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(57) ABSTRACT 

An e?icient method and computer program for modeling 
and improving stating memory performance across process 
variations and environmental conditions provides a mecha 
nism for raising the performance of memory arrays beyond 
present levels/yields. Statistical (Monte-Carlo) analyses of 
subsets of circuit parameters are performed for each of 
several memory performance variables and then sensitivities 
of each performance variable to 15 each of the circuit 
parameters are determined. The memory cell design param 
eters and/or operating conditions of the memory cells are 
then adjusted in conformity With the sensitivities, resulting 
in improved memory yield and/or performance. Once a 
performance level is attained, the sensitivities can then be 
used to alter the probability distributions of the performance 
variables to achieve a higher yield. Multiple cell designs can 
be compared for performance, yield and sensitivity of per 
formance variables to circuit parameters over particular 
environmental conditions in order to select the best cell 
design. 

(51) Int. Cl. 
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EFFICIENT METHOD AND COMPUTER 
PROGRAM FOR MODELING AND IMPROVING 
STATIC MEMORY PERFORMANCE ACROSS 

PROCESS VARIATIONS AND ENVIRONMENTAL 
CONDITIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates generally to memory 
circuit design methodologies and programs for designing 
digital memory circuits, and more particularly to a method 
and computer program for improving static memory perfor 
mance across process variations and environmental condi 
tions. 

[0003] 2. Description of the Related Art 

[0004] Memory speed and other performance factors are 
critical limitations in today’s processing systems and are 
predicted to become even more of a critical limitation as 
technologies move forWard. In particular, static random 
access memories (SRAMS) and memory cells are used in 
processor caches, registers and in some designs external to 
the system processors for fast access to data and program 
instructions. 

[0005] With processor cycle frequencies reaching Well 
above 4 GhZ, development of SRAM cells that can store and 
provide access to stored values Within that period has 
become necessary. However, at process scales necessary to 
achieve such access are also increasingly subject to vari 
ability in circuit parameters such as device threshold volt 
ages and channel dimensions. Charge history effect and 
physical nano-scale effects due to non-ideal materials also 
come increasingly into place as device siZe is decreased. 

[0006] Semiconductor memories in general are also 
becoming the predominant poWer consumer in almost every 
processing system and particularly in processors, cache 
memory is a major consumer of poWer. As such, reduction 
of SRAM cell poWer supply voltages is highly desirable, as 
poWer dissipation and overall poWer requirements are dic 
tated by the supply voltages used. HoWever, loWer supply 
voltages typical dictate loWer performance levels in terms of 
cell read and Write stability and access delay. 

[0007] Because of all of the above-described limitations, 
yield reduction due to SRAM cell variability or increased 
redundancy requirements Will increase production cost and 
Waste or limit available space and design ?exibility in order 
to provide sufficient redundancy to maintain yields. 

[0008] Present analysis techniques require large amounts 
of processing poWer to extend an accurate yield/perfor 
mance analysis beyond three standard deviations (30) of 
device parameter variations. HoWever, if it Were practical to 
perform more extensive analyses and further if a technique 
for determining Which design parameters can be ef?ca 
ciously altered Were provided, memory device designs could 
be improved beyond present levels and designs for much 
higher operating frequencies could be generated. 

[0009] It is therefore desirable to provide a method for 
modeling and improving SRAM cell performance across 
process variations and environmental operating conditions 
in an efficient manner so that device parameter variations 
can be simulated to a level of So and beyond. 
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SUMMARY OF THE INVENTION 

[0010] The objective of improving SRAM cell perfor 
mance over process variations and environmental conditions 
are achieved by methods that analyZe SRAM cell perfor 
mance for one or multiple cell designs, predict yields With 
respect to performance variables and the optionally and 
iteratively adjust cell design parameters to optimiZe perfor 
mance and yield. 

[0011] The methods may be embodied in program instruc 
tions executing Within a Workstation computer and also in a 
computer program product comprising media for storing the 
program instructions for execution Within a Workstation 
computer system. 

