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VARIABLE DEPTH AND WIDTH MEMORY
DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation-in-part of application
Ser. No. 08/442,795, filed May 17, 1995, now U.S. Pat. No.
5,689,195, and a confinuation-in-part of application Ser.
No. 08/245,509, filed May 18, 1994, now U.S. Pat. No.
5,550,782.

BACKGROUND OF THE INVENTION

This 1nvention relates to integrated circuit random access
memory devices, and more particularly, to techniques for
configuring the depth and width of a region of random
aCCESS Memory.

Integrated circuit random-access memory (RAM) devices
are widely used 1n electronic systems. Such memory devices
are typically characterized by a depth and a width. The width
of a device 1s the number of parallel data output lines
available for reading out data stored in the device. The depth
of a device 1s the maximum number of data bits that may be
accessed via each of the data output lines. For example,
devices with a total storage capacity of two kilobits of data
are available in 2Kx1 and 1Kx2 configurations. A 1Kx2
device has a width of two and a depth of 1 kilobit (1024
bits). A 2Kx1 device has a width of one and a depth of two
kilobits.

Because random-access memory devices are available in
various depth and width configurations, a designer of an
clectronic system 1s generally able to select a memory
device with a depth and width suitable for use in the system.
However, in some applications it would be [desireable}
destrable to be able to reconfigure the depth and width of a
selected memory device without having to use an entirely
new part.

In addition, programmable logic devices sometimes con-
tain regions of RAM, as described in commonly assigned
co-pending Chif et al. U.S. patent application Ser. No.
08/442,795, filed May 17, 1995, which 1s hereby incorpo-
rated by reference herein. Programmable logic devices can
be programmed by a user to perform a variety of logic
functions. To enhance the flexibility of a programmable
logic device containing a region of RAM, 1t would be useful
if were possible to program the region of RAM to various
depth and width configurations.

Gate arrays sometimes contain blocks of RAM. If only
part of the block of RAM 1is connected to the logic circuitry
of the gate array during fabrication, the depth and width of
the RAM that 1s used can be varied. For example, 1if a gate
array contains a 2Kx2 RAM array block, 1t 1s possible to
fabricate the connections between the gate array logic cir-
cuitry and the RAM so that only a 2Kx1 region of RAM 1s
used. Alternatively, the gate array can be fabricated so that
only a 1Kx2 region 1s used. However, selectively connecting
only portions of the block of RAM to the logic circuitry of
the gate array 1s neflicient, because the portion of RAM that
1s not connected to the logic circuitry cannot be used.
Further, because gate arrays are generally configured using
custom masks, they are not field programmable and cannot
be reconiigured after fabrication.

Some gate arrays, known as field programmable gate
arrays, are reprogrammable. Field programmable gate arrays
typically contain numerous configurable logic blocks, each
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of which may contain a small amount of RAM. Although 1t
might be possible to connect a number of the configurable
logic blocks together to provide a large region of RAM, such
an arrangement 1S unlikely to be satisfactory. The process of
passing signals to and from a configurable logic block 1s
relatively slow. Further, field programmable gate arrays do
not contain row and column decoders for addressing RAM
arrays. Although some decoding functions might be pro-
vided by the configurable logic blocks, using configurable
logic blocks to build decoders would be cumbersome. Using
the configurable logic blocks for decoding would also be
slower than using dedicated row and column decoder cir-
cultry.

It 1s therefore an object of the present invention to provide
a programmable random-access memory circuit.

It 1s a further object of the present invention to provide a
variable depth and width random-access memory circuit.

SUMMARY OF THE INVENTION

These and other objects of the invention are accomplished
in accordance with the principles of the present invention by
providing a programmable variable depth and width
random-access memory circuit. The memory circuit con-
tains rows and columns of memory cells for storing data.
Row and column address circuitry i1s used to address the
cells. Output circuitry 1s used to route data from the array to
one or more data output lines.

The row address circuitry contains a row decoder. A row
address signal 1s provided to the row decoder that causes the
row decoder to address an mndividual row of memory cells
in the array.

