so that signals are set up at the inputs of latches
and registers long enough for successful storage.

FIG. 7 aids in explaining the third mode of operation
of the CLB 14. The third mode of operation utilizes the
ability of the present invention to increase the number
of logic functions performed by the FPGA 10. In the
third mode, the configuration of the CLB 14 and the
configuration of the configurable routing matrix 18
during the A period is different than the configuration
during the B period. The third mode is referred to
herein as the pipeline mode.

At the beginning of a user’s clock cycle, Ty, the A/B
signal also begins a cycle. In the A period, the A/B
signal is high, so that the CLBs 14 and the routing ma-
trices 18 are configured with the first set of configura-
tion data. During the A period, the first data latch 42a
passes data, and the data latch 42b latches data.

On the transition of the A/B signal at T, the A/B 25
signal now selects the second set of configuration data
from memory 16 and thus reconfigures the CLBs 14 and
the configurable routing matrices 18. The first data
latch 42a latches the data at its input, and the second
data latch 425 passes the data at its input.

At the beginning of the next cycle of the user’s clock,
T3, the A/B signal again transitions. Once again, the
CLBs 14 and configurable routing matrices 18 are re-
configured according to the first set of configuration
data. The first data latch 42¢ passes data, and the second
data latch 42b latches data. On the rising edge of the
user’s clock and the A/B signal, the first and second
registers 364, 36b clock in data. The register 36a clocks
in the latched data from data latch 424, and the register
365 clocks in the pass data from data latch 42b. Thus,
the first register 36a stores the output of the function
generator 34 when it was configured during the earlier
portion of the user’s clock, according to the first set of
configuration data. The second register 365 stores the
output of the function generator 34 when it was config-
ured during the later portion of the user’s clock, accord-
ing to the second set of configuration data.

On each transition of the A/B signal, the first and
second output switches 39a, 395 are re-configured. In
many applications, output switches 39z and 394 are not
reconfigured during the user clock cycle. However, in
the embodiment of FIG. 64, the structure allows for
reconfiguration of the output switches, and in some
applications it may be desirable. For example, switch
392 may pass data from function generator 34 during
the A period and from register 36a during the B period.
Meanwhile, switch 395 may pass data from latch 425
during both periods.

The routing matrices 18 are also re-configured on
each transition of the A/B signal. Just as with the CLBs
14, during the A period the inputs to the CLB 14: may
come from different sources than during the B period.
On each transition of the A/B signal, the routing matri-
ces are re-configured to present the correct inputs to
each CLB 14 and to route correctly the outputs of the
CLB 14.

Not all tiles 12 of the FPGA 10 of the present inven-
tion need be configured in the same mode. Some tiles 12
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may be configured in the high speed asynchronous
mode, others in the high speed registered mode, and yet
others in the pipeline mode. Thus, the CLB 14 is capa-
ble of greatly increasing the number of logic functions
implemented in the FPGA 10 over the number of logic
functions implemented in the prior art FPGA 10. The
present invention achieves this increase without a siz-
able increase in the silicon area of the FPGA 10 over
the prior art.

FIG. 7 showed a complete cycle of the A/B signal
taking place within one cycle of the user’s clock. The
A/B signal however, may have a period longer than
one cycle of the user’s clock. Referring now to FIG. 8,
a timing diagram shows four cycles of the user’s clock
compared to a first alternative A/B signal A/B-1 and its
inverse A/B-1; and to a second alternative A/B signal
A/B-2 and its inverse A/B-2. In FIG. 8, the first portion
of the A/B-1 signal is two cycles of the user’s clock.
Similarly, the second portion of the A/B-1 signal is two
cycles of the user’s clock. The first portion of the A/B-2
signal is one cycle of the user’s clock. The second por-
tion of the A/B-2 signal is also one cycle of the user’s
clock. As described in connection with FIG. 7, the first
portion of an A/B signal need not be equal in length to
the second portion of the A/B signal. FIG. 8 illustrates
that, in general, the A/B signal may be of any length,
whether greater than, equal to, or less than the period of
the user’s clock.

