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1. CROSS-REFEREN 0 D A o)

Thg present application is related to U.S. Patent
Application Serial No. 752/282, filed August 29, 1991
by ihvéntors GEtveriék, Sutherland, Popli, Alturi,
Smith, Pickett, Hawley,_Chen,'Moni, Ting, Camarota and
Furtek for CONFIGURABLE LOGIC ARRAY, incorporated

herein by reference.

2.1. EIELD OF THE INVENTION
The present invention relates generaily to

programmable and reconfigurable logic devices and

- particularly to memory Systéms for configuring and

20

25

programming the same.

2.2. BACKGROUND OF THE INVENTION
~ Fig. 1 is é drawing of a typical configurable
logic array. The configurable logic array includes a
regular array 10 of identidai,ceils 11, an I/0 means
20 which_couples external I/0 signals 40 to and from

the array 10 and programming means 30 which couples

external configuration signalslso to and from the

array 10 so as to reconfigure'the array and/or

ascertain'its present configuration.
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Fig. 2 shows a typical cell in a configurable
logic array. Each cell 11 includes a confignrablé
logic element ("CLE") 15 having, at 2 minimum, a
simplé logic gate, such as a 2-input NAND gﬁte and

means for controlling inter-cell connections 12 to the

CLEs 6f other cells in response to configuration

signals 50 from programming means 30. Such
configurable logic array devices are described, for
example, in U.S. Patents 3,473,160 for "Electronically
C;ntrolled Microelectronic Cellular Logic Atray" and
3,531,662 for "Batcthabrication Arrangement for
Integrated Circuits", both of thch are incorporated
herein by reference.
The article "“A Survey of Microcellular

Research" by Robert C. Minnick, Journal of the _
Association for Computing Machinery, Vol. 14, No. 2,
April 1967, pp. 203-241, provides a comprehensive
survey of pre-1967 donfigurable logic array devices,
and is also incorporated herein by reference. More
recent examples of configurable logic arrays can be
found in U.S. Paténts 4,020,469 for "Programmable
Arrays"; 4,642,487 for nSpecial Interconnect for
COnfighrabie Logic Array"; and 4;918;440 for
"Programmable Logic Cell and Array", all-of which are
incorporated herein by referénce.

As shown in Fig. 2, each cell 11 in a

configurable logic array typically comprises a
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configurable logic element 15 and a control store 16.
Control store 16 comprises a plurality of control
store elements (each storing one bit) and provides a
plurality.of_configuration control signals 17 to CLE
15 which control the logical configuration of CLE 15.
The configuration control signals 17 may determine,
for instance,-ﬁhe connections between various logic
gates in CLE 15, the inputs to various logic gates in
CLE 15, and the connections between logic gates in

CLE 15 and the intercell connection terminals 12. The

collective configurations of the various control

'stores 16 in the array 10 determines the overall

behavior of array 10 with respect to I/0 signals 40
coupled to and from I/0 means 20.

The sﬁate of the control store elements in.
control store_lé is determined by configuration
signals sp coupled from programminq means 30.
Integrated circuit realizations Af configurable logic
ar:éyé inevitably face the problem of limited pin
count. Since it is important to apportioﬁ the ma#imum
number of pins to the I/O means 20, ihtegrated circuit
configurable logic arrays typically assign as few pins
as possible to the programming means 30. A widely
used method for disﬁributing configﬁration signals 50
throughoﬁt a configurable logic array 10 without
reéuiring a large number of pins to implement

programming means'Solinvolves connecting the various

This Sheet Has Been Rep laced
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control stores 16 in;o one long shift register, as
depicted in Fig. 3.

The method depicted in Fig. 3 is similar fo that
presented in U.S. Patent 3,531,662, previously

incorporated. 1In Fig. 3, each control store 16 forms

one stage of a shift register. The shift register

stages (control stores 16) are serially connected via'
programming connections 50 to form one long shift
register connecting all control stores 16 in the
array. Thus, programming means 30 can access and
program the entire array using as little as a single
pin and, of course, some Qlobal system clock. The
primary attraction of this arrangement is that the pin
count required to implement programming means 30 is
very small and, perhaps mofe importantly, does not
inc:ease'with the size of the array. A disadvantage,
however, is that distrihuting contiguration signals

via a long shift register can take a substantial

amount of time, during which'the'array is generally

not operable. Moreover, the time required to
configuré an array using the method of Fig. 3
increases linearly with the number of cells 11 in the
array. U.S. Patent 4,020,469, previously
incorporated, provides a variation on the programming
method of Fig. 3 in which the control store 16 of each
cell 11 can be serially connected in a shift register

manner to the control stores of any of four

SUBSTITUTE SHEET

This Sheet Has Been Replaced :

|



WO 94/01867 PCT/US93/06285

= 5 =| THIS SHEET HAS BEEN
: REPLACED

nearest-neighbor cells. This allows the shift
register to "route around" defective cells in the
array.