The column address circuitry receives a column address
signal and a depth and width selection signal. A column
decoder within the column address circuitry addresses one
or more columns of memory cells 1n the RAM array based
on the selected width of the array. The output of the column
decoder 1s routed to the appropriate column or columns of
memory cells by a routing array having a pattern of fixed
connections and by a group of programmable multiplexers.

The number of data output lines to which data signals are
provided 1s determined by the selected width of the RAM
array. The output circuitry contains a group ol program-
mable demultiplexers and a routing array having a pattern of
fixed connections suitable for passing data signals from the
RAM array to the selected number of data output lines.

If desired, the random-access memory circuit can be
provided as part of a programmable logic device that uses
programmable RAM or as part of any other suitable inte-
orated circuit. The random-access memory circuit can also
be provided as a discrete itegrated circuit device.

Further features of the invention, 1ts nature and various
advantages will be more apparent from the accompanying,
drawings and the following detailed description of the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a conventional 2Kx1
memory device.

FIG. 2 1s a schematic diagram of a conventional 1Kx2
memory device.

FIG. 3 1s a circuit diagram of a variable depth and width
memory device 1n accordance with the present invention.

FIG. 4 1s a circuit diagram of a memory cell of the
memory device of FIG. 3.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A conventional 2Kx1 memory device 100 1s shown 1n
FIG. 1. Memory device 100 has a two kilobit random access
memory (RAM) array 102, which has 64 rows and 32
columns of memory cells (not shown). Data is written into
the memory cells of array 102 using data mput line 104. Data
1s read out of the memory cells via data output line 106. Row
address circuitry 108 accepts a six bit address signal at 1input
110, which allows row address circuitry 108 to address a
selected one of the 64 rows of memory cells 1n array 102.
Column address circuitry 112 accepts a five bit address
signal at input 114, which allows column address circuitry
112 to address a selected one of the 32 columns of memory
cells 1n array 102.

Sense amplifier circuitry 116 receives 32 data output lines
118 from array 102. Sense amplifier circuitry 116 amplifies
the data recerved from array 102 on data output lines 118 and
combines these 32 data output lines 118 to form output 106.
Because memory device 100 has a single output 106 and
because the maximum amount of data that can be read out
of output 106 1s two kilobaits, the memory device 100 1s said
to have a “depth” of 2K and a “width” of one. Because the
depth and width of memory device 100 are fixed, 1f it 1s
desired to use a memory configuration other than the 2Kx1
RAM configuration of FIG. 1, memory device 100 cannot be
used.

A conventional 1Kx2 memory device 120 1s shown 1n
FIG. 2. Memory device 120 has a two kilobit RAM array
122, which has 64 rows and 32 columns of memory cells
(not shown). Data is written into the memory cells of array
122 using data input line 124. Data is read out of the memory
cells via two data output lines: data output line 126 and data
output line 128. Row address circuitry 130 accepts a six bit
address signal at mput 132, which allows row address
circuitry 130 to address a selected one of the 64 rows of
memory cells m array 122. Column address circuitry 134
accepts a four bit address signal at input 136, which allows
column address circuitry 134 to address a selected pair of the
32 columns of memory cells in array 122 (e.g., column 0 and
column 16 or column 1 and column 17).

Sense amplifier circuitry 138 receives 16 data output lines
140 from the first half of the columns of array 122 (e.g.,
columns 0 through 15). Sense amplifier circuitry 142
receives 16 data output lines 144 from the second half of the
columns of array 122 (e.g., columns 16 through 31). Sense
amplifier circuitry 138 amplifies the data received from
array 122 on data output lines 140 and combines these 16
data output lines 140 to form the data output line 126. Sense
amplifier circuitry 142 amplifies the data received from
array 122 on data output lines 144 and combines these 16
data output lines 144 to form data output line 128. Address-
ing a pair of columns with column address circuitry 134
therefore causes the data from two associated memory cells
of array 122 to be provided in parallel at data output lines
126 and 128. The maximum amount of data that can be read
out of either data output line 126 or data output line 128 is
1K. The memory device 120 therefore has a depth of 1K and
a width of two. The depth and width of memory device 120
are fixed, so if 1t 1s desired to use a memory configuration
other than the 1Kx2 configuration of FIG. 2, memory device
120 cannot be used.