EXAMPLE

Referring now to FIG. 9, a block diagram of a 3-bit
counter that may be implemented in an FPGA 10 is
shown. The counter has three outputs A, B, and C and
a clock input. The 3-bit counter comprises a first two-
input AND gate 50, a second two-input AND gate 52,
a three-input AND gate 54, a three-input OR gate 56, a
two-input XOR gate 58, a first register 60, a second
register 62, and a third register 64, all connected as
shown. :

For FIGS. 9, 10, and 11, the example shows Q as an
output of the CLB. This is done for the purposes of
more clearly illustrating the advantages of reconfigur-
ing the routing matrix. For FPGAs, since Q can drive a
programable look-up table where it can be inverted to
Q, only one output is needed. Therefore, FIGS. 4 and 5
did not show Q as an output of the CLB.

Referring now to FIG. 10, a block diagram of an
implementation of the 3-bit counter using a prior art
FPGA is shown. The implementation comprises prior
art tiles 11-1, 11-2, 11-3, and 11-4. The configurable
routing matrices 70-1, 70-2, 70-3, and 70-4 interconnect
these tiles. The connections of the outputs of the tiles
11-1, 11-2, 11-3, and 114 are made through the configu-
rable routing matrix 70 of each tile 11. Each dot repre-
sents a portion of the routing matrices 70 that has been
connected by storing data in their associated configura-
tion memory. For clarity, the output switches, configu-
ration memories, control lines, and clock lines are not
shown.

The first prior art CLB 13-1 is configured so that the
function generator 34-1 implements a two-input XOR
function, and the output switch 38-1 (not shown) passes
the output of register 36-1. The second prior art CLB
13-2 is configured so that the function generator 34-2
implements the three input, two level digital function of
the equation D=AB+AC+ABC, where ABC is the
output of function generator 344 and D is the output of
function generator 34-2. The output switch (see output
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switch 38 of FIG. 5) of the second prior art CLB 13-2is
configured to pass the output of register 36-2. The third
prior art CLB 13-3 is configured so that the function
generator 34-3 inverts the signal to output C, and the
output switch 38-3 (not shown) passes the output of 5
register 36-3. Prior art CLB 13-4 is configured to imple-
ment a three-input AND function ABC. The output
switch of prior art CLB 13-4 is configured to pass the
output of the function generator 34-4. The configurable
routing matrices 70-1, 70-2, 70-3, and 70-4 are con-
nected as indicated by the black dots to form the
counter of FIG. 9.

Referring now to FIG. 11, a block diagram of an
implementation of the 3-bit counter using the FPGA 10
of the present invention is shown. The configurable
routing matrices 18 are shown as dashed tines around
the connections made by the configurable routing ma-
trices 18. The connections are shown with either a solid
connector or a hollow connector. The routing matrices
18 are configured in the A period to implement the
connections indicated by the solid connectors. In the B
period, the configurable routing matrices 18 are config-
ured to make the connections indicated by the hollow
connectors. The routing matrices 18 are configured to
implement the connections indicated by a hollow con-
nector surrounding a solid connector in both the A
period and in the B period. This corresponds to the case
where the data stored in memory cell 21-x is identical to
the data stored in memory cell 23-x, where x is between
1and n of FIG. 3. The configurable routing matrix 18 is
larger than the prior art configurable routing matrix but
is not necessarily twice the size of the prior art configu-
rable routing matrix. For clarity, the output switches
39a-1, 39b-1, 39a-2, and 39b-2, configuration memories,
control lines, and clock lines corresponding to those of
FIG. 6A are not shown.

In FIG. 11, the 3-bit counter utilizes two tiles 12-1
and 12-2 of the FPGA 10. Each tile performs two logic
functions, one during the A period and another during
the B period. In FIG. 11, numerals 34-1-a and 34-1-b
represent the same physical device which implements
different function generator logic in the two periods.
During the A period, the first CLB 14-1-a of tile 12-1 is
configured so that the function generator logic 34-1-a is
a three-input AND gate and the output switch 39-1 (not
shown) passes data from the first data latch 42-1-a.
When tile 12-1 is reconfigured in the B period, the func-
tion generator logic 34-1-b is the three input logic func-
tion having the equation D=AB+AC+ABC, where D
is the output of the function generator logic 34-1-b.
Note that the output of function generator logic 34-1-a
is latched into data latch 42-1-a at the end of the A
period. The output of the data latch configuration 42-1-
a is available to, and used by, function generator logic
34-1-b in the following B period. The output switch of
CLB 14-1, equivalent to switch 395 of FIG. 6A, is con-
figured to pass data from the register 36-1-b and is not
shown.

