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SRAM CELL WITH COLUMN SELECT LINE 

FIELD OF INVENTION 

[0001] The present invention relates generally to semicon 
ductor memory devices and more particularly to an 
improved SRAM array structure and method of operating an 
SRAM array to improve the static noise margin, and to 
minimize poWer dissipation and the risk of destabilizing 
unaddressed cells of the accessed Wordline during Write 
operations in the manufacture of semiconductor products. 

BACKGROUND OF THE INVENTION 

[0002] Current trends in the semiconductor and electron 
ics industry require memory devices to be made smaller, 
faster and require less poWer consumption. One reason for 
these trends is that more personal devices are being manu 
factured that are relatively small and portable, thereby 
relying on battery poWer. In addition to being smaller and 
more portable, personal devices are also requiring increased 
memory and more computational poWer and speed. In light 
of all these trends, there is an ever increasing demand in the 
industry for smaller, faster, and loWer poWer dissipation 
memory cells and transistors used to provide the core 
functionality of these memory devices. 

[0003] Semiconductor memories can, for example, be 
characterized as volatile random access memories (RAMs) 
or nonvolatile read only memories (ROMs), Where RAMs 
can either be static (SRAM) or dynamic (DRAM) differing 
mainly in the manner by Which they store a state of a bit. In 
SRAM, for example, each memory cell includes transistor 
based circuitry that implements a bistable latch, Which relies 
on transistor gain and positive (e. g., reinforcing) feedback so 
that it can only assume one of tWo possible states, namely on 
(state 1) or off (state 2). The latch can only be programmed 
or induced to change from one state to the other through the 
application of a voltage or other external stimuli. This 
arrangement is desirable for a memory cell since a state 
Written to the cell Will be retained until the cell is repro 
grammed. 
[0004] DRAMs on the other hand implement a capacitor 
that is either charged or discharged to store the on (state 1) 
or off (state 2) state of a cell. Capacitors discharge over time, 
hoWever, and DRAMs must therefore be periodically 
‘refreshed’. Also, a bistable latch can generally be sWitched 
betWeen states much faster than the amount of time it takes 
to charge or discharge a capacitor. Accordingly, SRAMs are 
a desirable type of memory for certain types of applications. 

[0005] SRAM is typically arranged as a matrix of memory 
cells fabricated in an integrated circuit chip, and address 
decoding in the chip alloWs access to each cell for read/Write 
functions. SRAM memory cells use active feedback from 
cross-coupled inverters in the form of a latch to store or 
“latch” a bit of information. These SRAM memory cells are 
often arranged in roWs so that blocks of data such as Words 
or bytes can be Written or read simultaneously. Standard 
SRAM memory cells have many variations. 

[0006] The basic CMOS SRAM cell generally includes 
tWo n-type or n-channel (nMOS) pull-doWn or drive tran 
sistors and tWo p-type (pMOS) pull-up or load transistors in 
a cross-coupled inverter con?guration, With tWo additional 
nMOS select or pass-gate transistors added to make up a 
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standard double-sided or differential six-transistor memory 
cell (a DS 6T SRAM cell, a 6T SRAM cell, or simply a 6T 
cell). Additionally, application speci?c SRAM cells can 
include an even greater number of transistors. A plurality of 
transistors are utilized in SRAM requiring matched electri 
cal characteristics to provide predictable cell sWitching 
characteristics, reliable circuit performance, and minimize 
array poWer dissipation. 

[0007] As transistor scaling trends continue, hoWever, it 
becomes increasingly di?icult to design an SRAM cell that 
has both adequate static noise margin (SNM), adequate trip 
voltage (V trip), and also can endure read and Write opera 
tions over the desired operating range of temperature, bias 
conditions, and process variations. The trip voltage (Vtrip) 
is essentially a measure of the ability of a cell to be Written 
into, and there is an interdependency betWeen SNM and 
Vtrip in SRAM cell design. For example, if the pass gate is 
too strong relative to the drive transistor, SNM is degraded. 
If the pass gate is too Weak relative to the drive transistor, 
Vtrip is degraded. Also, if the load is too Weak relative to the 
drive transistor, SNM is degraded. Single-sided 4T and ST 
SRAM cells (e.g., SS 5T SRAM cells) have also been 
proposed, but these cells generally suffer from much of the 
above mentioned compromises including poor data stability, 
loW noise margins, and many other such dif?cult issues. 

[0008] Generally, therefore, Whatever improves SNM, 
also degrades Vtrip, and vice versa. With technology scaling 
to the 45 nm node and beyond, it may no longer be possible 
to achieve a balance in the relative strengths of the pass gate, 
drive, and load transistors over the desired range of tem 
perature and bias conditions as Well as process variations. 

[0009] In a standard memory array con?guration, only a 
subset of the cells are addressed in an accessed roW. During 
Write operations of a standard differential 6T cell, for 
example, bias conditions must be such that the unaddressed 
cells in the accessed roW are not subject to upset. Therefore, 
it may be desirable to loWer the array Vdd to reduce poWer 
dissipation, but loW Vdd reduces the stability of the standard 
6T SRAM cells. Similarly, it may be desirable to raise the 
Wordline voltage to improve the SNM margin during Write 
operations; hoWever, the higher Wordline voltage may also 
reduce the stability of the unaddressed cells. 

[0010] Thus, the current balance in cell design values 
often involves a trade-off that may translate to a higher 
incidence of data upsets and/or sloWer access times during 
cell read and Write operations. In addition, although a 
relatively small subset of the cells may be addressed at any 
one time in the standard memory con?guration, poWer is 
consumed on all cells of the array. 

[0011] Accordingly, there is a need for an improved 
SRAM array structure and method of operating the SRAM 
array in a manner that provides optimum static noise margin, 
While minimizing data upsets and poWer dissipation during 
read and Write operations in the fabrication of SRAM 
memory devices. 