A variable depth and width memory circuit 146 in accor-

dance with the present invention 1s shown m FIG. 3.
Memory circuit 146 has a two kilobit RAM array 148, which
has 64 rows and 32 columns of memory cells 150. Only one
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4

memory cell 150 1s shown 1n FIG. 3 to avoid over-
complicating the drawing. Data may be written 1into memory
cells 150 of array 148 using data input line 152. Data 1s read

out of the memory cells via one or more of eight data output
lines 154.

The number of data output lines 154 on which data 1s
provided depends on the width selected for memory circuit
146. If memory circuit 146 has been programmed to have a
width of one (the x1 mode), data is [provide] provided on a
single one of the data output lines 154 (output line DO0). If
the programmed width is two (the x2 mode), then data is
provided using two data output lines 154 (output lines DO

and D1). If the width is four (the x4 mode) data 1s provided
on data output lines D0, D1, D2, and D3. If the width 1s eight
(the x8 mode), data is provided on all eight of data output

lines 154 (D0-D7).

The depth of memory circuit 146 varies depending on the
chosen width of memory circuit 146. For example, i the
width 1s one, the depth 1s 2K. Widths of two, four, and eight
result in depths of 1K, [512, and 256] 512, and 256,

respectively.

The depth and width of memory circuit 146 are preferably
determined by a two-bit depth and width mode selection
signal applied to input 156 of multiplexer decoder 158.
Multiplexer decoder 158 converts the two bit selection
signal at input 156 to four depth and width control signals at
output 160. The depth and width control signals at output
160 are provided to multiplexers 162, demultiplexers 164,
and address control logic 166.

Address control logic 166 accepts a column address signal
at input 168. In the x1 mode, a five bit column address 1s
used 1n conjunction with a six bit row address to address
individual memory cells 150. In configurations of greater
width, fewer bits of the column address are used. For
example, 1n the x2 mode, only a four bit column address 1s
used. The four bit column address and the six bit row address
are sufficient to specily a unique pair of memory cells 150
from which two data bits are obtained in parallel in the x2
mode.

In the x1 mode, all five bits of the column address
supplied to 1nput 168 are passed to column decoder 170. In
the x2 mode, address control logic 166 provides four bits of
the column address to column decoder 170 unchanged and
assigns the fifth bit to a logical low signal. In the x2 mode,
the fifth bit of the column address at input 168 1s therefore
a “don’t care” bit. In the x4 mode, address control logic 166
provides three bits of the column address to column decoder
170 unchanged and provides the fourth and fifth bits as
logical low signals. The fourth and fifth bits of the column
address at mnput 168 are don’t care bits 1n the x4 mode. In
the x8 mode, address control logic 166 passes two bits of the
column address at input 168 to column decoder 170
unchanged and provides the third, fourth, and fifth bits as
logical low signals. The third, fourth, and fifth bits of the
column address at mnput 168 are don’t care bits 1n the x8
mode. Because address control logic 166 provides column
decoder 170 with logical low signals when certain column
address bits are not used, column decoder 170 addresses the
appropriate column decoder output lines 1n routing array

173.

