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(57) ABSTRACT 
A memory cell array employs “source-biasing”, Wherein a 
bias voltage is applied to the sources of one or more FETs 
Within a memory cell to reduce their “off” state sub-thresh 
old leakage currents. The source-bias voltage is selectively 
switched betWeen a small positive bias voltage for “off” 
FETs, and ground for FETs Which are being read. Aplurality 
of source-bias circuits provides the selectively switched bias 

(21) Appl. No.: 10/315,523 voltages to the memory cells in the array. 
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SOURCE-BIASED MEMORY CELL ARRAY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the ?eld of ?eld-effect 
transistor (FET) memories, and particularly to techniques 
for reducing sub-threshold leakage currents in FETs making 
up an array of memory cells. 

[0003] 2. Description of the Related Art 

[0004] Semiconductor computer memories typically com 
prise a number of memory cells arranged into a roW and 
column array. The cells can be arranged to provide various 
types of memories, such as random access memory (RAM) 
and read-only memory (ROM). 

[0005] A conventional ROM having an exemplary 4 roW 
by 4 column array of memory cells is shoWn in FIG. 1. Each 
memory cell 10 comprises a single FET transistor. The gates 
of the FETs in a given roW are connected to a respective 
ROW line, the drains of the FETs in a given column are 
connected to a respective BITLINE, and the sources of the 
FETs in the array are connected to ground. The FETs are 
programmed by some means so that each is either intact 
(programmed to a “0”) or not (programmed to a “1”). To 
read the state of each memory cell, the BITLINEs are 
typically pre-charged to a particular supply voltage. A 
memory cell is then read by enabling its ROW line and 
sensing the voltage of its BITLINE. If the FET being read is 
intact, it conducts current from its drain to its source and 
pulls doWn the BITLINE voltage. If not intact, the BITLINE 
voltage is unaffected. The BITLINE voltage is sensed to 
determine the state of a memory cell. 

[0006] In practice, there may be extended periods during 
Which none of the memory cells are being read. Even When 
a ROM is being read, there are generally only a relatively 
small subset of memory cells Which are read at any given 
time. Thus, most or all of the intact FETs in the array are 
commonly in their “off” or “stand-by” states; i.e., With their 
ROW lines at ground and their BITLINEs at the supply 
voltage. Unfortunately, under these conditions, each intact 
FET Which is “off” exhibits some sub-threshold leakage 
current; i.e., current Which is conducted from drain to source 
When the FET’s gate voltage is less that its threshold 
voltage. This leakage current is typically on the order of 
hundreds of nanoamps per FET, and for a large array, the 
total leakage current can add up to hundreds of milliamps or 
more. 

[0007] The use of modern generation CMOS technologies 
can further exacerbate this problem. To produce faster 
sWitching speeds, FET channel lengths are becoming 
shorter, gate oxide layers are becoming thinner, and thresh 
old voltages are becoming loWer. Though these smaller 
geometry transistors provide faster sWitching speeds and 
higher “on” currents, the ability to turn these transistors off 
becomes very dif?cult, and excessive leakage currents can 
result. 

[0008] One approach used to reduce leakage current is the 
application of a substrate back-bias voltage. The back-bias 
voltage is applied to the FET’s substrate, Which has the 
effect of increasing the FET’s threshold voltage. This does 
reduce the FET’s “off” current, but—because the back-bias 
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voltage is alWays present—also reduces the FET’s “on” 
current, Which is undesirable. It is possible to sWitch the 
back-bias on only during stand-by mode, but the time 
required to sWitch the back-bias on and off may be prohibi 
tively long since it requires driving the entire substrate of the 
IC, Which is a high capacitive load. 

SUMMARY OF THE INVENTION 

[0009] Amemory cell array is presented Which overcomes 
the problems noted above, providing reduced “off” state 
leakage current While having little to no impact on a cell’s 
“on” current or sWitching speed. 

[0010] The present invention is a memory cell array Which 
employs “source-biasing”, Wherein a bias voltage is applied 
to the source of one or more FETs contained Within a 

memory cell to reduce its “off” state leakage current. The 
source-bias voltage is selectively sWitched betWeen a small 
positive bias voltage for “off” FETs and ground for FETs 
Which are “on”. 