SUMMARY OF THE INVENTION 

[0012] The folloWing presents a simpli?ed summary in 
order to provide a basic understanding of one or more 
aspects of the invention. This summary is not an extensive 
overvieW of the invention, and is neither intended to identify 
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key or critical elements of the invention, nor to delineate the 
scope thereof. Rather, the primary purpose of the summary 
is to present some concepts of the invention in a simpli?ed 
form as a prelude to the more detailed description that is 
presented later. The invention relates to an array structure of 
SRAM cells (e.g., 6T single ended or 8T differential cells) 
and method is discussed having variable high and loW 
voltage poWer supplies to provide to selected columns of the 
array (or the entire array) a Write bias condition during a 
Write operation and a read bias condition during a read 
operation, Wherein the read bias condition is different from 
the Write bias condition. Optimum static noise margin is 
provided While minimizing data upsets and poWer dissipa 
tion during read and Write operations, by alloWing the array 
supply voltage to be kept loW during all but the read 
operation and then, enabled by a column select, only raising 
the supply to the selected columns for increased read cur 
rent. In addition, by avoiding boosting the array supply and 
Wordline voltages during Write operations, the present 
invention also minimizes dielectric reliability issues. 

[0013] In one implementation of the present invention, the 
array structure comprises a plurality of SRAM cells 
arranged in roWs and columns With a plurality of bit lines 
and column select lines running in the column direction and 
Word lines running in the roW direction. The cells compris 
ing ?rst and second cross-coupled inverters having ?rst and 
second outputs, respectively, a ?rst pair of pass gates com 
prising a ?rst column select pass gate connected to one of the 
column select lines for selecting a column of cells, and a ?rst 
roW select pass gate connected to a ?rst one of the Word lines 
for selecting a roW of cells, the ?rst pair of pass gates 
connected in series betWeen the ?rst output of the ?rst 
inverter and a ?rst of the plurality of bit lines. The array also 
has a high voltage supply operable to provide a variable high 
voltage (e.g., VDDA) to the cross-coupled inverters; and a 
loW voltage supply operable to provide a variable loW 
voltage (e.g., VSSA) to the cross-coupled inverters. The 
high and loW voltage supplies are operable to supply a Write 
bias condition to the selected cells of the array (or the entire 
array) during a Write operation and a read bias condition to 
the selected cells of the array (or the entire array) during a 
read operation, and Wherein the Write bias condition is 
different from the read bias condition. 

[0014] A Word line driver operable to drive the Wordline, 
and a column select line driver operable to drive the column 
select line, are also described for use either separately, or in 
association With the variable high and loW voltage supplies 
of the present invention. The Word line driver, the column 
select line driver, and the high and loW voltage supplies are 
operable to supply a Write bias condition to the array during 
a Write operation and a read bias condition to the array 
during a read operation, Wherein the Write bias condition is 
different from the read bias condition. This additional aspect 
provides a Wider range of Write bias or read bias conditions 
to enable a single-sided Write operation that permits a 
smaller cell compared to that of a double-sided Write opera 
tion and cell. The methods and structure described herein are 
applicable to silicon Wafer fabrication and other such fab 
rication processes in the manufacture of semiconductor 
memory devices. 

[0015] In another aspect of the invention, the Word line 
driver is operable to drive the Word line to a higher voltage 
during the Write operation than during the read operation. 
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[0016] In still another aspect, the column select line driver 
is operable to drive the column select line to a higher voltage 
during the Write operation than during the read operation. 

[0017] In yet another aspect of the invention, the voltage 
supplied by the high voltage supply is higher during the read 
operation than during the Write operation. 

[0018] In another aspect of the invention, the high voltage 
provided by the high voltage supply is raised during the read 
operation. 

[0019] In still another aspect of the invention, the high 
voltage provided by the high voltage supply is raised in 
selected columns of cells during the read operation. 

[0020] In yet another aspect of the invention, the voltage 
supplied by the loW voltage supply is higher during the Write 
operation than during the read operation. 

[0021] In another aspect of the invention, the loW voltage 
provided by the loW voltage supply is raised during the Write 
operation. 

[0022] In still another aspect of the invention, the loW 
voltage provided by the loW voltage supply is loWered 
during the read operation. 

[0023] In yet another aspect of the invention, the loW 
voltage provided by the loW voltage supply is loWered in 
selected columns during the read operation. 

[0024] In another aspect of the invention, the loW voltage 
provided by the loW voltage supply is raised during the Write 
operation. 

[0025] In still another aspect of the invention, the high 
voltage provided by the high voltage supply is raised in 
selected columns of cells, and the loW voltage provided by 
the loW voltage supply is loWered in selected columns of 
cells during the read operation. 

[0026] In yet another aspect of the invention, the high 
voltage provided by the high voltage supply is loWered in 
selected columns of cells, and the loW voltage provided by 
the loW voltage supply is raised in selected columns of cells 
during the Write operation. 

[0027] In another aspect, the plurality of memory cells 
further comprises a second pair of pass gates comprising a 
second roW and column select pass gates connected in series 
betWeen the second output of the second inverter and a 
second of the plurality of bit lines, the second pair of pass 
gates comprising a second column select pass gate con 
nected to one of the column select lines for selecting a 
column of cells, and a second roW select pass gate connected 
to the ?rst one of the Word lines for selecting a roW of cells, 
the second pair of pass gates connected in series betWeen the 
second output of the second inverter and a second of the 
plurality of bit lines. 

[0028] In still another aspect of the invention, a method of 
operating an SRAM memory cell of an array having one of 
the array structures described above, and comprises estab 
lishing a read bias condition during a read operation by 
raising the voltage of the high voltage supply and loWering 
the voltage of the loW voltage supply to the selected columns 
of cells. The method also comprises establishing a Write bias 
condition during a Write operation by loWering the voltage 
of the high voltage supply to the selected columns of cells, 
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and raising the voltage of the loW voltage supply to the 
selected columns of cells. The method further comprises 
accessing a Word line of the SRAM memory cell by assert 
ing a Word line signal to the roW select line associated With 
the memory cell during the read or the Write operation, and 
accessing a column select line of the SRAM memory cell by 
asserting a column select signal to the column select line 
associated With the memory cell during the read or the Write 
operation such that one of the plurality of cells of the array 
is accessed. 