Column decoder 170 decodes the address signals pro-
vided at input 172 by address control logic 166 and provides
a corresponding decoder output signal on output lines 174.
Output lines 174 are connected to multiplexers 162 by 32
columns of input routing lines 176. A pattern of fixed
connections 178 1s used to connect output lines 174 to input
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routing lines 176. The 1llustrative pattern of fixed connec-
tions 178 shown 1n FIG. 3 allows output lines 174 to be
connected to mput routing lines 176 using a minimal amount
of integrated circuit surface area. Multiplexers 162 connect

the rightmost of the four input routing lines 176 1n each of 5

the 32 columns to column select lines 180 when the x1 mode
1s selected. Multiplexers 162 connect the input routing lines

176 that are second from the right in each of the 32 columns
to the corresponding column select lines 180 when the x2
mode 1s selected. In the x4 and x8 modes, multiplexers 162

respectively direct the third and fourth mnput routing lines
176 from the right in each column to the column select lines
180. Column select lines 180 drive the gates of pass tran-

sistors 182.

When column addresses are provided to input 168, one or
more column select lines 180 go high, depending on the
selected mode of memory circuit 146. For example, 1f it 1s
desired to operate memory circuit 146 in the x1 mode, the
depth and width mode selection signal applied to multi-
plexer decoder 158 results 1n control signals at output 160
that direct address control logic 166 to pass the complete five
bit column address signal applied to input 168 to column
decoder 170. If the five bits of the column address signal are
high, low, low, low, and low 1n the x1 mode, for example,
the column decoder 170 will generate a logical high signal
on the Oth (top) output line 174. The Oth output line 174 is
connected to a number of multiplexers 162, such as multi-
plexer 162 in column 5 (via the x8 input) and multiplexer
162 in column 3 (via the x8 and x4 inputs). However, only
in column 0 1s the Oth output line 174 connected to the x1
input of one of multiplexers 162. Accordingly, in the x1
mode only the column select line 180 in column 0 goes high.

When the column select line 180 in column 0 goes high,
pass transistor 182 1n column 0 is turned on, so that data in
column 0 1s provided to the demultiplexer 164 1n column 0.
Demultiplexers 164 are connected to output data lines 154
by output routing lines 184. Output data lines 154 and output
routing lines 184 are connected by a pattern of fixed con-
nections 186 1n the form of routing array 187. If data is
passed from RAM array 148 via the pass transistor 182 in
column 0 in the x1 mode, the data passes from demultiplexer
164 in column 0 to data output line [DO] DO via the
connection 186 at the intersection of the x1 output of
demultiplexer 164 and data output line D0. Data output lines
D1-D7 are not connected to RAM array 148 1n the x1 mode.

If 1t 1s desired to operate memory circuit 146 in the x2
mode, the user of memory circuit 146 provides a four bit
address to the first four input terminals of address control
logic 166. An appropriate depth and width mode selection
signal 1s applied to multiplexer decoder 158, which results
in control signals at output 160 that direct address control

logic 166 to pass a four bit column address to column
decoder 170.

If the four bits of the column address signal 1n the x2
mode are high, low, low, and low, column decoder 170 will
generate a logical high signal on the Oth (top) output line
174. Because the Oth output line 174 1s connected to the x2
input of multiplexers 162 in both column 0 and column 1,
the column select lines 180 1n column 0 and column 1 both
oo high, turning on pass transistors 182 1n column 0 and
column 1. Because pass transistors 182 in column 0 and
column 1 are on, data bits from memory cells in column 0
and column 1 are provided 1n parallel to the demultiplexers
164 1n column 0 and column 1. Output routing lines 184
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connect the outputs of the demultiplexers 164 1n column 0
and column 1 to output data lines D0 and D1. Data output

lines D2-D7 are not connected to RAM array 148 in the x2
mode.

At the same time that the column address i1s used to
address data 1n one or more columns of RAM array 148, row
decoder 190 accepts a six bit row address signal at input 192
that 1s used to address a selected one of the 64 rows of
memory cells 150 1n array 148. Output lines 194 of row
decoder 190 drive 32 1:2 read/write demultiplexers 196,
which receive a read/write select signal via line 198. It data
1s to be read from RAM array 148, demultiplexers 196 direct
the signal from lines 194 to read word lines 200. If data 1s
to be written to RAM array 148, demultiplexers 196 direct
the signal from lines 194 to write word lines 202. A variety
of different designs may be used for memory cell 150. It
desired, a memory cell 150 that 1s addressed by a single
word line and a single bit line may be used.