One increasingly important capability of
configurable logic arrays involves dynamic
reprogrammability. This'allbws programming means 30
to reprogram a subset of the cells 11 without
disrupting the operation of other cells 11 which can
éontinue operating, processing I/0 signals 40 ﬁrovided
by I/0 means 20. Practical applications employing
dynamic reprogrammability include, fcrlexample,
_autonomous self-testing and adaptive filtering. 1In a
self-testing application, a portion of the cells in an
array can be configured as a state maéhine programmed
to test for_defects in other cells. 1In adaptive
filtering applications, it frequently proves necessary
to dynémically alter the'length of a delay path and/or
the value of a coefficient with minimal disrupfion in
'the overall operation of the filter's data path. |

Fng 4 depicts one method for providing dynamic
reprogrammability through the use of "shadow
registers." In Fig. 4, each control store 16
comprises a.shift register cell 21 and a shadow
fegister cell 22. The various shift register cells
21 are seriaily conneéted via programming connections
50 to form a single long shift register, as in Fig. 3.

In contrast, however, the shift register cells 21 do

This Sheet Has-Been Replaced
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not directly provide configuration control signals 17
to the CLEs 15. Instead, the shadow register cells 22
latch configﬁratioh control information from the shift
registér cells 21 and provide configuration control
signals 17 to the CLEs 15. Shadow register cells 22
latch their new states simultaneousiy in response to a
global system clock. Thus, shadow regisfer cells 22
prevent disruption of configuration control signals 17
while configuration signals are being serially fed
into the shift register cells 21 and distributed

. throughout the array. Once the proqrammiﬁg process is
complete, a global system clock signals all shadow
register cells to simultaneously latch in the new
cpnfiguration state of the array, after which the
modified configuration of the array 10 is reflected in
the processing of I/O signals 40 proyided by I/0O means
20. |

While this shadow registér method allows the

_ arfay 10 to continue operating and processing signals
40 from I/O means 20 while simultaneously loa&ing in a
new configuration frbm programming means 30, it still
requires a significant amoqnt of time to distribute
the programming information throughout the array.

This is a majbr disadvantage in, for example,'adaptive
'systems where small changes in delay'paths and/or
coefficients must be made quickly in respoﬁse to

changing conditions. 1In addition, use of the shadow

5 This Sheet Has Been Rep. laced.
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register method requires a backup store to retain the
configurations'bf all the cells, even those cells
which are not being_reprgqrammed.

‘Thus, there exists a present need for a control
store apparatus and a method for programming such
apparatus so as to a;low rapid reprogramming of a
subset of the control store elements without
substantially disrupting the configquration control

signals provided by other control store elements.

There also exists a need for an apparatus and a method

for reprogramming a subset of the control store
elements without requiring knowledge (e.g,, a backup

store) of the state of other_control store elements.

I. SUMMARY OF THE INVENTION

The present invenﬁion relates to dynamically
reprograﬂmable configurable logic arrays and methods
for programming the same. The invention conprises an
improved control store including a plu;ality.of
control store elements wherein a subset of the control
store elements can be dynamically reprogrammed without
substantially disrupting the'cdnfiguration control
signals provided by other control store elements. In
addition, this éubset of control store elements being
feﬁrojrammed is directly addressed receiving its

configuration via a direct connection to a programming
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means, rather than by indirect serial propagation
through other control store elements.

The method of reprogramming via direct addressing
substantially reduces the reprogramming latency time.
That is, referring to Fig. 1, the latency between the

time at which programming means 30 initiates a

' sequence of configuration signals via external

programming connections 50 to reconfigure a subset of
the cells 11 in array 10 and the time at which the new
configuratien of cells 11 is reflected in the
operation of the array through external I/o'
connections 40 to and from I/O means 20. Prior art
methods for reprogramming configurable logic arrays
typically exhibit reprogramming latency times which
increase linearly with the number of cells in the
array. In the present inrention, the latency
associated with a reprogramming ef a small subset of
the cells in an array remains laréely independent of
the total number of cells in the array. Thus, ﬁhe
present invention provides a significant advantage for
VLSI arrays compriSihg large numbers of cells.

Another advantage of the present invention is
that a subset of the cells in a configurable logic
array may be dynamlcally reprogrammed without any
knowledge of the configurations of other cells. Prior
art methods, such as the previously described shadow

register method, typically reéuire that the complete'

This She°t Has Been Replaced




10

15

20

25

WO 94/01867

PCT/US93/06285

configuration of all control store elements be ioaded
onto the shift register even if only a small subset of
the elements are changing their configurations. This,
in turn, requires a backup store to maintain the
configuration of all cells in the array. The size of
this backup store, like the reprogramming latency,
grows linearly with the number of cells in an afray.
Thus, the present invention may be employed to achieve
a substantial hardware savings in VLSI systems
providing dynamic reprogrammability.

still another advantage of the present invention
is that it provides the ability to\asceitain the
configuration of any rahdonly selected cell without
disrupting the configuration control signals provided
by any of the cells.. Since such configuration
information is obtained via direct addressing, the
associated time 1atency.is small and largely

independent of the total number of cells in the array.