[0029] To the accomplishment of the foregoing and related 
ends, the folloWing description and annexed draWings set 
forth in detail certain illustrative aspects and implementa 
tions of the invention. These are indicative of but a feW of 
the various Ways in Which the principles of the invention 
may be employed. Other aspects, advantages and novel 
features of the invention Will become apparent from the 
folloWing detailed description of the invention When con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1A is a schematic diagram of a conventional 
differential 6T static random access memory (SRAM) cell; 

[0031] FIG. 1B is a schematic diagram of a conventional 
single-sided 5T SRAM cell; 

[0032] FIGS. 2A and 2B are schematic diagrams of a 
differential 8T SRAM cell such as may be used in accor 
dance With the present invention; 

[0033] FIGS. 3A and 3B are schematic diagrams of a 
single-sided 6T SRAM cell such as may be used in accor 
dance With the present invention; 

[0034] FIG. 4A is a simpli?ed block diagram of an SRAM 
memory array applied to the SRAM memory cell of FIGS. 
2A and 2B, in accordance With several aspects of the present 
invention; 

[0035] FIG. 4B is a simpli?ed block diagram of an SRAM 
memory array applied to the SRAM memory cell of FIGS. 
3A and 3B, in accordance With several aspects of the present 
invention; 

[0036] FIG. 5A is a graph of the impacts of a Word line 
voltage (V WL) on trip voltage (Vtrip) and static noise 
margin (SNM) in a conventional differential 6T SRAM cell 
similar to that of FIG. 1A; 

[0037] FIGS. 5B and 5C are graphs of the impact of VssA 
and VddA array supply voltages on trip voltage (V trip) and 
static noise margin (SNM) in a conventional differential 6T 
SRAM cell similar to that of FIG. 1A; 

[0038] FIGS. 6A-6C are graphs of the impact of VddA and 
VssA array supply voltages on trip voltage (Vtrip), static 
noise margin (SNM), and read current (Iread) in an 8T 
SRAM cell used in accordance With several aspects of the 
present invention; 

[0039] FIGS. 6D-6F are graphs of the impact of Word line 
(WL) and column select line (CSL) voltages on trip voltage 
(Vtrip), static noise margin (SNM), and read current (Iread) 
in an 8T SRAM cell, Without varying one or more of the 
supply voltages; 
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[0040] FIGS. 7A-7C are graphs of the impact of VddA 
array supply voltage on trip voltage (Vtrip), static noise 
margin (SNM), and read current (Iread) in an SS 6T SRAM 
cell used in accordance With several aspects of the present 
invention; and 

[0041] FIGS. 7D and 7E are graphs of the impact of 
loWering VddA and raising VssA array supply voltages, or 
boosting the Word line (WL) and the column select line 
(CSL) voltages to further improve the trip voltage (V trip) in 
a SS 6T SRAM cell used in accordance With several aspects 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The present invention Will noW be described With 
reference to the attached draWings, Wherein like reference 
numerals are used to refer to like elements throughout. The 
invention provides an improved SRAM array structure com 
prising SRAM cells (e.g., single sided 6T or differential 8T 
cells) having variable high and loW voltage poWer supplies 
and a method of operating the SRAM array that provides a 
Write bias condition during a Write operation and a read bias 
condition during a read operation, Wherein the read bias 
condition is different from the Write bias condition. 

[0043] The system and method provides optimum static 
noise margin While minimiZing data upsets and poWer 
dissipation during read and Write operations, by alloWing the 
array supply voltage to be kept loW during all but the read 
operation and then, enabled by a column select, only raising 
the supply to the selected columns to provide increased read 
current. In addition, by avoiding boosting the array supply 
and Wordline voltages during Write operations, the present 
invention also minimiZes dielectric reliability issues. Fur 
ther, the above mentioned SRAM cell and Write operation 
enhancements enable a single-sided Write operation, permit 
ting a smaller SRAM cell (e.g., a SS 6T SRAM cell) 
compared to that of a differential (double-sided) Write opera 
tion. HoWever, the system and method of the present inven 
tion is not limited to the single-sided SRAM cell, but is also 
applicable to differential SRAM cells or other such single 
sided and differential memory cells and cell technologies are 
anticipated in the context of the invention. 

[0044] Because of transistor scaling trends, hoWever, it 
becomes increasingly important to design a compact and 
loW poWer SRAM cell that has adequate static noise margin 
(SNM), and can endure Write operations over the desired 
operating range of temperature, bias conditions, and process 
variations Without producing data upsets. 

[0045] The inventors of the present invention have appre 
ciated that increasing the voltage on the Wordline (WL) (e. g., 
a boosted Wordline) Would improve the SNM, but may then 
subject the unaddressed cells in the accessed roW to a higher 
risk of data upset. The inventors of the present invention 
have also appreciated that the risk of data upset is greatly 
diminished by reducing the poWer supply voltage to the 
array or the selected cell(s) of the array during the Write 
operation. Accordingly, the inventors appreciate that a loW 
ered Write bias condition may be preferable during a Write 
operation, and Would further reduce the overall poWer 
requirements by having this loWered bias condition remain 
as long as possible. During a Write operation, the selected 
cell is coupled by one or more pass gates to an associated 
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bitline pair, for example, that have been both precharged to 
high states. The bitlines then receive charge from the 
selected cell based on the state voltages on the cell, Wherein 
one of the bitlines of the bitline pair is pulled up and another 
of the pair is pulled doWn. 

[0046] The inventors of the present invention have also 
appreciated that it is desirable to have an increased read 
current (an improved read bias condition), and that the read 
current may be increased by increasing the supply voltage to 
the array (e.g., VDDA and VSSA), or preferably to the 
selected cell(s) of the array during the read operation. For 
example, this increased read bias condition may be accom 
plished by raising the voltage on the Vdd terminal, and/or 
loWering the voltage on the Vss terminal of the selected 
cell(s) of the array. Limiting the read bias condition to the 
selected cell(s) requires the least poWer consumption; hoW 
ever, the read bias may also be applied to the column of cells 
associated With the selected cell or to an associated segment 
of the array. 

[0047] Accordingly, one implementation of the method of 
the present invention comprises establishing a read bias 
condition during a read operation by raising the high voltage 
supply voltage and/or by loWering the loW voltage supply 
voltage to the selected columns of cells. The method further 
comprises establishing a Write bias condition during a Write 
operation by loWering the high voltage supply voltage 
and/or by raising the loW voltage supply voltage to the 
selected columns of cells. Then, the present invention fur 
ther comprises accessing the selected cell by raising the 
Word line (WL) and the column select line (CSL) of the 
SRAM memory cell by asserting a Wordline and a column 
select line signal to the WL and the CSL, respectively, 
during a read or Write operation. As a result, the static noise 
margin SNM of the SRAM cell may be improved, While the 
risk of upsetting the unselected cells along a Wordline (data 
upsets) is minimiZed. In addition, this arrangement may be 
useful to limit poWer dissipation in the array to the selected 
cell or cells that are accessed. 