As shown 1n FIG. 4, each memory cell 150 preferably has
an associated vertical write bit line 204, which provides data
to be written into memory cell 150 from data input line 152
(FIG. 3). Data is read out of memory cell 150 using read bit
line 206. Write bit line 204 and read bit line 206 are data
lines. Read word line 200, write word line 202, and column
select line 180 are address lines.

Data 1s stored 1n storage element 208, which may be based
on [e.g,] e.g., dynamic RAM (DRAM), static RAM
(SRAM), erasable programmable read-only memory
(EPROM), electrically-erasable programmable read-only
memory (E°PROM), flash memory, or any other suitable
addressable memory technology. Preferably, storage ele-

ment 208 1s a four transistor SRAM cell that stores a single
data bat.

In order to write a data bit into storage element 208, write
word line 202 and column select line 180 are placed 1n a high
logical state. Each memory cell 150 contains a transistor
210, which 1s turned on when write word line 202 1s high.
Each column of memory cells 150 contains a transistor 212,
which 1s turned on when column select line 180 1s high.
Because transistors 210 and 212 are on when write word line
202 and column select line 180 are high, the data bit passes
from data input line 152 to storage element 208 via write bit
line 204. Read word line 200 1s low, so transistor 214 1s off.

To read a data bit from storage element 208, read word
line 200 and column select line 180 are placed 1 a logical
high state, which turns on transistor 214 and pass transistor
182. Because transistor 214 and pass transistor 182 are on,
the data bit passes from storage element 208 to data out
terminal 216. Buffer 218 i1s used to increase the signal
strength of the data bit on line 206. Write word line 202 1s
low, so transistor 210 1s off.

The foregoing 1s merely illustrative of the principles of
this 1nvention and various modifications can be made by
those skilled 1n the art without departing from the scope and
spirit of the mnvention. For example, the memory circuit can
have different numbers of rows and columns of memory
cells and the circuitry used to address the memory cells can
be any suitable size.

What 1s claimed 1s:

1. A programmable variable depth and width random-
aCCeSS memory circuit, comprising;:

a random-access memory array having a plurality of rows
and columns of memory cells for storing data;
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a plurality of data output lines;

a row decoder connected to said random-access memory
array for addressing said rows of memory cells;

column address circuitry having a column decoder con-
nected to said random-access memory array for
addressing said columns of memory cells, said column
address circuitry receiving a mode selection signal
indicative of a desired depth and width for said memory
circuit, said column address circuitry simultaneously
addressing a predetermined number of said columns
based on said mode selection signal, said predeter-
mined number being equal to said desired width; and

output circuitry connected to said random-access memory
array for providing said data from said random-access
memory array to said predetermined number of said
data output lines.

2. The memory circuit of claim 1 wherein said column
address circuitry further comprises:

a plurality of column decoder output lines connected to
said column decoder for receiving column decoder
output signals;

a plurality of groups of 1nput routing lines;

a plurality of fixed connections between said column
decoder output lines and said input routing lines for
routing said column decoder output signals from said
column decoder output lines to said input routing lines;

a plurality of multiplexers each having a plurality of
multiplexer mputs connected to one of said groups of
input routing lines and a multiplexer output; and

a plurality of column selection lines each connected to
one of said multiplexer outputs and being associated
with a respective one of said columns of said memory
cells.

3. The memory circuit of claim 2 further comprising a
plurality of pass transistors each having a gate terminal
connected to one of said column selection lines, a pass
transistor input terminal connected to one of said columns of
memory cells, and a pass transistor output terminal.

4. The memory circuit of claim 3 wheremn said output
circuitry further comprises:

a plurality of groups of output routing lines;

a plurality of demultiplexers each having a demultiplexer
input connected to a respective one of said pass tran-
sistor output terminals and each having a plurality of
demultiplexer outputs connected to one of said groups
of output routing lines; and

a plurality of fixed connections between said output
routing lines and said data output lines.
5. The memory circuit of claim 4 wherein said demulti-

plexers receive said mode selection signal and selectively
pass said data from said demultiplexer mnputs to said demul-
tiplexer outputs based on said mode selection signal.