The tile 12-2 is configured in the A period so that the
function generator logic 34-2-a simply passes the input
C. The output switch is configured to pass data from the
register 36-2-a. In the B period, the function generator
logic 34-2-b implements a two-input XOR function, and
the output switch (equivalent to 396 of FIG. 6A) is
configured to output data from the register configura-
tion 36-2-b.

A comparison of FIG. 10 with FIG. 11 shows that
the two-configuration embodiment of the present inven-
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tion effectively doubles the number of logic functions
the FPGA 10 can implement over the prior art FPGA.
Where four prior art tiles were required to implement
the 3-bit counter, only two tiles 12 of the present inven-
tion are required. This embodiment of the present in-
vention requires a slight increase in the silicon area
because of the additional memory for storing configura-
tion data and the increase in size of the configurable
routing matrices 18 and the CLBs 14, but a tile which
offers two configurations requires much less than twice
the area of a one-configuration tile.

The re-configuration may take place within a cycle of
the user’s clock. Since most users require a clock cycle
greater than the delay of two tiles, if the user partitions
the logic carefully between those that run on A and
those that run on B, the only speed penalty will be that
time which it takes for elements in the data path to
switch configuration. The elements include pass gates in
the routing matrix 18, pass gates or other devices in
function generators 34, and output switches 39, each
path element being controlled by a multiplexer 28-x,
where x is between 1 and n of FIG. 3. This multiplexer
is 2 high speed element, the elements in the data path are
high speed, and the elements switch in parallel, there-
fore the penalty is small. There can be minimal loss of
speed apparent to the user. In order to further minimize
the speed penalty apparent to the user, some of switches
28-1 to 28-n are more critical than others. In the em-
bodiment of FIG. 6A, since signals stored in the latches
and registers reach switches 39z and 395 and then pass
gates in routing matrix 18 before they reach function
generators 34 of the next CLB downstream in the path,
during reconfiguration it is more critical that switches
392 and 3956 and the pass transistors in routing matrix 18
switch fast (before arrival of the data signal) than it is
that function generators 34 switch fast. Thus speed of
output signals from those of switches 28-1 through 28-n
which control output switches 394, 395, and routing
matrix 18 pass transistors should be maximized. To this
end, the most critical output signals from switches 28-1
through 28-n should be placed on metal lines. Addi-
tional measures such as controlling the sizes of switches
28-1 through 28-n may be taken to maximize the most
critical speeds while minimizing area when speed is
somewhat less critical. Of course in other embodiments,
for example FIG. 6B, the speed criticality is different.

SUMMARY

Thus, the present invention significantly increases the
number of logic functions that may be implemented per
area over the prior art tile of the same process technol-
ogy without necessarily impacting performance.

While the present invention has been described with
reference to certain preferred embodiments, those
skilled in the art will recognize that various modifica-
tions may be provided. For example, the CLBs 14 of the
present invention may be used on an FPGA along with
prior art CLBs in a variety of configurations. Thus,
such an FPGA would have some tiles that can operate
in registered and asynchronous modes (prior art) along
with others that can operate in 2 pipeline mode. For
another example, the programmable logic array of the
present invention need not be limited to a single silicon
chip but may be implemented in multiple chips. For yet
another example, although the invention has been de-
scribed in connection with FPGA architectures, it may
Jjust as well be used with other architectures which are
field programmable and reconfigurable. The invention
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may be used in a device which does not include logic
blocks but simply includes switching and routing matri-
ces. Further, the invention may be used in a device such
as a PLA which includes only a single programmable
logic device. 5

The detailed description above focused on embodi-
ments which were configured using SRAM configura-
tion memory cells. Since a change of configuration can
be achieved in the present invention without changing
the configuration memory, it is feasible to form the 10
configuration memory from such one-time-programma-
ble technologies as fuses or antifuses, or from technolo-
gies which are more difficult to reprogram such as
EPROMs or EEPROMs. These and other variations
upon and modifications to the preferred embodiments 15
are provided for by the present invention, which is
limited only by the following claims.