II. BRIEF DESCRIPTION OF THE FIGURES
These and other features and advantages of the
present invention can be better appreci#tgd with
reference to the following figures, in which:
Fig. 1 depicts a typical prior art

configurable logic array;

SUBSTITUTE SHEET o * This Sheet Has Been Replaced,
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Fig. 2 depicts an exemplary embodiment of a
typical cell in a prior art.configurable logic
array such as that shown in Fig. 1;

Fig. 3 depicts anlexemplary prior art
method, the shift register method, for

distributing configuration signals to the cells

" in a configurable logic array, such as that shown

in Fig. 1;

Fig. 4 depicts a prior art method for
providing dynamic reprogrammability by the use of
shadow registers;

" Fig. 5 is a diagram of the control store
section of a configurable logic array cqmprising_
a plurality of control store elements and means
for dynamicaily programming and reprogramming the
same;

Fig. 6 depicts a first embodiment of a
control store element in accordance with tﬁe
present invention adapted for use in a control
store section df a configurable logic array as
depicted in Fig; 5; .

| .Fig. 7 depicts a second embodiment of a
control store element in accordanée with the
present ihvention adapted for use in a control
store séction of a configurable logic array as

depicted in Fig. 9a;

This Sheet Has Been Replaced
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Fig. 8 depicts a column decode circuit for
use in combination with an array of control store
elements of the type shown in Fig. 7;

| Fig. 9 is a modification of the control
store section of a configurable logic array as
depicted in Fig. S5 but inéluding column decodé
word lines and separate read and write word
lines;

Fig. 9a is a modification of the control
store section of a cohfigurable logic array as
depicted in Fig. 5 but including separate read
and write word lines;

Fig. 10 depicts a third embodiment of a
control store element in accordance with the

present invention adapted for use in a control

-gstore section of a configurable logic array as

depictéd in Fig. 9; and,

Fig. 11 is a modification of the control
store section bf'a configurable logic array as
depicted in Fig. 5 but including column decode
word lines; Snd _ _

Fig. 12 depicts a fourth embodiment of a
cohtrol store element empléying unique decoding
in accordance with the present invention and
adopted for use in a control store section of a

configurable logic array as depicted in Fig. 11.

- - This Sheet Has Been Replac
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Figs. 5, 9a and 11 depict the overall organization
of the control store sections of'configurablé logic
arrays and means for ptogramming the same in accordance
with the invention. In Figs. 5, 9, 9a and 11, the
control store section of array 10 comprises a Plurality
of control store elements 16 arranged in a regular two-
dimensional array. Each control store element is
assumed to be associated with a particular cell 11'(as'
10 -previously shown in Fig. 2) wherein the control'stqre |

element 16 provides configuration control signals 17
fo the cell's configurable logic element 15 (CLE) which
controls, for example, the logic function of CLE 15
andfor its connections 12 to other cells 11. For
15 clarity of illustration, the control store elements 16
depicted in Figs. 5, 9, 9a and 11 each comprise a
single bit and provide two configuration control
signals, a non-inverted configuration control signal
17a reflecting the state of control storé element 16
20 and an inverted configuration control signal 17b
reflecting the logical inverse of the state of control
store eiennnt 16; It is understood that the single bit
control store elements depicted in Figs. S through 12
' can easily be extended to create multiple bit control
store elements by one of ordinary skill in the .art.

Moreover, the depiction of control store 16 in Fig. 2

as lying within the boundaries of

- SUBSTITUTE SHEET | _ " ‘This Sheet Has Been Replaced
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.cell 11 is mereiy illustrative and not meant to be

limiting in any way. In general, control store 16
neéd only be operatively associated with a particular
ceil 11 so as to provide éonfiguration control signals
17 which control the function of a configurable logic
element 15 or other element not depicted such as a bus
interconnection element, clock control element, reset
control element or I/O'element.

Fig. 5 depicts the overall arrangement of a
control stére section of anlarray 10 in accordance
with the invention and a programming means 30 for
communicating configuration signals to and from array
10 in accordance with the invention. Array 10
comprises a plurality of single bit control store
elements 16 arranged in a regular'two-dimensional'
array. Each control store element 16 provides a
non—lnverted configuration control signal 17a and an
inverted configuration control s;gnal 17b. For each
éoptrol store element 16, signals received and/or
provided at a bit line terminal 18 and a word line
terminal 19 are ﬁsed to communicate with programming
means 30. Programming meéns 36 comprises a row decode
means 60, a column decode means 70 and a data line 76.
Programming means 30 is used to establish directly
addressed connection between data line 76 and one of
the control store elements 16 so as to configure the

control store element 16 in accordance with a signal

This Sheet Has Been Replaced
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provided through data line 76 or to download the

present configuration of the control store element 16

.to data line 76. Row decode means 60 comprises a

plurality of word lines 65. Each word line 65
connects the word line terminals 1§ of all control
store elements 16 in a particular row with row decode
means 60. Row decode means 60 typically asserts a
signal on only one of the word lines 65 at any giﬁen
time.

Column decode means 70 similarly comprises a
plurality of bit lines 75. Each bit line 75 connects
the bit line terminals 18 of each control store
element 16 in a given column with column decode means

70. Column decode means 70 is used to, amohg other

'things, establish an electrical connection between one

of the bit lines 75 and the data line 76.