[0011] Amemory cell array in accordance With the present 
invention comprises a plurality of FETs arranged into a roW 
and column array. Each column has a respective common 
node, to Which the sources of all the FETs in the column are 
connected. Aplurality of source-bias circuits is connected to 
respective common nodes. Each source-bias circuit com 
prises a resistance connected betWeen the common node and 
ground, and a sWitch connected across the resistance Which, 
When closed, provides a loW-resistance conductive path 
between the common node and ground. The switch is closed 
in response to a “read select” signal Which is enabled 
Whenever one of the FETs connected to the source-bias 
circuit’s common node is read. When the “read select” 
signal is disabled, the resistance conducts the sub-threshold 
drain-source leakage currents of the FETs connected to the 
source-bias circuit’s common node, and thereby produces a 
voltage at the common node Which positively biases the 
sources of the FETs and thereby reduces their sub-threshold 
drain-source leakage currents. The invention is applicable to 
a number of different FET-based memory types, including 
ROMs and RAMs. 

[0012] Further features and advantages of the invention 
Will be apparent to those skilled in the art from the folloWing 
detailed description, taken together With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic diagram of a knoWn memory 
cell array. 

[0014] FIG. 2 is a schematic diagram of a source-biased 
memory cell array per the present invention. 

[0015] FIG. 3 is a schematic diagram of another embodi 
ment of a source-biased memory cell array per the present 
invention. 

[0016] FIG. 4 is a schematic diagram of another embodi 
ment of a source-biased memory cell array per the present 
invention. 

[0017] FIG. 5 is a schematic diagram of another embodi 
ment of a source-biased memory cell array per the present 
invention. 



US 2004/0109361 A1 

[0018] FIG. 6 is a schematic diagram of one possible 
embodiment of a source-biased RAM array per the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] A source-biased memory cell array in accordance 
With the present invention is shoWn in FIG. 2. The eXem 
plary embodiment shoWn depicts a ROM array, though the 
invention is equally applicable to other FET-based memory 
types such as staticRAM (SRAM). 

[0020] Each cell 100 in the ROM array contains a single 
PET, and the FETs are arranged into an array of N roWs and 
M columns. As eXplained above, the gates of the FETs in a 
given roW are connected to a respective ROW line, and the 
drains of the FETs in a given column are connected to a 
respective BITLINE. The FETs are programmed by some 
means so that each is either intact (programmed to a “0”) or 
not (programmed to a “1”). To read the state of each memory 
cell, the BITLINEs are typically pre-charged to a particular 
supply voltage. A memory cell is then read by enabling its 
ROW line and sensing the voltage of its BITLINE. If the 
FET being read is intact, it conducts current from its drain 
to its source and pulls doWn the BITLINE voltage, indicat 
ing a “0”. If not intact, the BITLINE voltage is unaffected 
(indicating a “1”). The BITLINE voltage is sensed to 
determine the state of a memory cell. 

[0021] Previously, the sources of each PET in the ROM 
Were connected to ground. Here, however, each column in 
the array has a respective common node (102,104,106,108), 
and the sources of the FETs in each column are connected 
to the column’s common node. A plurality of source-bias 
circuits (110,112,114,116) is connected to respective com 
mon nodes. Each source-bias circuit comprises a resistance 
(118,120,122,124) connected betWeen the source-bias cir 
cuit’s common node and ground, and a sWitch (126,128, 
130,132) connected across the resistance Which, When 
closed, provides a loW-resistance conductive path betWeen 
the source-bias circuit’s common node and ground. 

[0022] Each sWitch (126,128,130,132) is closed in 
response to a “read select” signal (RSO,RS1,RS2,RSN), 
Which is enabled Whenever one of the FETs connected to a 
source-bias circuit’s common node is read. When none of 
the FETs connected to a source-bias circuit’s common node 
is being read, the source-biased circuit’s “read select” signal 
is disabled, such that the source-biased circuit’s resistance 
(118,120,122,124) is connected betWeen the common node 
and ground. 

[0023] As noted above, the array’s BITLINEs are nor 
mally charged up to a supply voltage. It Was also noted 
above that When not being read, a FET’s ROW line is not 
enabled—and that such a non-enabled FET, if intact, con 
ducts a sub-threshold drain-source leakage current from its 
drain to its source. When all of the FETs in the array are 
considered, the cumulative sum of these leakage currents 
can amount to a substantial current. 