What is claimed is:

1. A programable array comprising:

a configuration memory having a first storage means 20
for storing a first set of configuration data, a second
storage means for storing a second set of configura-
tion data and a switching means coupled for out-
putting one of the first set and second set of config-
uration data; and 25

a configurable routing matrix for selectively coupling
conductive lines in response to configuration data,
the configurable routing matrix having configura-
tion inputs coupled to the switching means.

2. The programable array of claim 1 further compris- 30
ing a configurable logic block having at least one con-
figuration input at least one data input and at least one
data output for implementing logic functions on input
data in response to the first set and second set of config-
uration data, the configuration input of the configurable 35
logic block coupled to an output of the switching
means.

3. The programable array of claim 2, wherein the
configuration memory further comprises a third storage
means for storing a third set of configuration data. 40

4. The programable array of claim 2, wherein the
switching means couples the first storage means to the
configurable logic block and the configurable routing
matrix during a first portion of a user clock cycle and
the switching means couples the second storage means 45
to the configurable logic block and the configurable
routing matrix during a second portion of the user clock
cycle.

5. The programable array of claim 2, wherein the
configuration memory comprises more than two stor- 50
age means and the switching means selectively couples
each storage means to the configurable logic block and
the configurable routing matrix during a respective
portion of a user clock cycle.

6. The programmable array of claim 2, wherein the 55
switching means selectively couples the first storage
means to the configurable logic block and the configu-
rable routing matrix during a first time period and cou-
ples the second storage means to the configurable logic
block and the configurable routing matrix during a 60
second time period, the first and second time periods
being successive.

7. The programmable array of claim 6 in which each
of the successive time periods is at least as long as a user
clock cycle. 65

8. The programmable array of claim 1, wherein:

the first storage means comprises a plurality of mem-
ory cells, each having an input and an output, each
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memory cell storing a bit of the first set of configu-
ration data; and

the second storage means comprises a plurality of
memory cells, each having an input and an output,
each memory cell storing a bit of the second set of
configuration data.

9. The programmable array of claim 8, wherein the

memory cells are static random access memory cells.

10. The programmable array of claim 8 wherein the
memory cells are fuses.

11. The programmable array of claim 8 wherein the
memory cells are antifuses.

12. The programmable array of claim 8 wherein the
memory cells are EPROM cells.

13. The programmable array of claim 8 wherein the
memory cells are EEPROM cells.

14. The programmable array of claim 8, wherein each
memory cell in the first storage means has a correspond-
ing memory cell in the second storage means.

15. The programmable array of claim 8, wherein the
configuration memory further comprises a plurality of
memory cells in addition to the first storage means and
the second storage means, the plurality of memory cells
further configuring the routing matrix.

16. The programmable array of claim 1, wherein the
switching means is a multiplexer.

17. The programmable array of claim 1 wherein the
switching means comprises a sense amplifier and a plu-
rality of address lines.

18. The programmable array of claim 1, wherein the
switching means comprises a plurality of switches, each
switch having a first data input coupled to a configura-
tion memory cell in the first storage means, a second
data input coupled to the corresponding configuration
memory cell in the second storage means, and an output
forming an output of the configuration memory.

19. The programmable array of claim 18 wherein the
plurality of switches are a plurality of two-to-one multi-
plexers.

20. The programmable array of claim 2, wherein the
configurable logic block comprises:

a function generator for implementing a logic func-
tion specified by configuration data, the function
generator having at least one configuration input,
at least one data input, at least one data output, the
at least one configuration input coupled to the
switching means, the at least one data input cou-
pled to the configurable routing matrix;

a first output device for storing the output of the
function generator from a first period, the first
output device having a data input coupled to the
output of the function generator and a data output;
and

a second output device for storing the output of the
function generator from a second period, the sec-
ond output device having a data input coupled to
the output of the function generator and a data
output.

21. The programmable array of claim 20 in which the
first output device further includes a configuration
input coupled to the configuration memory, and the
second output device further includes a configuration
input coupled to the configuration memory.