Figs. 6, 7, 10 and 12 each show different

‘embodiments of a control store element wherein the.'

state of the control store element can be reprogrammed

("written") without disrupting the configuration

.control signals provided by other control store

elements to the.reconfigurable logic, and can be

gueried to ascertain its configuration ("read")

" without disrupting the configuration control signals

provided by any cell, including that cell being read.
Conventionally, the control store elements 16 in

Fig. 5 might consist of, for example, a bistable latch

WO 94/01867 PCT/US93/06285
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and a switch. A signal asserted by row decode means
60 on one of the word lines 65 would activate switches

thereby connecting all bistable latches in a

particular row to their reépective bit lines 75

through the bit line terminals 18. Column decode means
70 would be used to connect one of the bit lines 75 to
the data line 76 so as to allow a read or write
operation through data line 76 at the pafticular cell
identified by the intersection of'thé active word line
65 and bit line 75.

Column decode means 70 might also be required to

precharge the various bit lines 75. Precharging is

used to establish a particular voltage on each of the

various bit lines 75 prior to the time at which row
decode means 60 asserts a signal on one of the word
lines 65 which causes the control store elements 16
associated with the particular word line 65 to connect
to'their respective bit lines 75. _Precharqiné
prevents the charge associated with the capacitance 6f
the unselected bit lines (i.e., those in columns not
being read of written via column decode means 70) from
undesirably changing the state of various unselected
control store elements.

Although the conventional precharging technique
is sufficient to ensure that the state of a bistable
latch will not be inadvertently altered, it is not

sufficient to prevent disruption of the configuration

* This Sheet Has Been Replaced
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control signals (e.g., 17a and 17b) provided at the
latch outputs. Since these configuration control
signals are frequently used to drive the gates of pass
transistor switches and such switches may be serially

cascaded, in which case, the maintenance of stable

"logic levels at the gates of the switches is

particularly critical, the tolerances on the
configuration control signals necessary in order to
avoid disruption of the operation of various
configurable logic elements involve subs?antially more
constraints than ﬁerely maintaining disce&nable logic
levels. COnfiguration control signals may also be

used to drive input terminals of logic gates, in which
case substantial disruptions in the coﬁfiéuration
control signals can undesirable decrease the
performance of the logic gates. lAc@ordingly, the

notion of a substantial disruption in a configuration

~control signal shall refer to a disrﬁption-of a

magnitude such that the disruption is capable of
causing a deleterious functional or timiﬂg-related
side effect in the performance of any configufable
logic element controlled by the configuration control
signal.

The control store element embodiments depicted in
Figs. 6, 7, 10 and 12 each employ a different
structure -to realize the goal of providing

non-disrupted configuration control signals. Each has

Th1s Sheet Has Been Replaced
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particular advantages in terms of size, speed,

compatibility with particular fabrication technology
and design tolerances. The embodiments are discussed
in the order of decreasing transistor count necessary
for a CMOS implementation, in which: control store
elemént 80 of Fig. 6 requires nine transistors;
control store element 90 of Fig. 7 requires eight
transistors; control store element 110 of Fig. 10
requires seven transistors; and control store_.
element 120 of Fig. 12 requires six transistors.

Fig. 6 depicts a control store element 80 for use

in a control store 10 of the type depicted in Fig. 5.

Control store element 80 avoids disrﬁption of
nonQinverted configuration control signal 17a and
inverted configuration control signal 17b through the
use of a control signal buffer 82. Control store
element 80'compri$es a bistable latch 81 for
maintaining at a storage node 88 the state of the

cell, a switch 83 for connecting the storage node to a

. bit line 75 and the control signal buffer 82 for

buffering the configﬁration control signals. Bistable
latch 81 comprises a first inverter 84 and a second
inverter 85 connected in a back-to-back feedback
configuration so as to pro#ide two stable logical
states, the high voltagé state at storage node 88

corresponding to a logical "1" and the low voltage

This Sheet Has Been Replaced
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state at storage node 88 corresponding to a
logical "0."

During a read operation, switch 83 connects
storagé node 88 to the bit line terminal 18 in
response to a signal asserted at the word line

terminal 19. Column decode means 70 then connects the

selected bit line 75 to the data line 76. During a .