[0024] The invention reduces the magnitude of these sub 
threshold drain-source leakage currents. When none of the 
FETs connected to a source-bias circuit’s common node is 
being read, its “read select” signal is disabled and its sWitch 
is open, such that the source-biased circuit’s resistance 
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(118,120,122,124) conducts the sub-threshold drain-source 
leakage currents of the FETs connected to the common node. 
This causes a voltage to develop across the resistance—and 
thus at the common node—Which positively biases the 
FETs’ source terminals and thereby reduces their sub-thresh 
old drain-source leakage currents. 

[0025] For eXample, memory cell 100 is located Within 
column ‘0’, and the sources of the FETs in column ‘0’ are 
connected to common node 102. Source-bias circuit 110, 
Which includes resistance 118 and a sWitch 126 controlled 
by “read select” signal RSO, is connected betWeen common 
mode 102 and ground. When none of the cells in column ‘0’ 
is being read, RSO is disabled and sWitch 106 is open. The 
sub-threshold leakage currents of each PET in column ‘0’ 
How through resistance 118, developing a voltage Which 
biases the source terminals of each of the FETs connected to 
common node 102. This source-bias voltage reduces the 
magnitude of the FETs’ sub-threshold leakage currents. 
HoWever, if one or more of the memory cells in column ‘0’ 
is being read, RSO is enabled and sWitch 106 is closed. This 
essentially connects the source terminals of the FETs in 
column ‘0’ to ground, such that the invention has no adverse 
impact on their “on” currents or their sWitching speeds. 

[0026] SWitches 126, 128, 130 and 132 are preferably 
FETs having their drain-source circuits connected betWeen 
common nodes 102, 104, 106 and 108, respectively, and 
ground. Their gates are connected to respective “read select” 
signals, such that each FET sWitch is turned on Whenever its 
“read select” signal is enabled. When turned on, the FET 
sWitch provides a loW-resistance conductive path betWeen 
the source-bias circuit’s common node and ground. 

[0027] Resistances 118, 120, 122, 124 may take any of a 
number of forms. As shoWn in FIG. 2, the source-bias 
circuits’ resistances can be implemented With respective 
resistors. Since the resistances are only in-circuit When none 
of the FETs connected to a source-bias circuit’s common 
node is being read, their resistance values should be as large 
as practically possible—to provide the highest possible 
source-bias voltages and thus the loWest possible sub 
threshold leakage currents. 

[0028] Another possible implementation of resistances 
118, 120, 122, 124 is shoWn in FIG. 3. Here, the resistances 
are provided by FETs Which are biased With a bias voltage 
VRl to operate in their linear regions. This provides small 
source-bias voltages Which are suf?cient to reduce the 
sub-threshold leakage currents of the ‘off’ FETs connected to 
each source-bias circuit’s common node. This approach— 
i.e., using a PET to provide the source-bias circuit’s resis 
tance—is very practical and easy to implement. HoWever, 
the resistance so provided Will vary someWhat With the 
voltage across the biased PET, and thus the magnitude of the 
leakage current reduction can vary due to the variable 
number of intact memory cell FETs that can eXist in any 
given column of the ROM. 

[0029] Yet another possible implementation of resistances 
118, 120, 122, 124 is shoWn in FIG. 4. Here, the resistances 
are provided With diode-connected FETs Which operate in 
their saturation regions, thereby providing source-bias volt 
ages Which are about equal to each FET’s threshold voltage. 
The source-bias voltages remain relatively constant regard 
less of the number of memory cell FETs connected to any 
given column. These relatively constant source-bias volt 
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ages provide a predictable reduction in leakage current per 
memory cell FET; i.e., the leakage of a given FET Will be the 
same for a column having only one intact FET and a column 
having tens or hundred of intact FETs. 

[0030] The generation of the “read select” signals (RSO, 
RS1,RS2,RSN) can be approached in several different Ways. 
The simplest arrangement is to have the “read select” lines 
globally connected, such that all “read select” lines are 
enabled When any roW is selected as part of a read operation. 
When so arranged, the invention provides no reduction of 
sub-threshold leakage currents during read operations, since 
all sources Will be connected to ground through their respec 
tive source-bias circuits. HoWever, When no read operations 
are occurring, no “read select” lines are enabled, the source 
bias circuits apply source-bias voltages to their respective 
common nodes, and the array’s sub-threshold leakage cur 
rents are thereby reduced. In many applications, the memory 
array is not being read—i.e., is in “stand-by” mode—for 
extended periods. Thus, the invention serves to reduce 
sub-threshold leakage currents When current consumption is 
ideally at a minimum—i.e., during stand-by. 