[0012] One aspect of the invention represents an improve 
ment over traditional memory cell modeling, as multiple 
statistical analyses are performed on only a subset of circuit 
parameters for each of several performance variables, While 
other parameters are ?xed. The subset of circuit parameters 
are also varied systematically over the multiple analyses so 
that sensitivities can be determined. The results of the 
statistical analyses are used to compute sensitivities of the 
performance variables to the cell parameters and the cell 
parameters and/or operating conditions are adjusted in con 
formity With the sensitivities in order to improve the 
memory cell design. 

[0013] An initial pass of the analysis may be performed 
With a statistical analysis With respect to the entire set of 
circuit parameters and devices, in order to determine an 
initial set of sensitivities. Examination of the sensitivities 
(e.g., comparison of the sensitivities to a threshold value) is 
then used to eliminate devices/parameters from the subse 
quent analyses. 

[0014] Because of the above-described technique, it is 
possible to extend the analysis beyond a traditional analysis 
that Would extend to only 30 (three standard deviations) to 
a level of 50 and beyond for at least some of the parameters, 
increasing device yields. The increase in analysis speed (i.e., 
reduction in processing poWer requirements) makes it pos 
sible, for example, to extend an analysis to a level of 60 or 
70. Since the cells are not modeled over every device 
parameter, but only the parameters critical to the particular 
performance variable being modeled, computation time is 
reduced and sensitivities can be more effectively deter 
mined. 

[0015] Another aspect of the invention provides for select 
ing a best cell design or cell order by simultaneously 
modeling several cell designs, Whereby the yield and yield 
distribution of performance variables can be compared and 
optimiZed for selecting the best cell design for a given range 
of environmental conditions and process variable statistics. 

[0016] The foregoing and other objectives, features, and 
advantages of the invention Will be apparent from the 
folloWing, more particular, description of the preferred 
embodiment of the invention, as illustrated in the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
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objectives, and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein like reference numerals 
indicate like components, and: 

[0018] FIG. 1 is a schematic diagram of a memory cell 
that can be modeled in accordance with an embodiment of 
the invention. 

[0019] FIG. 2 is a ?owchart depicting a method in accor 
dance with an embodiment of the present invention. 

[0020] FIG. 3 is a ?owchart depicting a method in accor 
dance with another embodiment of the present invention. 

[0021] FIG. 4 is a pictorial diagram depicting a worksta 
tion computer system in which the methods of FIGS. 2 and 
3 can be practiced by executing program instructions of a 
computer program product in accordance with an embodi 
ment of the present invention. 

[0022] FIGS. 5A, 5B and 6-7 are bar graphs depicting 
results of analyses performed in accordance with embodi 
ments of the present invention. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENT 

[0023] With reference now to the ?gures, and in particular 
with reference to FIG. 1, a memory cell that can be modeled 
by a method in accordance with an embodiment of the 
invention is shown. Transistors P10, N10, P11 and N11 form 
a cross-coupled static latch that provides the storage of a 
value in the cell. Transistors N12 and N13 provide for access 
to the value in response to a wordline select signal WL. 
Bitlines BLT (true bitline) and BLC (complement bitline) 
couple all cells in a column, so that when a row is selected 
by signal WL, only one row cell from each column is 
exposed to the memory logic. For a write operation, bitlines 
BLC and BLT are charged to voltages corresponding to the 
desired state of the memory cell and WL is activated 
(pulsed), setting the state of the latch formed by transistors 
P10, N10, P11 and N11. For a read operation, the bitlines 
BLC and BLT are previously charged to opposite state 
predetermined voltages (generally V01‘,1 and ground), and to 
commence the read, WL is pulsed and a sense ampli?er 
coupled to bitlines BLC and BLT determines the stored state 
by differential comparison of bitlines BLC and BLT. 