22. The programmable array of claim 20 in which the
data outputs of the first and second output devices are
coupled to the configurable routing matrix.

23. The programmable array of claim 20, wherein the
first output device selectively stores and outputs the
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output of the function generator configured with the
first set of data stored in the first storage means of the
configuration memory and the second output device
selectively stores and outputs the output of the function
generator configured with the second set of data stored
in the second storage means of the configuration mem-
ory.

24. The programmable array of claim 20, wherein the
first output device comprises:

a latch for storing and passing data in response to a
signal at a latch enable input, the latch having a
data input, a latch enable input, and a data output,
the data input of the latch coupled to the output of
the function generator;

a register having a data input, a clock input and a data
output for storing data in response to a clock signal
at the clock input, the data input of the register
coupled to the data output of the laich, and the
clock input of the register coupled to receive a
clock signal; and

an output switch having a plurality of data inputs, a
configuration input, and a data output, for output-
ting one of a plurality of signals.

25. The programmable array of claim 24 in which a
first data input of the output switch is coupled to the
output of the latch, and a second data input of the out-
put switch is coupled to the output of the register, the
configuration input of the output switch is coupled to
the configuration memory, and the output of the output
switch is coupled to the configurable routing matrix.

26. The programmable array of claim 25 in which a
third data input of the output switch is coupled to the
output of the function generator.

27. The programmable array of claim 24, wherein the
second output device comprises:

a latch for storing and passing data in response to a
signal at a latch enable input, the latch having a
data input, a latch enable input, and a data output,
the data input of the latch coupled to the output of
the function generator;

aregister having a data input, a clock input and a data
output for storing data in response to a clock signal
at the clock input, the data input of the register
coupled to the data output of the latch, and the
clock input of the register coupled to receive a
clock signal; and

an output switch having a plurality of data inputs, a
configuration input and a data output, for output-
ting one of a plurality of signals, a first data input of
the output switch coupled to the output of the
function generator, a second data input of the out-
put switch coupled to the output of the latch, and
a third input of the output switch coupled to the
output of the register, the configuration input of
the output switch coupled to the configuration
memory and the output of the output switch cou-
pled to the configurable routing matrix.
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28. The programmable array of claim 24, wherein the
output switch is a multiplexer.

29. A programmable array comprising:

a configuration memory having a first storage means
for storing a first set of configuration data, a second
storage means for storing a second set of configura-
tion data and a switching means coupled for out-
putting one of the first set and second set of config-
uration data; and

a configurable logic block having configuration in-
puts, data inputs and data outputs for implementing
logic functions on input data in response to the first
set and second set of configuration data, the config-
uration inputs of the configurable logic block cou-
pled to outputs of the switching means.

30. A programmable array comprising:

means for providing a logic signal;

a first storage means which receives the logic signal;

a second storage means which receives the logic
signal;

means for passing the logic signal through the first
storage means during a first time period and pass-
ing the logic signal through the second storage
means during a second time period;

means for coupling outputs of the first and second
storage means to different lines during a first time
period and a second time period.

31. The programmable array of claim 30, wherein the
different lines comprise a first line, 2 second line, a third
line and a fourth line, wherein the means for coupling
couples the output of the first storage means to the first
line during the first time period and to the third line
during the second time period, and wherein the means
for coupling couples the output of the second storage
means to the second line during the first time period and
to the fourth line during the second time period,

32. The programmable array of claim 30 wherein the
first storage means is a first latch and the second storage
means is a second latch.

33. The programmable array of claim 32 wherein the
first latch is connected to a line in a routing matrix
during a first period and the second latch is connected
to the line in the routing matrix during a second period.

34. A programmable array comprising:

means for providing a logic signal;

a first storage means which receives the logic signal;

a second storage means which receives the logic
signal;

means for passing the logic signal through the first
storage means during a first time period and pass-
ing the logic signal through the second storage
means during a second time period;

means for coupling outputs of the first storage means
to at least one routing line during a first time period
and the second storage means to the same at least
one routing line during a second time period.

35. The programmable array of claim 34 wherein the

first storage means is a first latch and the second storage

means is a second latch.
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