[0031] Another approach to the generation of the “read 
select” signals (RSO,RS1,RS2,RS3) is to enable only those 
Which are connected to BITLINES that are actively being 
read. In practice, the cells in a memory array are assigned 
unique addresses, and a cell or group of cells is read by 
specifying the appropriate addresses to an interface circuit 
138 Which enables the appropriate ROW line, senses the 
appropriate BITLINES, and returns the desired memory 
contents. The addresses to be read are decoded, by, for 
example, a decoder 140 (shoWn in FIG. 2), to determine the 
1-of-n selection of a single bitline or group of bitlines and 
the roW for the address or addresses being read. The same 
signal Which indicates Which of the bitlines are to be read 
can also be used to enable the appropriate read select lines. 

[0032] As an example, assume a memory cell array of 
256x256 cells. If the “read select” lines are globally con 
nected, all “read select” lines are enabled When a read 
occurs. In this case, none of the FETs in the array Will be 
source-biased, and thus the FETs in the non-selected roWs 
Will contribute their maximum sub-threshold leakage cur 
rents. During a read, the 256 FETs in the selected roW 
conduct “on” currents, While (256*256)—256=65,280 FETs 
Will exhibit their maximum sub-threshold leakage currents. 

[0033] If, hoWever, the memory addresses are decoded 
such that only the “read select” lines associated With the 
selected bitlines to be read are enabled, then all FETs in 
non-read bitlines in non-selected roWs Will be source-biased. 
Assume, for example, that the memory addresses are 
decoded such that during a read, only 16 bitlines are actively 
read at any one time. In this case, there are 16 FETs Which 
have their sources connected to ground (from the 16 selected 
bitlines) through the sWitch sides of their respective source 
bias circuits such that they see their full “on” currents. The 
remaining FETs in a selected roW, 256—16=240 FETs, Will 
see pseudo-full “on” currents i.e., With their ROW line high 
but With sources Which are biased. Then, 255 *16=4080 
FETs exhibit maximum non-source-biased “off” currents, 
and the remaining FETs ((256—16)*255=61,200 FETs) have 
minimum, source-biased “off” currents. 

[0034] For the embodiments shoWn in FIGS. 2-4, When 
any cell in a column is accessed or read, the FETs that 
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remain “off” (ROW line not selected) in the selected column 
have their sources connected to ground or near ground, 
because the column’s “read select” line is enabled. These 
FETs Will therefore exhibit sub-threshold leakage currents as 
described above. One Way to reduce this effect is shoWn in 
the memory cell array embodiment shoWn in FIG. 5. Here, 
the columns are partitioned into sections, each of Which has 
its oWn source-bias circuit. For example, in FIG. 5, each 
column is divided into “subcolumns” of 4 FETs each, With 
each subcolumn having its oWn source-bias circuit. Thus, 
the subcolumns in the loWer part of the array are connected 
to source-bias circuits 110, 112, 114 and 116, While the 
subcolumns in the upper part of the array are connected to 
source-bias circuits 140, 142, 144 and 146 each of Which 
receives a respective “read select” signal (RS4, RS5, RS6 
and RS7). 

[0035] When the columns are partitioned into subcolumns, 
the “read select” lines can be operated in any of the Ways 
described above. For example, a source-bias circuit’s “read 
select” line can be enabled When any roW in the subcolumn 
is selected as part of a read operation. Assume, for example, 
that a memory cell array includes 512 FETs in each column. 
When a given roW is selected as part of a read operation, 
there could be as many as 511 FETs that generate sub 
threshold leakage currents—if the array is not partitioned as 
described herein. HoWever, if each column is partitioned 
into, for example, four sub-columns of 128 FETs each, When 
a roW is selected there Will be 127 FETs exhibiting maxi 
mum sub-threshold leakage currents, With the other 384 
FETs in the column source-biased to reduce the total sub 
threshold leakage current. 