write operation, switch 83 is similarly activated in
response to a signal provided at the word line
terminal 19 and connects the bit line terminal 18 to
the étorage'node 88. Column decode means 70 provides
a signal from data line 76 to the selected bit line 75
sufficient té drive the étate of the selected storage
node 88 into the desired state. Proper operation of
control store element 80 will genetally require that
the unselected bit lines 75 be precharged, so that the
other control store elements 16 ig the same row as
that of the selected element do not undergo |
inadvertent ch#nges.in the state of storage node 88.
As.with a conventional static memory cell, the
voltage levels aﬁ the internal nodes 88 and 88a of
bistable la:ch 81 may be substantially disrupted,
despite'the precharging by colﬁmn decode means 70
which merely assures that the logical values of these
ﬁodes do not inadvertently change. To provide the

non-disrupted configurétion control signals 17a and

'17b, control signal buffer 82 is disposed between node

This Sheet Has Been Replaced.
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88a of bistable latch 81 and the control signal output
terminals 17a and 17b. Control signal buffer 82
comprises a first inverting buffer 86 and a second
inverting buffer 87. Buffers 86 and 87, by virtue of
their very high gain, effectively isolate.the
disruptions in the signal at node 88a and provide
stable, non-disrupted configuration control signals
17a and 17b. Where tolerances on the stability of
configuration control signals 17a énd 17b are
particularly critical, hysteresis may be added to the
first inverting buffer, thus further isolating
disruptions at node 88a from the configuration control
signals provided at terminals 17a and 17b.

Fig. 7 shows a second embodiment of a control
store element 90 useful in a control store 10 of the
type depicted in Fig. 9a and capable of providing non-

disruptive read and write operations in accordance

with the invention. Control store element 90

comprises a bistable latch 91, a write switch 92, a
read switch 93 and a read buffer 94. Control store
element 90 providés a non-inverted configuration
control signal at terminal 17a and an inverted
configuration control signal at te:minal 17b and
éommunicates with programming means 30 through a read
wqrd-liné terminal 19a, é ﬁrite word line terminal 19b

and a bit line terminal 18. For each control store

| element 90, a single word line 65a from row decode

PCT/US93/06285
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means 60 connects to each read word line terminal 19a

"and a different word line 65b from row decode means 60

connects to each write word line terminal 19b of the
cells 'in a single row. One bit line 75 from column
decode means 70 connects the bit line terminals 18 for
all control store elements 90 in a single coiunn.

To achieve a non-disruptive write.using control
store element 90, column decode means 70 comprises a
read—modify—w:ite column decoder 100, as shown in Fig.
8. The non-disruptive read operation of control store
element 90 requires no specialized functionality in
column decode means 70. Thus, the description of the

6peration of control store element 950 begins with the

‘read operation.

During a read operation, row decode means éo
asserts a signal on the read word line 65a (Fig. 9%a)
that connects the read word line terminals 19a of the
control store elements 90 in the row containing the
control store.elemenﬁ to be read. All other Qord lines
65a and 65b remain non-asserted. The signal at read
word line 19a causes read switch 93 to become

conducting; The state of control store element 90 is

‘held at storage node 97 (which provides configuration

control signal 17a). This state is provided at bit
line terminal 18 via a signal path beginning with the
second inverter 96 of_bistable laﬁch 91 and continuing

with read buffer 94 followed by read switch 93 and

SUBSTITUTE SHEET
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ending at bit line terminal 18. Because read buffer 94
allows only unidirectional signal flow from bistable
latch 91 to read switch 93 and_because write switch 92

remains in a non-conducting state during the read

| operation, charge associated with the capacitance at

bit line terminal 18 cannot disrupt the configuration
control signals provided at terminals 17a and 17b

during a read operation. Moreover, control store

. element 90 does not require that bit lines 75 be

precharged for the read operation. The value read onto

bit line 75 is buffered by read buffer 105a and

provided to data line 76 by enabling a read switch 106a
in decoder cell 108a (all shown in Fig. 8, desctibed
below).

The nonQdisruptive write of confrol store element
90 is accomplished using the read-modify-write column
decoder 100 shown in Fig. 8 to temporarily maintain the
state of other control store eleneﬂts 90 in the same |
row as that being written. Read-modify-write column
decbder 100 comprises a plurality of decoder cells (two
are shown, 108a and 1085),'one for each:hit'line 75.
During a write operation, the decoder cells perform one
of two possible functions depending on whether the
associated bit line is that of the cell being written
or that of a cell in some other column.

Referring to.Fig. 8, assume that bit line 75a

connects to the column containing the control store

. This Sheet Has Been R laced
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element 90 being_written. Bit line 75b and the bit
lines associated with all remaining decoder cells (not
shown) connect to columns not containing the control
store element 90 being written. The non-disruptive
wriﬁé of a particular control store element 90 entails

a three phase read-modify-write cycle as follows:

1. Read Phase.
Row decode means 60 asserts a signal on the
word line 65a_that-connects with the read
"word line terminals 19a corresponding to the
row of the control store element 90 to be
written. 1In response, all control store
elements in the row provide their present
state at bit line terminals 18, which
connects to bit lines 75a and 75b. Read-
modify-write decoders 108a and 108b latch the
values at bit lines 55a and 75b into

registers 104a and 104D, respeétively.

2. Modify Phase,

' The previously assefted signal at read word
line terminals 19a terminates, thereby
disconnecting'control store elements 90 trog
bit lines 75a and 75b. Read-modify-write
decoder 108a, whiéh corresponds to the column

of the control store element to be

is Sheet Has Been Replaced
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written,-is configured so as to provide data
line 76 at the output of write select MUX
10la. Write switch 103a is set in a
conducting state so as to allow write buffer
102a to drive bit line 75a with the output
from write select MUX 10i1a. This asserts
the logical value of data line 76 on bit
line 75a. Read-modify¥write column decoder
108b, and all other such decoders
corresponding to columns not containing the
control store element to be written, are |
configured so as to prciide the previously
latched value in register 104b to the output
of write select MUX 101b. Write switch 103b
is se;_in a conducting state so as to allow

write buffer 102b to drive bit line 75b with

the logical value stored in register 104b.