[0024] The two different operations detailed above are 
impacted in different ways by variations in the parameters of 
transistors P10-11 and N10-13. The variations lead to 
unstable (potentially erroneous) read and write operations 
when the variations rise above a certain level. As operating 
frequencies are increased and device siZes correspondingly 
decreased, the variations take on a statistically signi?cantly 
greater range causing failure of an increasing number of 
devices in a lot. The present invention is directed toward an 
ef?cient method for statistically analyZing the design of 
memory cells so that yields may be improved by selecting 
nominal values for the device parameters and environmental 
operating ranges or optimum operating points (such as 
power supply voltage ranges, power supply optimum value 
or temperature ranges) can be determined for a speci?c 
design. The analysis is performed on subsets of devices 
within the memory cell for each performance variable being 
evaluated. Multiple Monte-Carlo analyses are performed 
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with systematic variations in the parameters in the subset for 
each performance variable, so that sensitivities of the per 
formance variables to the associated parameters can be 
obtained. The systematic variations can be performed 
directly by adjusting the mean value input to each parameter 
(i.e., the nominal design value of the parameter such as the 
design VT value for a particular transistor). 

[0025] The subsets of devices can be selected in advance 
by foreknowledge of the devices critical to a given perfor 
mance variable, or an initial pass of Monte-Carlo analyses 
can be performed on the entire cell to determine the critical 
devices by the level of sensitivity of a performance variable 
to the parameters of the critical devices. Parameters (and 
entire devices) for which the sensitivity falls below a thresh 
old can be eliminated from subsequent iterations by ?xing 
rather than varying those parameters. The result is a reduc 
tion in processing time and memory requirements for sub 
sequent iterations. 

[0026] In particular, with respect to the memory cell 
depicted in FIG. 1, when the stored value is a logical “0” 
(with respect to the bitline values), the common channel 
connection of transistors P10 and N10 is near Vdd. When a 
logical “l” is written to the cell, if transistors N12 and N10 
are “weak” (i.e., high resistance) and/or transistor P10 is 
“strong” (i.e., low resistance) the write operation can fail to 
change the state of the memory cell. For a read operation, if 
transistor N11 is weak and transistors P11 and/or N13 are 
strong, a read operation may change the state of the cell. 
When the value stored in the memory cell is a logical “l”, 
the critical transistor sets are reversed, with variations in 
transistors N12, N10 and P10 causing potential failure of the 
write operation and variations transistors N11, N13 and P11 
causing potential failure of the read operation. However, 
since the design and process are symmetrical, it is not 
necessary to analyZe both conditions. While the devices 
themselves will not be symmetrical, the statistical analysis 
applies to both conditions, because the statistics of the 
devices, e. g. the nominal design values and ranges should be 
the same. 

[0027] Because of the above determination that certain 
devices are critical to certain operations, the device param 
eters: Vth (transistor threshold voltage), W (channel width) 
and L (channel length) can be statistically simulated for just 
those devices for a particular performance variable such as 
read stability, write stability, read and write delays or noise 
on internal cell nodes. 

[0028] By reducing the amount of analysis that must be 
performed to determine whether or not a memory cell design 
will fall below a certain yield, two goals are accomplished: 
the amount of computation time required is managed; and 
greater separation of particular device parameter variations 
with respect to the variation of performance variables 
becomes possible. By separating the device parameter varia 
tions, nominal values of the device parameters can be more 
effectively determined and traded-off and other factors such 
as environmental ranges or nominal operating points can be 
determined. 

[0029] While the illustrated cell is an example ofa cell of 
order 4 that may be analyZed and improved by a method 
according to an embodiment of the invention, it should be 
understood that the techniques illustrated herein may be 
applied to memory cells of any order. (Order as used herein 
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refers to the number of devices that implement the storage 
element of the cell exclusive of the bitline bulfer transistors.) 

[0030] Further, the present invention can be used to obtain 
information about What device parameters are more critical 
to performance variable stability by performing a sensitivity 
analysis on the results of the statistical simulations. For 
example, poWer consumption can be reduced by studying 
leakage effects in subsets of devices Within the cell and 
determining the sensitivity of leakage current to the various 
device parameters for the subset. 

[0031] Also, the present invention can be used to analyZe 
the yield for one or more cell designs based on the perfor 
mance variable criteria, With or Without iterating or changing 
the cell design. For example, cells of device count {1, 2 . . 
. 8} and so on may be simultaneously analyZed in order to 
select the best performance parameter yield for a given set 
of environmental conditions and process variations. 

[0032] Also, When optimiZing the cell designs by chang 
ing cell parameters, the determined cell parameter to per 
formance variable sensitivities can be used to alter not only 
the mean values of the performance variable distributions, 
but the performance variable distributions can be forced to 
asymmetrical distributions (having a higher overall device 
count on the desired side of a performance criteria) in order 
to improve yield. 