[0036] A partitioned array could also be arranged to 
enabled only those “read select” signals Which are connected 
to bitlines that are actively being read, in the manner 
described above. The addresses to be read could be decoded, 
by, for example, a decoder 150, to determine the 1-of-n 
selection of a single bitline or group of bitlines and the roW 
for the address or addresses being read. The same signal 
Which indicates Which of the bitlines are to be read can also 
be used to enable the appropriate “read select” lines. 
Assume, for example, a 256x256 memory cell array as 
described above, Which is partitioned into 4 groups of 64 
roWs, and for Which only 16 bitlines are actively read at any 
one time. In this case, during a read there are 16 FETs Which 
have their sources connected to ground (from the 16 selected 
bitlines) such that they see their full “on” currents. The 
remaining FETs in a selected roW, 256—16=240 FETS, Will 
see pseudo-full “on” currents—i.e., With their ROW line 
high but With sources Which are biased. Then, 63*16=1008 
FETs exhibit maximum non-source-biased “off” currents, 
and the remaining FETs ((256—16)*255+(16*(256—64))=64, 
272 FETS) have minimum, source-biased “off” currents. 

[0037] The column partitioning described above provides 
another advantage unrelated to leakage current. When there 
is no column partitioning, the sWitched source lines run the 
entire length of the array. These sWitched source lines 
present a considerable load, Which can sloW the speed With 
Which the lines can be sWitched from their source-biased 
levels to a ground level When a read occurs. Reducing the 
length of the source lines by partitioning the columns as 
described herein improves the speed With Which the array 
can be operated. 
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[0038] The invention is employed as part of a ROM in 
FIGS. 2-5; note, however, that the invention is not limited to 
use With mask-programmed ROMS. Any array of FET-based 
memory cells Which exhibits an unacceptable amount of 
sub-threshold leakage current might bene?t from the inven 
tion, including EPROM, EEPROM, PROM, ?ash memory, 
etc. The invention can also be useful When used With a 
random-access memory 

[0039] An example of the invention as it might be used 
With a RAM is shoWn in FIG. 6. Here, the RAM is a 
static-RAM (SRAM), comprising an array of 6 transistor 
(6T) SRAM cells. Each cell, such as cell 200, includes a pair 
of PMOS pull-up FETs P1 and P2 and a pair of NMOS 
pull-doWn FETs N2 and N3 arranged in a latch con?gura 
tion, and a pair of NMOS pass FETs N1 and N4. As before, 
the cells are arranged into a roW and column array, With the 
cells of each roW connected to a respective ROW line, and 
the cells of each column connected to complementary BIT 
LINEs (e.g., BITLINE 0 and its complement, BITLINEB 0). 
When, for example, cell 200 is holding data corresponding 
to a logic “1”, the voltage at the junction 202 of FETs P1 and 
N2 is at VDD, and the voltage at the junction 204 of FETs 
P2 and N3 is at Zero. 

[0040] Typically, the complementary bitlines are pre 
charged to a nominal supply voltage. When so arranged, 
there are three different leakage paths associated With the 
SRAM cell. There is a leakage path through one of the 
pull-up FETs (either P1 or P2), a path through one of the 
pull-doWn FETs (either N2 or N3), and a path through one 
of the pass FETs (either N1 or N4). In the case illustrated, 
With the voltages at nodes 202 and 204 as described above 
and the ROW line not selected, there are sub-threshold 
leakage currents ?oWing through “off” FETs P2, N2, and 
N4. If a small positive source bias is applied to the sources 
of FETs of N2 and N3, the sub-threshold leakage currents 
from these FETs Will be signi?cantly reduced. A source-bias 
voltage has little effect on P2’s leakage current, but this is 
the smallest leakage component of the three. In this 
example, N2 Will see the source-bias voltage directly at its 
source, and N4 Will see the source-bias voltage at its source 
via “on” FET N3. 

[0041] For a RAM, there Will alWays be a ?xed number of 
RAM cells connected to the source bias circuits. In contrast, 
for a ROM, the number of FETs programmed to ‘0’ Will 
vary, and hence the total leakage current for a given column 
Will vary. The RAM leakage current does not have this 
variability. Since this is the case, a source-bias circuit in 
Which the resistance is a biased FET (as shoWn in FIG. 3) 
is preferred over one in Which the resistance is a diode 
connected FET (as shoWn in FIG. 4); the FIG. 3 approach 
provides more control over the bias voltage, Whereas the 
FIG. 4 scheme constrains the bias to at least a threshold 
voltage. 

[0042] Note that the SRAM circuitry shoWn in FIG. 6 is 
merely exemplary. The invention is useful With any FET 
based RAM cell Which exhibits sub-threshold leakage cur 
rents When not being read. 