[0048] Exemplary implementations are hereinafter illus 
trated and described in the context of fabricating SRAM cell 
circuits and methods to improve the SNM of an SRAM cell, 
particularly in highly scaled memory arrays, and to avoid 
Write data upsets, Wherein the structures illustrated are not 
necessarily draWn to scale. Although a single-sided 6T 
SRAM cell accessed from a single bitline, and a differential 
8T SRAM cell accessed from a pair of bitlines is discussed 
and illustrated in the context of the present invention, other 
such cells may also utiliZe the methods and circuits illus 
trated herein, and these cells are contemplated. Further, it 
Will be appreciated that the invention may be employed in 
the fabrication of SRAM memory devices, silicon Wafer 
fabrication and other such fabrication processes in the 
manufacture of semiconductor memory devices and other 
such processes apart from the exemplary memory structures 
described and illustrated herein. These and other bene?ts 
Will become more apparent as the folloWing ?gures are 
described infra. 

[0049] Beginning at FIG. 1A a conventional differential 
SRAM cell 100 is illustrated comprising a differential 6T 
static random access memory (SRAM) cell 100. As illus 
trated, the SRAM cell 100 comprise a data storage cell or 
latch 102, generally including a pair of cross-coupled invert 
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ers, for example, inverter 112, and inverter 114, the latch 102 
operable to store a data bit state. FIG. 1A illustrates that the 
bit is stored in the latch 102 at the data nodes or ?rst and 
second latch nodes 104 and 106, respectively, having a high 
or “1” state and a loW or “0” state, respectively. Cell 100 of 
FIG. 1A also comprises a pair of Wordline pass transistors 
116, 118 to read and Write the data bit betWeen the cross 
coupled inverters 112, 114 and bitlines BL 130, BL-bar 132, 
When enabled by Wordline 134. 

[0050] Respective inverters 112, 114 comprise a p-type 
MOS (PMOS) pull-up or load transistor Q1120, Q2122 and 
an n-type (nMOS) pull-doWn transistor Q3124, Q4126. Pass 
gates (e.g., transistors) Q5116, Q6118 are n-channel as Well, 
Which generally supply higher conductance than p-channel 
transistors. Pass transistors 116, 118 are enabled by Wordline 
134 and accessed by bitlines 130, 132 to set or reset the 
SRAM latch 100. FIG. 1A further illustrates that inverters 
112, 114 of the SRAM memory cell 100 are connected 
together to a Vdd drain poWer supply line 140 and a Vss 
source poWer supply line 150. 

[0051] The differential 6T SRAM cell comprises six tran 
sistors and is termed a 6T full CMOS SRAM cell. When the 
channels of all the transistors are formed in the single crystal 
silicon substrate, it is called a single crystalline bulk CMOS 
6T SRAM cell. It is also referred to as a planar SRAM cell 
When all the transistors are made in the same substrate 
material (e.g., bulk crystalline silicon, SOI, etc.). 

[0052] In general, SRAM cells are more stable and have 
better data retention Where the respective pMOS (120, 122) 
and nMOS (124, 126) transistors are balanced and matched 
Within the tWo inverters (112, 114). HoWever, as dimensions 
are reduced to scale doWn devices, it becomes increasingly 
dif?cult to achieve a balance in the relative strengths of the 
pass gate, drive, and load transistors over the desired range 
of temperature, bias conditions, and process variations, as 
Well as achieving matched transistor characteristics. As a 
result, SRAM cells formed as such can be adversely affected 
by varying operating characteristics and may be unstable 
and may not retain the desired bit state, during read or Write 
operations. 

[0053] During conventional read or Write operations, bit 
lines 130 and 132 are initially precharged to a high or “1” 
state as illustrated. A read voltage is asserted to Wordline WL 
134 during a read or a Write operation to activate pass 
transistors Q5116 and Q6118 into conduction, Whereby latch 
102 may be accessed by bitlines 130 and 132, respectively. 
With the prior data states as shoWn in FIG. 1, an exemplary 
high state “1” is on a ?rst latch node 104 at the gate of 
Q4126, and a loW state “0” is on a second latch node 106 at 
the gate of Q3124. With these data states, only Q4126 on the 
“loW side” conducts via latch node 106, and pulls bitline-bar 
132 loWer, While Q3124 on the “high side” does not conduct 
and thus, leaves bitline 130 high. Thus, given a ?nite amount 
of time, the cell Will increasingly establish a greater differ 
ential voltage betWeen the bitlines 130 and 132. 

[0054] Similiarly, FIG. 1B illustrates a conventional 
single-sided SRAM cell 160 comprising a single-sided 5T 
static random access memory (SRAM) cell 160. As illus 
trated, the SRAM cell 160 also comprises a data storage cell 
or latch 102, generally including a pair of cross-coupled 
inverters, for example, inverter 112, and inverter 114, the 
latch 102 operable to store a data bit state. In addition, cell 
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160 of FIG. 1B further comprises a single Wordline pass gate 
(e.g., transistor) 116 to read and Write the data bit between 
the cross-coupled inverters 112, 114 and a single bitline 
(e.g., BL 130), When enabled by Wordline 134. 

[0055] Read and Write operations in the single-sided cell, 
are carried out similar to that of the differential SRAM cell 
100, except the balance of SNM and Vtrip becomes more 
dif?cult. When either a “1” or a “0” is to be Written into the 

differential SRAM cell 100, the dominating operation is 
pulling one side or the other loW. This is because the PMOS 
pull-up transistors Q1120 and Q2122 are Weaker than the 
NMOS pull-doWn transistors Q3124 and Q4126. Once one 
of node 104 or node 106 is pulled loW, the cross-coupling 
Within the cell assists in driving the opposite side high. The 
cell can be designed such that a high voltage on the bit line 
Will not pull the associated node in the cell high. Thus, 
precharging the bit lines high Will not cause upset of the cell 
during a read. In contrast, for the Write operation With the 
single-sided cell 160, the single bit line 130 must be able to 
pull the associated node 104 either high or loW. At the same 
time, there must be a bias condition for the read operation 
that does not upset the cell. 