Thus, at the end of the modify phase, bit
line 75a will be driven by a signal
corresponding to the logical value of data

line 76 while bit line 75b and other such

‘bit lines will be driven by a signal

corresponding to the logical value latched

from the previous read phase.

Write Phase.
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While the state of bit lines 75a and 7Sb
remains as defined at the end of the modify
phase, row decode means 60 asserts a signal
on the word line Ssb.that connects to the
write word line terminals 19b in the row
containing the control store element to be
written. This signal causes the write
switches 92 of the corresponding control
store elements 90 to become conducting.

Thus, storage node 97 in the control store
element 90 to be written will be driven by
bit line 75a into the state corresponding to .
the logical value at data line 76. The value
at storage node 97 in other control'store
elements will remain largely non-disrupted
since the logical value being input through
bit line terminal 18 remains the same as that
presently stored at such storage nodes 97.
Thus, the configuratién control signals
provided at terminals 17a and 17b of such
cells (those not being written) remain
substantially non-disrupted. The write phase
ends by terminating the signal 6n the write
word line terminals 19b, thereby latching.in

the new value stored from bit line 75a.
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A CMOS implementation of contfol store element 90
requires eight transistors per element. While some
extfa hardware is also required to implement the read-
modify-write column decoder 100, Precharging of the bit
lines 75 is not necessary, unlike the previously
described nine transistor element 80. It may also be
advantageous to overlap or "pipeline" the read, modify
and/or write phases of the read-modify-write cycle.
Such techniques are well -known in the art.

Fig. 9 shows a modification of the control store
shown in Fig. 5. One modification pertains to the
inclusion of separate read and write word lines (653
and 65b, respectively), as are also present in Fig. 9%a
and are required, for example, to q:ive the separate
read and write word line terminals (1%9a and 19b,
respectively) of control store element 90, as
previously'described. A more significant difference
involves the addition of column decode word lines 65¢c
which facilitate the use of unique decoding, as
explained below. | |

The control store element 110 shown in Fig. 10,
useful in a control store of the type depicted in Fig.
9, provides non-disrupted configuration control signals
at terminals 17a and 17b through the use of unique
decoding and requires seven transistors per element for
a CMOS implementation. Unique decoding involves adding

additional decode circuitry to each
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element in order to maintain electrical isolation
between the bit lines and the storage nodes of all
cells other than that being read or written, so as to
eliminate the source of disruption in such cells. 1In
an array of cbntrol store elements 110, a read word
line 65a (Fig. 9) connects row decode means 60 with
the read word line terminals-lQé of the cells in each
row while a write word line 65b {Fig. 2) cdnnects.row
decode means 60 to the write word line terminals iSb |
of each element in the row. Similarly, one bit line
75 connécts column decode means 70 with tﬁe bit line
terminals 18 of each control store element in a given
column and a column decode word line 65c (Fig. 9)
connects column decode means 70 with the column decode
termin&ls 19¢c of each element in the column.

Control store element 110 comprises a bistable
latch 111, a read switch 112, a write switch 113 and a
column decode switch 114. Bistable latch 111
compriseé a first inverter 115 and a second inverter
116 arranged in a feedb&ck cénfiguration to maintain
the state of control store element 110 at storage node
117. Bistable latch 111 provides the non-inverted
configuration control signal at terminal i7a and the
inverted configuration control signal at terminal 17b.
Switches 112, 113 and 114 are arranged so as to
provide a conductidn path between bit line terminal 18

and storage node 117 whenever either both the read
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switch 112 énd the column decode switch 114 are
conducting or both the write switch 113 and the column
decode switch 114 are conducting.

buring the write operation, row decode means 60
asserts a signal on the write word line 65b that
connects with ﬁhe write word line terminal 19b of the
control store.element to be written. Column decode
means 70 simultaneously asserts a signal on the
column decode word line 65c that connects to the
column decode terminal 19c of the cell to be written.
As a result, the write switchgs 113 of all control
store elements 110 in the same row as tﬁat being
written will become conducﬁing while the column decode
switches 114 of all control store elements 110 in ﬁhe
same cdlumn as that being written will also become
conducting. However, only for the unique control

store element 110 to be written will both the write

‘switch 113 and the column decode switch 114 be ’

conducting, thereby establishing an electrical
conductidn path betwéen bit line terminal 18 and
storage node 117. .chumn decode means 70 also

provides a connection between data line 76 and the bit
line 75 that connects to the bit line terminal 18 of
the control store element 110 to be written, so as to
assert the logical value from data line 76 at bit line
terminal 18. 1In the control store element to be

written, write switch 113 and column decode switch 114
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provide an electrical conduction path with impedance

sufficiently low to allow the state of storage node

117 to change in accordance with the signal asserted

at bit line terminal 18. Since no other control store
element 110 forms such an electrical conduction path
between bit line terminal 18 and storage node 117
durihg the write operation, all such other cells avoid
substantial disruption of the configuration control
signals provided at terminéls_l?a and 17b.