[0043] While particular embodiments of the invention 
have been shoWn and described, numerous variations and 
alternate embodiments Will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only 
in terms of the appended claims. 
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We claim: 
1. A source-biased memory cell array, comprising: 

a plurality of memory cells arranged into a roW and 
column array, each of said columns having a respective 
common node, each of said cells comprising at least 
one ?eld-effect transistor (FET), the sources of at least 
one FET from each cell in a given column connected 
together at said column’s common node, the gates of at 
least one FET from each cell connected to a respective 
roW address line Which is enabled When the state of said 
memory cell is read, at least one of the FETs in at least 
some of said cells conducting a sub-threshold leakage 
current to said common node When said cell is not 
being read, and 

a plurality of source-bias circuits, each of Which is con 
nected to a respective one of said common nodes, each 
of said source-bias circuits comprising: 

a resistance connected betWeen said source-bias cir 
cuit’s common node and ground, and 

a sWitch connected across said resistance Which, When 
closed, provides a loW-resistance conductive path 
betWeen said source-bias circuit’s common node and 
ground, said sWitch closed in response to a “read 
select” signal Which is enabled Whenever one of the 
memory cells connected to said source-bias circuit’s 
common node is read, 

said memory cell array arranged such that, When said 
“read select” signal is disabled, said resistance con 
ducts the sub-threshold drain-source leakage cur 
rents of the FETS connected to said source-bias 
circuit’s common node and thereby produces a volt 
age at said common node Which reduces said sub 
threshold drain-source leakage currents. 

2. The memory cell array of claim 1, Wherein said 
resistance is a resistor. 

3. The memory cell array of claim 1, Wherein said 
resistance is a FET biased to operate in its linear region. 

4. The memory cell array of claim 1, Wherein said 
resistance is a diode-connected FET. 

5. The memory cell array of claim 1, Wherein said sWitch 
is a FET having its drain-source circuit connected across 
said resistance and its gate connected to said “read select” 
signal such that it is turned on and thereby provides said 
loW-resistance conductive path When said “read select” 
signal is enabled. 

6. The memory cell array of claim 1, further comprising 
an interface circuit Which provides said “read select” signals 
to said source-bias circuits. 

7. The memory cell array of claim 6, Wherein said 
interface circuit is arranged to enable all of the “read select” 
signals provided to said source-bias circuits When any 
memory cell is being read. 

8. The memory cell array of claim 6, Wherein said 
interface circuit is arranged to enable only the “read select” 
signals provided to source-bias circuits Which are connected 
to columns containing memory cells Which are being 
actively read. 

9. The memory cell array of claim 8, Wherein each 
memory cell has a respective address, said interface circuit 
further comprising an input Which receives addresses to be 
read and a decoder Which decodes said addresses and 
thereby identi?es Which of said columns said addressed cells 
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are in, said controller further arranged to enable only the 
“read select” signals provided to source-bias circuits Which 
are connected to columns identi?ed by said decoder. 

10. The memory cell array of claim 1, Wherein each 
column of said memory cell array is divided into a plurality 
of subcolumns, each of said subcolumns having a respective 
one of said common nodes, the sources of at least one FET 
from each cell in a given subcolumn connected together at 
said subcolumn’s common node, each of said common 
nodes connected to a respective one of said source-bias 
circuits. 

11. The memory cell array of claim 10, further comprising 
an interface circuit Which provides said “read select” signals 
to said source-bias circuits, said controller arranged to 
enable only the “read select” signals provided to source-bias 
circuits connected to subcolumns containing memory cells 
in roWs Which are being read. 

12. The memory cell array of claim 1, Wherein said array 
of memory cells forms a read-only memory (ROM). 

13. The memory cell array of claim 12, Wherein each 
memory cell comprises one FET, the gates of the FETs in 
said cells connected to respective roW lines, the FETs in said 
cells forming columns of FETs, the drains of Which are 
connected to respective bitlines, the state of each FET read 
by enabling its roW line and detecting the voltage on its 
bitline. 

14. The memory cell array of claim 1, Wherein said array 
of memory cells forms a random-access memory 

15. The memory cell array of claim 14, Wherein each of 
said memory cells comprises a plurality of FETs arranged in 
a latch con?guration and connected betWeen a supply volt 
age and one of said common nodes. 