6. The memory circuit of claim 2 wherein said multiplex-
ers receive said mode selection signal and selectively pass
said column decoder output signals from said multiplexer
inputs to said multiplexer outputs based on said mode
selection signal.

7. The memory circuit of claim 1 wherein said column
address circuitry further comprises control logic for receiv-
ing a column address signal and said mode selection signal,
said control logic providing said column address signal to
sald column decoder and providing at least one logical
signal of a predetermined fixed value to said column decoder
when said mode selection signal 1indicates that said width 1s
at least two.

10

15

20

25

30

35

40

45

50

55

60

65

3

8. A method of programmably varying the depth and
width of a random-access memory circuit having a random-
access memory array with a plurality of rows and columns
of memory cells, a plurality of data output lines, a row
decoder, and column address circuitry containing a column
decoder, the method comprising the steps of:

storing data in said memory cells;

addressing said rows of memory cells with said row
decoder;

receiving a mode selection signal with said column
address circuitry that 1s indicative of a desired depth
and width for said memory circuit;

simultancously addressing a predetermined number of
sald columns with said column address circuitry based
on said mode selection signal, said predetermined
number being equal to said desired width; and

providing said data from said random-access memory
array to said predetermined number of said data output
lines.

9. The method of claim 8 wherein said memory circuit

further comprises a plurality of column decoder output lines
connected to said column decoder, a plurality of groups of
input routing lines, a plurality of fixed connections between
salid column decoder output lines and said i1nput routing
lines, and a plurality of multiplexers each having a multi-
plexer output and each having a plurality of inputs con-
nected to one of said groups of mput routing lines, the
method further comprising the steps of:

receving column decoder output signals from said col-
umn decoder with said column decoder output lines;

routing said column decoder output signals from said
column decoder output lines to said multiplexer inputs
with said fixed connections and said input routing lines;
and

passing said column decoder output signals from said
multiplexer inputs to said multiplexer outputs.

10. The method of claim 9 wherein said memory circuit
further comprises a plurality of column selection lines each
connected to one of said multiplexer outputs, the method

[

further comprising the steps of:

receving said column decoder output signals from said

multiplexer outputs with said column selection lines;
and

simultaneously addressing said predetermined number of

columns with said column selection lines.

11. The method of claim 10 wherein said memory circuit
further comprises a plurality of pass transistors, the method
further comprising the step turning on said predetermined
number of said pass transistors to provide said data from said
predetermined number of columns.

12. The method of claim 11 wherein said memory circuit
further comprises a plurality of groups of output routing
lines, a plurality of demultiplexers each having a demulti-
plexer mput and each having a plurality of demultiplexer
outputs connected to one of said groups of output routing
lines, and a plurality of fixed connections, the method
further comprising the steps of:

receving said data from said pass transistor output ter-
minals with said demultiplexer 1nputs;

passing said data from said demultiplexer 1nputs to said
demultiplexer outputs; and
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routing said data from said demultiplexer outputs to said
data output lines via said fixed connections and said

output routing lines.
13. The method of claim 12 further comprising the steps

of:

receiving said mode selection signal with said demulti-
plexers; and

selectively passing said data from said demultiplexer
inputs to said demultiplexer outputs based on said

mode selection signal.
14. The method of claim 9 further comprising the steps of:

receiving said mode selection signal with said multiplex-
ers; and

5

10

10

selectively passing said column decoder output signals
from said multiplexer inputs to said multiplexer outputs
based on said mode selection signal.

15. The method of claim 8 wheremn said column address
circuitry comprises control logic, the method further com-
prising the steps of:

receiving a column address signal and said mode selection

signal with said control logic; and

providing said column address signal and at least one
logical signal of a predetermined fixed value to said
column decoder with said control logic when said mode
selection signal indicates that said width 1s at least two.
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