[0056] FIGS. 2A and 2B illustrate an exemplary differen 
tial 8T SRAM cell 200 such as may be used in accordance 
With the present invention. Compared to the differential 6T 
SRAM cell 100 of FIG. 1A, the 8T SRAM cells 200 of 
FIGS. 2A and 2B comprise additional ?rst and second 
column select pass gates (e.g., transistors) Q9209 and 
Q10210, respectively, for selecting columns of cells using 
column select lines CSL 214 during a Write operation. 
Differential 8T SRAM cell 200 again comprises a latch 202 
having cross-coupled inverters 112 and 114 With ?rst and 
second latch nodes 204 and 206, for storing data. The basic 
latch 202 is similar to latch 102 of cell 100 and as such need 
not be completely described again for the sake of brevity. 
The columns of cells are selected during a Write operation by 
coupling ?rst and second latch nodes 204 and 206 to pass 
nodes 211 and 212 With column Write pass gates Q9209 and 
Q10210, respectively, While pass transistors Q5116 and 
Q6118 couple pass nodes 211 and 212 to BL 130 and BL-bar 
132, respectively. 

[0057] During the Write operation, a Write signal is 
asserted to Wordline 134 and a column select signal is 
asserted to column select line CSL 214 at the gates of 
column select pass gates Q9209 and Q10210. In this Way, 
the latch nodes 204 and 206 are conductively coupled to the 
bitlines BL 130 and BL-bar 132, respectively, during a Write 
operation. Bene?cially, the column select line CSL 214 
together With column select pass gates Q9209 and Q10210, 
limit Write operations along a Wordline roW of cells to the 
column or columns of cell(s) that are speci?cally selected, 
thereby minimizing data upsets to the unselected cells of the 
accessed Word line 134. 

[0058] In accordance With the present invention, data 
upsets along the accessed Word line 134 may be further 
minimized by adjusting one or more bias conditions of the 
cell 200 during the Write operation, herein referred to as a 
Write bias condition. For example, the Write bias condition 
comprises the level of the poWer supply voltages to drain 
poWer supply terminals Vdd 140 and source poWer supply 
terminals Vss 150 of the selected memory cell 200, as Well 
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as the voltage levels of a Write signal on Word line WL 134 
and a column select signal on column select line CSL 214 
during a Write operation. 

[0059] In accordance With one aspect of the invention, the 
Write bias condition comprises reducing an array high volt 
age supply voltage (VDDA) to drain poWer supply terminals 
Vdd 140, and/or increasing an array loW voltage supply 
voltage (VSSA) to source poWer supply terminals Vss 150 
of the selected memory cell 200 during a Write operation. In 
this Write bias condition, the overall poWer supply voltage 
(e.g., the net, or differential supply voltage) is loWer in the 
Write bias condition. This Write bias condition has the effect 
of increasing the Vtrip of the cell, because the cell is more 
easily Written into under these bias conditions. As indicated 
previously, it is preferable that this overall or net poWer 
supply voltage level remain loW to minimiZe poWer dissi 
pation during all operations except for the read operation, 
Which may require a higher voltage for performance. 

[0060] For improved conduction to the latch 202 during a 
Write operation, the column select signal to column select 
pass gates Q9209 and Q10210, and/or the Write signal to 
Wordline pass gates Q5116 and Q6118 of the selected cell(s) 
may be boosted above the Vdd supply voltage level, as Will 
be discussed further in connection With FIGS. 5D-5F, and 
5K infra. Thus, the Write bias condition on cell 200 may 
comprise a poWer supply bias component (VDDA, VSSA) 
as Well as a Word line WL 134 and a column select line CSL 
214 bias component. 

[0061] During a read operation, bitlines BL 130 and 
BL-bar 132 ofcell 200, are again precharged to a high or “1” 
state. A read signal is then asserted onto Wordline WL 134 
to activate pass gates Q5116 and Q6118 into conduction. For 
example, With the prior data states shoWn in FIG. 2A, an 
exemplary read current Iread conducts from the bitline-bar 
132 through Wordline pass gate Q6118, pass node 212, 
column select pass gate Q10210, and NMOS pull-doWn 
transistor Q4126 to Vss 150. 

[0062] In accordance With the present invention, read 
current may be increased by adjusting one or more bias 
conditions of the cell 200 during the read operation, herein 
referred to as a read bias condition. The read bias condition 
comprises, for example, the level of the poWer supply 
voltages to drain poWer supply terminals Vdd 140 and 
source poWer supply terminals Vss 150 of the selected 
memory cell 200, as Well as the voltage levels of a Write 
signal on Word line WL 134 and a column select signal on 
column select line CSL 214 during a read operation. 

[0063] In accordance With one aspect of the invention, the 
read bias condition comprises increasing the array high 
voltage supply voltage (VDDA) to drain poWer supply 
terminals Vdd 140, and/or decreasing the array loW voltage 
supply voltage (V SSA) to source poWer supply terminals 
Vss 150 of the selected memory cell 200 during a read 
operation. In this read bias condition, the overall poWer 
supply voltage (e.g., the net, or differential supply voltage) 
is greater in the read bias condition than in the Write bias 
condition. This read bias condition has the effect of increas 
ing the read current through the series pass gates and the cell, 
because the pull-doWn transistors of the cell conduct more 
under these bias conditions. The read bias condition also 
improves the SNM of the cell. HoWever, as indicated 
previously, it is preferable that the overall or net poWer 
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supply voltage level remain loW to minimize power dissi 
pation during all operations except for the read operation, 
Which may require more conduction. 

[0064] Again, as With the Write operation, for improved 
read current conduction to the latch 202 during a read 
operation, the column select signal, and/or the Write signal 
to the selected cell(s) may be boosted above the Vdd supply 
voltage level, as Will be discussed further in connection With 
FIGS. 5D-5F, and 5K infra. Thus, the read or Write bias 
condition on cell 200 may comprise a poWer supply bias 
component (V DDA, VSSA) as Well as a Word line WL 134 
and a column select line CSL 214 bias component. 

[0065] FIGS. 3A and 3B illustrate an exemplary single 
ended 6T SRAM cell 300, such as may be used in accor 
dance With the present invention. SRAM cell 300 functions 
similar to that of the dilTerential 8T SRAM cell 200 of FIGS. 
2A and 2B, in the same comparative respects as FIG. 1B 
relates to that of FIG. 1A, and as such need not be com 
pletely described again for the sake of brevity. SRAM cell 
300, comprises the latch 202 having cross-coupled ?rst and 
second inverters 112, and 114, respectively, having outputs 
connected to ?rst and second latch nodes 204 and 206, 
respectively. SRAM cell 300 further comprises a ?rst pair of 
pass gates comprising a ?rst column select pass gate Q5205 
connected to a column select line CSL 214 for selecting a 
column of cells. Cell 300 further comprises a ?rst Word line 
pass gate Q6118 connected to a Word line WL 134 for 
selecting a roW of cells, the ?rst pair of pass gates (205 and 
118) connected in series betWeen the ?rst output 204 of the 
?rst inverter 112 and a ?rst bitline BL 130. 