The read operation of control.étore element 110
is similar to the previously described write
operation. The difference is that row decode means 60
asserts a signal on fhe read word line 65a that
connects to the read word line terminal 19a of the
control store element 110 to be read rather than the
write word lzne terminal 19b. Column decode means 70
also asserts a signal on the column decode word 11ne
65c that connects. to the element to be read. Column
decode means 70, rather than driving the bit line 75
that connects to the bit line términal 18.of the cell
to be written, proﬁides a conngction betweeﬁ the bit
line 75 which connects to the hit_line'terminal 18 of
the cell to be read and the data line 76, thereby |
allowing the signél asserted at bit line terminal 18
to drive the logical value of data‘line 76._ Thus, the
state of control store element 110 is read via

connection provided by column decode switch 114, read

Tfﬂs SH This Sheet Has Been Replaced

= AT




10

15

20

25

WO 94/01867 PCT/US93/06285

-29-

switch 112, bit line 75 and column decode means 70.
The impedance of read switch 112 is kept sufficiently
high to ensure a non-destructive read opetation. As
with the write operation, the uniqué decoding of 6n1y
a single control store element assures that none of
the configuration control signals provided by oﬁher
control stbre elements are substantially disrupted
during the read operation of control store

element 110.

Substantial disruption of the configuration
control signals provided by thé cell beiﬁg read, can
be avoided by advantageously selecting a read switch
112 which provides a relatively high on resistance.
Thus, the difference between read switch 112 and write
switch 113 is that read switch 112 maintains a
substantially higher resistance in the conducting

state. By selecting a read switch 112 that maintains

a resi§tance between bit line terminal 18 and storage

node 117, during thé read operation, of substantially
greater-magnitude than the qutput resistance of the
second inverter 116, disruption of the voltage at |
storage node 117 caused by thefcharqe on bit line 75
can be reduced.

Fig 11 is a drawing of a control store section of

a configurable logic array. Like Fig. 9, Fig. 11

includes the column decode word lines 65c. Unlike

Fig. 9, Fig. 11 does not include separate read and
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write word lines but merges both into a single word

‘line 65.

Fig. 12 shows a foﬁrth embodiment .of a control
store element 120 for use in a control store as
depicted in Fig. 11 and capéble of providing non-
disrupted configuration control signals in accordance
with the invention. Control store element 120
comprises a bistable latch 121, a row decode switch
122 and a column decode switch 123. Bistable latch
121 comprises a first inverfer 124 and a second
inverter 125 connected in a feedback configuration so

as to hold the state of control store element 120 at

storage node 126. Bistable latch 121 also provides a

non-inverted configuration control signal at terminal
17a and an inverted configuration control signal at
terminal 17b. |

As with the previously described control gtore
element 110, rowldecode switch 122 and column décode
switch 123 cooperate fo establish a unique decoding
wherein only the control store element being read or
written maintains a conducting electrical path between
storage node 126 and bit line terminal 18. Thus, the
configu;ation control signals at terminals 17a and 17b
provided by control store elements other than that
being read or written will not be disrupted during the

read or write operation.
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The difference between control store element 120
and 110 is that control store element 120 employs the
same electrical path between storage node 126 and bit

line terminal 18 for both the read and write

operations. This eliminates the need for one

transistor to implement read switch 112. A CMOS

iﬁplementation of control. store element 120 requires

_only six transistors per element. However, control

store element 120 requires that column decode means 70
precharge the bit line 75 which connects to the bit
line terminal 18 of a cell being read in order to
minimize disruption of the configuration control
signals provided by that cell and insure that the
state of storage node 126 does not changé as a result
of charge on bit line 75 during the read operation.
The embodiments of control store elements shown
in Figs. 6, 7, 10 and 12 merely repfesént examples of
such elements capable of providing non-disruptive read
and/or write operations in accordance with the present
invention. Those of skill in the art willlappreciate
that numerous altefnative-embodiments of the present
invention may be derived by, among other things,
changing the circuit technology, array structure,
method of association between'control store elements
and confiqgurable logic elements, external I/0 means,

or external programming means. Accordingly, the scope
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of the present invention shall be defined only in

accordance with the following claims.
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What is claimed is:
1. A non-disruptive memory system comprising:
a plurality of storage elements,
each having at least one storage node,
said storage eiements being
programmable into at least two states,
. each storage element also having means
for providing a signal dependent on the
state of said storage node; and,
means for programming the state of
said storage nodes, said means for
programming including means for
directly addressing a subset of said
storage nodes so as to_facilitate
programming of said subset of said
storage nodes. without substantially
disfupting signals dependent on the
state of others of'said storage nodes;
2. A memory system as defined in claim 1,
wherein each storage element includes a bistable
latch.
3. A memory system as defined in claim 1,
wherein said storage elementé are arranged in a
regular two-dimensional array such that each .
. storage element is associated with a particular

fow and column of-the array.
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4. A memory system as defined in claim 3,
wherein said programming means comprises:

row programming means for selectively
coupling electrical signals to the storage
elements in a particular row; and,

column programming means for
selectively coupling'electriCal_signals to
the storage elements in a particular column.