[0033] Referring noW to FIG. 2, a method in accordance 
With an embodiment of the present invention is depicted. 
First, subsets of devices for each performance variable to be 
studied are determined (step 50) and then multiple statistical 
simulations (e.g., Monte-Carlo analyses) are performed over 
the systematic variations of parameters studied for the 
devices in the subset (step 52). The subsets can be selected 
by intelligent observation such as the cell analysis described 
above that determined the particular devices affecting par 
ticular performance variables by observing operation of the 
circuit. Alternatively, a ?rst pass of step 52 may be made 
Where all of the devices’ parameters are unconstrained (i.e., 
the ?rst subset is the set of all device parameters) and then 
after determining sensitivities of the performance variables 
to the device parameters beloW in step 54, the subsets of 
devices for the ?rst “improved” pass are selected as those 
devices for each performance variable for Which the sensi 
tivities are high. 

[0034] Next, the sensitivity of each performance variable 
to the systematic parameter variations (parameter input 
statistics variation) for the subset associated With the per 
formance variable is determined by determining the partial 
derivative of the performance variable With respect to the 
parameter variations (step 54) and for an iterative technique, 
a check can be made if performance is at desired levels 
(decision 56) (or other suitable check such as convergence 
at a ?xed value) and if the check determines that further 
computation is desirable or required, the parameters in each 
subset can be adjusted in conformity With the determined 
sensitivities (step 58) and steps 50-56 are then repeated until 
decision 56 indicates termination of the process. Also, as 
indicated in the ?owchart in step 58, some parameters can be 
?xed during iteration (and/or some devices can be removed 
from subsets, i.e., all of their parameters become ?xed) 
When the sensitivity of particular performance variables to 
parameter variations (or the parameter variations for an 
entire device) is beloW a threshold. 
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[0035] Referring noW to FIG. 3, a method in accordance 
With another embodiment of the present invention is illus 
trated in a ?owchart. The illustrated method may be com 
bined With the techniques illustrated in FIG. 2, or may be 
used alone. First, a memory cell model With multiple dif 
fering cell circuits (e.g., cells of device count 1 to N) is built 
in the input to the Monte-Carlo analyses (step 60). Then the 
model is simulated over subset parameter variations and 
environmental conditions (step 62). The sensitivities of each 
cell to the process parameters are then determined (step 64) 
and optionally, the process may be iterated in conformity 
With the sensitivity results (step 66), until the yield distri 
bution is optimiZed for each cell (decision 66). At this point, 
the cell designs can be compared for yield of the perfor 
mance variables and a cell design selected for further 
optimization (step 67) Which may be performed by the 
method illustrated in FIG. 2. 

[0036] Referring noW to FIG. 4, a Workstation computer 
system, in Which methods according to an embodiment of 
the present invention are performed, is depicted. A Work 
station computer 112, having a processor 116 coupled to a 
memory 117, for executing program instructions from 
memory 117, Wherein the program instructions include 
program instructions for executing one or more methods in 
accordance With an embodiment of the present invention, 
such as the method described above With respect to FIG. 2. 

[0037] Workstation computer 112 is coupled to a graphical 
display 113 for displaying program output such as simula 
tion results and circuit layout structure input, design and 
veri?cation programs implementing embodiments of the 
present invention. Workstation computer 112 is further 
coupled to input devices such as a mouse 115 and a keyboard 
114 for receiving user input. Workstation computer may be 
coupled to a public netWork such as the Internet, or may be 
a private netWork such as the various “intra-nets” and 
softWare containing program instructions embodying meth 
ods in accordance With embodiments of the present inven 
tion may be located on remote computers or locally Within 
Workstation computer 112. 

[0038] Referring noW to FIG. 5, a graph depicting results 
of a method in accordance With an embodiment of the 
invention is shoWn. The graph depicts a Read Stability 
analysis result, Where a Monte Carlo analysis of a cell output 
pass transistor such as N13 of FIG. 1 and half of the 
cross-coupled latch (transistors P1 and N11) Were given 
statistics for dimensional variation (L,W) and threshold 
voltage variation. Moving across the graph from left to right, 
an integer change by standard deviation of threshold voltage 
is shoWn and Within each change in threshold voltage 
variation, each bar represents an integer change in dimen 
sional variation by standard deviation. All parameters Were 
studied to the 50 level. 