[0066] As With the dilTerential 8T SRAM cell 200FIGS. 
2A and 2B, the read and Write bias conditions of the 
single-sided 6T SRAM cell 300 of FIGS. 3A and 3B may be 
adjusted to optimiZe cell read and Write conditions, respec 
tively. Again, the read and Write bias conditions comprise, 
for example, the level of the poWer supply voltages to drain 
poWer supply terminals Vdd 140 and source poWer supply 
terminals Vss 150 of the selected memory cell 200, as Well 
as the voltage levels of a Write signal on Word line WL 134 
and a column select signal on column select line CSL 214. 
In one aspect of the present invention, the read bias condi 
tion is di?cerent from the Write bias condition, Wherein one 
or more of the VDDA array voltage, the VSSA array voltage, 
the Word line voltage, and the column select voltage is 
di?cerent. 

[0067] For example, in accordance With one aspect of the 
invention, the read bias condition comprises increasing the 
array high voltage supply voltage (VDDA) to drain poWer 
supply terminals Vdd 140, and/or decreasing the array loW 
voltage supply voltage (VSSA) to source poWer supply 
terminals Vss 150 of the selected memory cell 200 during a 
read operation. In this read bias condition, the overall poWer 
supply voltage (e.g., the net, or dilTerential supply voltage) 
is greater in the read bias condition than in the Write bias 
condition. This read bias condition has the e?cect of increas 
ing the read current through the series pass gates and the cell, 
because the pull-doWn transistors of the cell conduct more 
under these bias conditions. The read bias condition also 
improves the SNM of the cell. HoWever, as indicated 
previously, it is preferable that the overall or net poWer 
supply voltage level remain loW across the cell 300 to 
minimiZe poWer dissipation during all operations except for 
the read operation, Which may require more conduction. 
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[0068] Optionally, during the read operation, the overall 
array supply voltage is increased only in the column(s) of the 
addressed or selected cell(s). Particularly, in the case of the 
single-sided 6T SRAM cell 300, the above enhancements for 
the Write operation enable the use of a smaller cell compared 
to the double-sided 8T SRAM cell 200 of FIGS. 2A and 2B. 

[0069] Again in another option, and as in the Write opera 
tion, for improved read current conduction to the latch 202 
during a read operation, the column select signal, and/ or the 
Write signal to the selected cell(s) may be boosted above the 
Vdd supply voltage level, as Will be discussed further in 
connection With FIGS. 5D-5F, and 5K infra. Thus, once 
again, the read or Write bias condition on cell 300 may 
comprise a poWer supply bias component (VDDA, VSSA) 
as Well as a Word line WL 134 and a column select line CSL 
214 bias component. 

[0070] FIGS. 4A and 4B illustrate an exemplary SRAM 
memory array 400 and 450, respectively, such as may be 
applied to the SRAM memory cell 200 of FIGS. 2A and 2B 
SRAM and memory cell 300 of FIGS. 3A and 3B, respec 
tively, in accordance With several aspects of the present 
invention. SRAM memory array 400 and 450, for example, 
comprises a plurality of dilTerential 8T SRAM cells 200, and 
a plurality of single-sided 6T SRAM memory cells 300, 
respectively. 
[0071] The SRAM memory arrays 400 and 450, both 
further comprise a high voltage supply 402 and a loW 
voltage supply 404 to provide each array With a variable 
high voltage VDDA 402a and a variable loW voltage VSSA 
40411, as directed by a read input 408 and a Write input 410. 
These voltages comprise a poWer supply bias component 
(V DDA, VSSA) of the read and Write bias conditions used 
in the read and Write operations, respectively. Optionally, 
these supply voltages in combination With a Word line WL 
134 voltage/signal and/or a column select line CSL 214 
voltage/ signal from an optional WL and CSL controller 420, 
supply a read bias condition for a read operation and a Write 
bias condition for a Write operation of the array 400, 450. 

[0072] FIG. 4A, for example, illustrates an exemplary 
SRAM memory array 400 such as may be applied to the 
SRAM memory cell 200 of FIGS. 2A and 2B, in accordance 
With several aspects of the present invention. SRAM 
memory array 400 comprises a plurality of cells 200, a high 
voltage supply 402, and a loW voltage supply 404, the high 
and loW voltage supplies operable to provide a variable array 
high voltage VDDA 402a and a variable array loW voltage 
VSSA 404a, respectively, to the high and loW voltage 
terminals, Vdd 140 and Vss 150, respectively, of memory 
cells 200 of the array 400. The variable high and loW voltage 
supplies 402 and 404, respectively, and/or together With a 
Word line signal on Word line WL 134 and/ or With a column 
select signal on column select line CSL 214, are further 
operable to supply a read bias condition for a read operation 
and a Write bias condition for a Write operation of the array 
400, Wherein the read and Write bias conditions are dilTerent. 

[0073] Indications of the read and Write operation, for 
example, may be supplied by a high and loW state on a 
read/Write input 408 to each of the variable high and loW 
voltage supplies 402 and 404, respectively. The read and 
Write bias conditions produced by array 400 for the plurality 
of cells 200, are operable to provide optimal reading and 
Writing conditions, and improved SNM, read current, and 
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Vtrip, While avoiding data upsets of the unaddressed cells 
(not shown) along an accessed Word line 134. Optionally, the 
variable high and loW voltage supplies 402 and 404, respec 
tively, may be united Within or replaced by a single poWer 
supply controller 405, having the read/Write input 408, and 
operable to provide variable supply array voltages VDDA 
402a and VSSA 404a, respectively. 

[0074] Optionally, array 400 further comprises a Word line 
and a column select line driver or controller 420 operable to 
drive the Word line WL 134, and the column select line CSL 
214, respectively, in response to read and Write operation 
indications from read/Write input 408. In a further option, 
controller 420 is operable to vary (e.g., boost or reduce) the 
voltage(s) on the Word line 134 and the column select line 
214. The Word line and column select line driver, and the 
high and loW voltage supplies (402 and 404), or together 
With the poWer supply controller 405, are operable to supply 
a Write bias condition to the array 400 during a Write 
operation, and a read bias condition to the array during a 
read operation, Wherein the Write bias condition is different 
from the read bias condition. 