5. A memory system as defined in claim 4,

wherein at least one of said row or column

programming means includes means for temporarily
" storing the states of some of séid subset.of

directly addressgd'storage nodes during a

reprogramming operation.

6. A configurable logic array comprising:

a plurality of configurable logic
elements, said logic elements having at
least two céhfiguration states;

a plurality of control store elements,
said control store elements providing
configuration control signals to said
configurable logic elements for éelecting
the configuration state of said configurable
logic elements; and,' |

programming means for programming said
control store elements, said ﬁrogrammihg

means being capable of directly programming
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a subset of said control store elements
without substantially disrupting the
configurﬁtion control signals provided by
others of said control store elements.

7. A configurable logic array as defined in

. claim 6, wherein the control store elements are

arranged in a two-dimensional array such that .
each element is associated with a particular row
and column of the array.‘ | |
8. A configurable logic array as defined in
claim 7, wherein the proéramming means comprises:
row decode means including a plurality
of word lines, each said word line
conhecting to the control store elements in
a single row of said two-dimensional array;
and, |
column decode means including a
plurality of bit lines, each said bit line
- connecting to the control store elements in
a single column of said two-dimensional
array. '
9. A configurable logic.array as defined in
claim 8, wherein each control store element
comprises:
- a bistable latch having two states;
a control signal buffer receiving input

;frbm said bistable latch and providing a

e |
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configurétion.control signal to a
configurable logic element; and,

a switch responsive to signals from one -
of said word lines fo: connecting said

5 | bistable latch to one of said bit lines.
10. A configurable logic array as defined in
claim 8, wherein each control store element
comprises: | |

| a bistable IAtch having two states and
10 ' providing a configuration control signal;

a write switch responsive to one of
said word lines for connecting said bistable
latch to one of said bit lines;

a read switch responsive to one of said

15 | _word lines for connecting said bistable
latch to said one of said bzt lines; and,

a read buffer disposed between said
bistable latch and said read switch so as to
prevent signals from said one of said bit

20 lines coupled through said read switch from
| substantially disrupting the state of said
bistable latch.
11. A configurable logic array as defined in
" claim 10, wherein the column decode means
25 | —comérises:
means for connecting said one of said

bit lines to a data line; and,
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means for temporarily storing and

maintaining signals on others of said bit

lines.
12. A configurable logic array as defined in
5 claim 8, wherein the column decode means further

lines,

comprises a plurality of column decode word

said column decode word lines connecting

between tbe column decode means and the control

store elements in a single column of said two-

10 " dimensional array.

13.

A configurable logic array as defined in

claim 12, wherein each control store element

comprises:

15

20

25

A

a bistable latch having two states and
providing a configuration control signal;

a column decode switch reséohsive to a
signa1 provided from a column decode word
lihe to control conduction between a first
and a second terminal, said first teérminal
being connected to said bistable latch;

a Qrite switch responsive to a signal

provided from a word line to control

_conduction between said second terminal and

'one of said bit lines; ahd,

a read switch responsive to a signal
provided from one of said word lines to

control conduction between said second
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terminal and said one of said bit lines,
wherein the resistance between said seéond
terminal and.said one of said bit lines when
said read switch is conducting is higher
than the resistance between said second
terminal and said one of said bit lines when
said write switch is conducting.

A configurable logic array as defined in

claim 12, wherein each control store element

10 ' comprises:

15

20

15.

é bistable latch having two states and
providing a configuration coﬁtrol.signal;

a column decode switch responsive to a
signal provided by one of said columh decode
word lines to control conduction between a

first terminal and a second terminal, said

. first terminal being connected to said

bistable latch; and,

a row decode switch responsive to a
signal provided by one of said word lines to
control éonduction between said second
terminal and one of said bit lines.

A method of programming and reprogramming a

configurablé logic array, said method comprising

25 _ the steps of:

. * c L M s *

THIS SHERT HAS BEEN
- REPLACED

. K | This Sheet Has Been Replaced'

||




10

15

20

WO 94/01867

PCT/US93/06285

establishing an electrical connection
between a programming means and a subset of
a plurality of control store elements; and,
asserting programming signals from saiaq
programming means via said electrical
connection to said subset of said control
store elements, so as to reprogram the state
of said subset of said control store
elements without substantially disrupting
configuration control signals provided by
others of said plurality of coﬁErol store |
elenments. | | | |
16. A method for programming and reprogramming a
configurable logic array as defined in claim 15,
wherein said electrical connection between said
programming means and said subset of said control
store elements is established via unique
decoding. _
17. A configurable logic array prbgrammed and
repfogrammed according to the method of claim 15.
i8. A configﬁrable_logic array pfogrammed and

reprogrammed according to the method of claim 16.
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