16. The memory cell array of claim 14, Wherein said 
RAM is static-RAM (SRAM). 

17. A source-biased memory cell array, comprising: 

a plurality of memory cells arranged into a roW and 
column array, each column of said memory cell array 
divided into a plurality of subcolumns, each of said 
subcolumns having a respective common node, each of 
said cells comprising at least one ?eld-effect transistor 
(FET), the sources of at least one FET from each cell 
in a given subcolumn connected together at said sub 
column’s common node, the gates of at least one FET 
from each cell connected to a respective roW address 
line Which is enabled When the state of said memory 
cell is read, and 

a plurality of source-bias circuits, each of Which is con 
nected to a respective one of said common nodes, each 
of said source-bias circuits comprising: 

a resistance connected betWeen said source-bias cir 
cuit’s common node and ground, and 

a sWitch connected across said resistance Which, When 
closed, provides a loW-resistance conductive path 
betWeen said source-bias circuit’s common node and 
ground, said sWitch closed in response to a “read 
select” signal Which is enabled Whenever one of the 
memory cells connected to said source-bias circuit’s 
common node is read, 

such that, When said “read select” signal is disabled 
said resistance conducts the sub-threshold drain 
source leakage currents of the FETs connected to 
said source-bias circuit’s common node and thereby 
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produces a voltage at said common node Which 
positively biases the sources of said FETs and 
thereby reduces their sub-threshold drain-source 
leakage currents. 

18. The memory cell array of claim 17, further comprising 
an interface circuit Which provides said “read select” signals 
to said source-bias circuits, said controller arranged to 
enable only the “read select” signals provided to source-bias 
circuits connected to subcolumns containing memory cells 
in roWs Which are being read. 

19. A source-biased read-only memory (ROM), compris 
mg: 

a plurality of ?eld-effect transistors (FETs) arranged into 
a roW and column array to form an array of memory 
cells, each of said columns having a respective com 
mon node, the sources of the FETs in each column 
connected together at said column’s common node, the 
gates of each FET connected to a respective roW 
address line Which is enabled When the state of said 
PET is read, and 

a plurality of source-bias circuits, each of Which is con 
nected to a respective one of said common nodes, each 
of said source-bias circuits comprising: 

a resistance connected betWeen said source-bias cir 
cuit’s common node and ground, and 

a sWitch connected across said resistance Which, When 
closed, provides a loW-resistance conductive path 
betWeen said source-bias circuit’s common node and 
ground, said sWitch closed in response to a “read 
select” signal Which is enabled Whenever one of the 
FETs connected to said source-bias circuit’s com 
mon node is read, 

such that, When said “read select” signal is disabled 
said resistance conducts the sub-threshold drain 
source leakage currents of the FETs connected to 
said source-bias circuit’s common node and thereby 
produces a voltage at said common node Which 
positively biases the sources of said FETs and 
thereby reduces their sub-threshold drain-source 
leakage currents. 

20. The ROM of claim 19, Wherein said ROM is a 
mask-programmed ROM. 

21. A source-biased random-access memory (RAM), 
comprising: 

a plurality of RAM cells arranged into a roW and column 
array, each of said columns having a respective com 
mon node, each of said RAM cells comprising at least 
one ?eld-effect transistor (FET), the sources of at least 
one FET from each cell in a given column connected 
together at said column’s common node, the gates of at 
least one FET from each cell connected to a respective 
roW address line Which is enabled When the state of said 
memory cell is read, at least one of the FETS in each 
cell conducting a sub-threshold leakage current to said 
common node When said cell is not being read, and 

a plurality of source-bias circuits, each of Which is con 
nected to a respective one of said common nodes, each 
of said source-bias circuits comprising: 

a resistance connected betWeen said source-bias cir 
cuit’s common node and ground, and 
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a switch connected across said resistance Which, When threshold drain-source leakage currents conducted to 
closed, provides a loW-resistance conductive path said source-bias circuit’s common node and thereby 
betWeen said source-bias circuit’s common node and produces a voltage at said common node which 
ground, Said SWitCh ClOSed in response I0 a “read reduces said sub-threshold drain-source leakage cur 
select” signal Which is enabled Whenever one of the rents, 
RAM cells connected to said source-bias circuit’s 22_ The RAM of Claim 21 wherein Said RAM is a 
common node is read, StatiORAM (SR 

said RAM arranged such that, When said “read select” 
signal is disabled said resistance conducts the sub- * * * * * 