[0075] For example, the VDDA output of the array high 
voltage supply 402 may provide a nominal Vdd, a reduced 
or loWer level Vdd—, an increased or higher level Vdd+, or 
another such VDDA level. Similarly, the VSSA output of the 
array loW voltage supply 404 may provide, for example, a 
nominal Vss, a reduced or loWer level Vss—, an increased or 
higher level Vss+, or another such VSSA level. The com 
bination of the variable outputs from the array high voltage 
supply 402 and the array loW voltage supply 404, produce 
either the read bias condition or the Write bias condition. The 
read or Write bias conditions may be further optimiZed by 
combining the variable outputs from the array high voltage 
supply 402 and/or the array loW voltage supply 404, together 
With a varied voltage level (e.g., boosted or reduced voltage) 
on the Word line WL 134 and/or the column select line CSL 
214. 

[0076] The inventors of the present invention have appre 
ciated that varying any one, or all four of these voltage 
levels, may be used to provide the optimal difference that is 
desired betWeen the read and Write bias conditions. 

[0077] During a read operation, and in accordance With 
one implementation of the invention, the array high voltage 
supply 402 is instructed by the read/Write operation input 
408 to supply an increased VDDA+ voltage to the drain 
supply terminal Vdd 140 for the entire array 400 of cells 
200, or only to the column(s) of cells associated With the 
selected cell(s) 200 of array 400. Further, the array loW 
voltage supply 404 may be instructed by the read/Write 
operation input 408 to supply a decreased VSSA- voltage to 
the source supply terminal Vss 150 for the entire array 400 
ofcells 200, or only to the column(s) ofcells associated With 
the selected cell(s) 200 of array 400. The raising and 
loWering of the VSSA voltage may be done independent of 
a loWering and raising of the VDDA voltage. 

[0078] Similarly, during a Write operation, for example, 
the array high voltage supply 402 may be instructed by the 
read/Write operation input 408 to supply a decreased 
VDDA- voltage to the drain supply terminal Vdd 140 for 
the entire array 400 of cells 200, or only to the column(s) of 
cells associated With the selected cell(s) 200 of array 400. 
Further, the array loW voltage supply 404 may be instructed 
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by the read/Write operation input 408 to supply an increased 
VSSA+ voltage to the source supply terminal Vss 150 for 
the entire array 400 of cells 200, or only to the column(s) of 
cells associated With the selected cell(s) 200 of array 400. 

[0079] Although a dilTerential 8T SRAM cell (e.g. cell 
200) is illustrated and described in the context of the array 
400 of FIG. 4A having the array high and loW voltage poWer 
supplies 402 and 404, respectively, therein, it is appreciated 
that a single-sided 6T cell (e.g., cell 300) may also be 
utiliZed to operate similarly in the array With the read and 
Write bias conditions provided by the adjustable array volt 
age supplies 402 and 404, for example. 

[0080] FIG. 4B, for example, illustrates an exemplary 
SRAM memory array 450 such as may be applied to the 
SRAM memory cell 300 of FIGS. 3A and 3B, in accordance 
With several aspects of the present invention. SRAM 
memory array 450 comprises a plurality of cells 300, a high 
voltage supply 402, and a loW voltage supply 404, the high 
and loW voltage supplies operable to provide a variable array 
high voltage VDDA 402a and a variable array loW voltage 
VSSA 404a, respectively, to the high and loW voltage 
terminals, Vdd 140 and Vss 150, respectively, of memory 
cells 300 of the array 450. The variable high and loW voltage 
supplies 402 and 404, respectively, and/or together With a 
Word line signal on Word line WL 134 and/ or With a column 
select signal on column select line CSL 214, are further 
operable to supply a read bias condition for a read operation 
and a Write bias condition for a Write operation of the array 
450, Wherein the read and Write bias conditions are dilTerent. 

[0081] Indications of the read and Write operation, for 
example, may be supplied by a read/Write input 408 to each 
of the variable high and loW voltage supplies 402 and 404, 
respectively. The read and Write bias conditions produced by 
array 450 for the plurality of cells 300, are operable to 
provide optimal reading and Writing conditions, and 
improved SNM, While avoiding data upsets of the unad 
dressed cells (not shoWn) along an accessed Word line 134. 
Optionally, the variable high and loW voltage supplies 402 
and 404, respectively, may be united Within or replaced by 
a single poWer supply controller 405, having the read/Write 
input 408, and operable to provide variable supply array 
voltages VDDA 402a and VSSA 404a, respectively. 

[0082] Optionally, array 450 further comprises a Word line 
and a column select line driver or controller 420 operable to 
drive the Word line WL 134, and the column select line CSL 
214, respectively, in response to read/Write operation input 
408. In a further option, controller 420 is operable to vary 
(e.g., boost or reduce) the voltage(s) on the Word line 134 
and the column select line 214. The Word line and column 
select line driver, and the high and loW voltage supplies (402 
and 404), or together With the poWer supply controller 405, 
are operable to supply a Write bias condition to the array 450 
during a Write operation, and a read bias condition to the 
array during a read operation, Wherein the Write bias con 
dition is different from the read bias condition. 

[0083] For example, the VDDA output of the array high 
voltage supply 402 may provide a nominal Vdd, a reduced 
or loWer level Vdd—, an increased or higher level Vdd+, or 
another such VDDA level. Similarly, the VSSA output of the 
array loW voltage supply 404 may provide, for example, a 
nominal Vss, a reduced or loWer level Vss—, an increased or 
higher level Vss+, or another such VSSA level. The com 
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bination of the variable outputs from the array high voltage 
supply 402 and the array loW voltage supply 404, produce 
either the read bias condition or the Write bias condition. The 
read or Write bias conditions may be further optimized by 
combining the variable outputs from the array high voltage 
supply 402 and/or the array loW voltage supply 404, together 
With a varied voltage level (e.g., boosted or reduced voltage) 
on the Word line WL 134 and/or the column select line CSL 
214. 

[0084] The inventors of the present invention have appre 
ciated that varying any one, or all four of these voltage 
levels, may be used to provide the optimal difference that is 
desired betWeen the read and Write bias conditions. 

[0085] During a read operation, and in accordance With 
one implementation of the invention, the array high voltage 
supply 402 is instructed by the read/Write operation input 
408 to supply an increased VDDA+ voltage to the drain 
supply terminal Vdd 140 for the entire array 450 of cells 
300, or only to the column(s) of cells associated With the 
selected cell(s) 300 of array 450. Further, the array loW 
voltage supply 404 may be instructed by the read/Write 
operation input 408 to supply a decreased VSSA- voltage to 
the source supply terminal Vss 150 for the entire array 450 
ofcells 300, or only to the column(s) ofcells associated With 
the selected cell(s) 300 of array 450. 

[0086] Similarly, during a Write operation, for example, 
the array high voltage supply 402 may be instructed by the 
read/Write operation input 408 to supply a decreased 
VDDA- voltage to the drain supply terminal Vdd 140 for 
the entire array 450 of cells 300, or only to the column(s) of 
cells associated With the selected cell(s) 300 of array 450. 
Further, the array loW voltage supply 404 may be instructed 
by the read/Write operation input 408 to supply an increased 
VSSA+ voltage to the source supply terminal Vss 150 for 
the entire array 450 of cells 300, or only to the column(s) of 
cells associated With the selected cell(s) 300 of array 450. 

[0087] FIGS. 5A-5C illustrate the impacts of a Word line 
voltage (VWL), an array source supply voltage (VSSA), and 
an array drain supply voltage (VddA) on trip voltage (Vtrip) 
and static noise margin (SNM) in a conventional dilferential 
6T SRAM cell such as cell 100 of FIG. 1A. In FIGS. 5A-5C, 
the y-axis is in units of volts, While the x-axis is in units of 
volts applied to a Word line, or to a supply line of the cell. 
The data presented utiliZes nominal models at room tem 
perature, having pre-charged bitlines and an array nWell at 
1.2 volts, and 0 volts on the substrate. Further, to access the 
latch 102 (or bit) Within the conventional 6T SRAM cell, the 
Word line pass gates (e.g., 116, 118) must be enabled, to 
obtain the data plotted herein. 

[0088] FIG. 5A, for example, illustrates a graph 501 of trip 
voltage (V trip) and static noise margin (SNM) voltage 
values plotted as a function of a Word line voltage (VWL) of 
the conventional differential 6T SRAM cell 100 of FIG. 1A. 
FIGS. 5B and 5C illustrate graphs 502 and 503, respectively, 
of trip voltage (V trip) and static noise margin (SNM) voltage 
values plotted as a function of VssA and VddA array supply 
voltages, respectively, of the conventional dilferential 6T 
SRAM cell 100 of FIG. 1A. 

[0089] FIGS. 5A-5C further illustrate that the conven 
tional 6T SRAM cell operation suffers from the Vtrip vs. 
SNM dilemma or compromise previously discussed. In 
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particular, as Vtrip is improved by boosting the WL voltage, 
by raising VSSA, or by loWering VDDA, SNM is propor 
tionally degraded. 
[0090] FIGS. 6A-6C illustrate graphs of the impact of 
VddA and VssA array supply voltages on trip voltage 
(V trip), static noise margin (SNM), and read current (lread) 
in an 8T SRAM cell, similar to cell 200 of FIGS. 2A and 2B, 
used in an array similar to array 400 of FIG. 4A, having 
variable high and loW voltage supplies used in accordance 
With several aspects of the present invention. Graphs 504, 
505, and 506 of FIGS. 6A, 6B, and 6C, respectively, further 
illustrate the results of loWering VDDA only 50411, of raising 
VSSA only 504b, and of loWering VDDA and raising VSSA 
equally 5040 to the 8TSRAM cell. Again, to access the latch 
202 (or bit) Within the dilferential 8T SRAM cell (or a 
single-sided 6T SRAM cell) the WL and CSL pass gates are 
enabled (e.g., raised to a high state) in the selected cell or 
cells, to obtain the data plotted herein. 

[0091] FIGS. 6A-6C demonstrate that When both WL and 
CSL lines are high (e.g., 1.2 volts), and When VDDA is 
loWered or VSSA is raised, the Vtrip of the ST SRAM cell 
is improved, While the SNM and lread are degraded, similar 
to the results of the conventional 6T cell. HoWever, in actual 
memory operations, the CSL line (e.g., 214) Will deselect all 
the unaddressed cells on the active roW during a read or 
Write operation. Therefore, using the 8T SRAM cell in the 
array of the present invention, similar to array 400 of FIG. 
4A, yields: an improved Vtrip by Writing at a loWered 
VDDA or a raised VSSA (as shoWn toWard the left side of 
FIG. 6A) Without degrading SNM in the unaddressed col 
umns; a good SNM and lread by reading at normal VDDA 
and VSSA (as shoWn at the right side of FIGS. 6B and 6C) 
in the addressed columns during a read operation. 

[0092] Further, poWer consumption can be reduced in the 
array of the present invention (e.g., using the ST SRAM 
cells), by keeping the voltage across the array loW during 
STANDBY and Write operations for all columns, and raising 
the voltage across the array (e.g., to the periphery Vdd of 
1.2V) during a read operation, and preferably only on the 
addressed cells, columns, or roW. 

[0093] FIGS. 6D-6F illustrate graphs of the impact of 
Word line (WL) and column select line (CSL) voltages on 
trip voltage (Vtrip) in graph 507 of FIG. 6D, static noise 
margin (SNM) in graph 508 of FIG. 6E, and read current 
(lread) in graph 509 of FIG. 6F, respectively, in an 8T 
SRAM cell used in a prior art array and method, Wherein 
only the Word line and the column select line are varied. 

[0094] Graphs 507, 508, and 509 of FIGS. 6D, 6E, and 6F, 
respectively, demonstrate that in the prior art 8T SRAM 
memory cell operation of boosting CSL and WL voltages 
alone improves Vtrip 507 and lread 509, but degrades SNM 
508. Thus, boosting CSL and WL alone may not be adequate 
for a read operation. HoWever, if the CSL and/or the WL is 
boosted together With an adjustment of the voltage across 
the array of cells, the Vtrip, SNM, and lread trade-olfs may 
be optimiZed. 

[0095] FIGS. 7A-7C illustrate graphs of the impact of 
VddA array supply voltage on trip voltage (V trip) in graph 
510 of FIG. 7A, static noise margin (SNM) in graph 511 of 
FIG. 7B, and read current (lread) in graph 512 of FIG. 7C, 
in an SS 6T SRAM cell used in accordance With several 
aspects of the present invention. 