[0039] The study Was made across a supply voltage range 
of 0.45V to 225V and the dark portions of the bars indicate 
ranges Where the read operation is stable. The folloWing 
observations can be made: With only a variation in Vth, the 
memory cell is unstable for supply voltages under 0.9V. 
When both dimensional and VLh variations are considered, a 
40 variation of the dimensions is tolerable up to a 30 
variation in threshold voltage. 

[0040] Using the sensitivity results depicted in FIG. 5 
iteration can be made as to process control (changing the 
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input statistics) of the device parameters or nominal design 
values for the transistors in order to achieve a desired 
environmental range (such as supply voltage) or to extend 
the alloWable deviation of device variations. Changes in the 
sensitivity results at each iteration can then be used to detect 
minima of the sensitivities versus changes in the nominal 
design parameters or process controls. 

[0041] Referring noW to FIGS. 6A and 6B, results of 
another analysis in accordance With an embodiment of the 
present invention is illustrated. FIG. 6A depicts a Write 
delay distribution 72 and total failure count 70 (i.e., the 
sample count for cell parameters and conditions Where the 
state of the cell never changed in response to a Write 
operation). FIG. 6B shoWs a read delay distribution 74. By 
determining the sensitivities of the distributions (e.g., sen 
sitivities of the performance variable mean, standard devia 
tion and skeW of the distribution to one side of the mean or 
the other), ?xed parameters and mean values of varied 
parameters (i.e., those in the selected subsets) can be 
adjusted to change the shape and position of the distribution 
in order to improve performance and/or yield. 

[0042] Referring noW to FIG. 7, results of yet another 
analysis in accordance With an embodiment of the invention 
is depicted. TWo distributions are shoWn for voltage noise on 
the internal storage node of a cell. Voltage noise on the 
storage node or other indicates cell instability in that an 
excessive excursion leads to a change of cell state. In the 
illustration, tWo distributions 80 and 82 are shoWn corre 
sponding to voltage noise level distribution across quantities 
of tWo different cells With differing device counts. Each cell 
can be optimiZed according to the above-described iterative 
process, or one pass can be made and the cell design With the 
more desirable distribution (e.g., distribution 80) is selected 
and further optimiZed. 

[0043] While the invention has been particularly shoWn 
and described With reference to the preferred embodiment 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in form, and details may be 
made therein Without departing from the spirit and scope of 
the invention. 

What is claimed is: 
1. A method for improving a design of a memory cell, 

comprising: 
selecting particular associated subsets of memory cell 

circuit parameters for each of a plurality of operational 
performance variables; 

determining statistics for each memory cell circuit param 
eter Within said unique subsets for simulation; 

statistically simulating each of said operational perfor 
mance variables over systematic variations of each 
memory cell circuit parameter in said associated subset 
for each simulated operational performance variable; 

computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said associated subset. 

2. The method of claim 1, Wherein said selecting is 
performed by: 

performing multiple statistical analyses of a full set of 
devices Within said memory cell over variations of 
circuit parameters for said full set of devices; 
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computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said full set of devices; 
and 

comparing said sensitivities for each of said operational 
performance variables to a threshold criteria to select 
said associated subsets of parameters as those param 
eters for Which an associated operational performance 
variable has a higher sensitivity. 

3. The method of claim 2, further comprising performing 
said multiple statistical analyses, said computing and com 
paring on multiple cell designs of differing order and further 
comprising selecting one or more of said multiple cell 
designs for further analysis by determining Which of said 
multiple cell designs have loWer values of said sensitivities. 

4. The method of claim 1, further comprising performing 
said selecting, determining, simulating and computing on 
multiple cell designs of differing order and further compris 
ing selecting one or more of said multiple cell designs for 
further analysis by determining Which of said multiple cell 
designs have loWer values of said sensitivities. 

5. The method of claim 1, further comprising adjusting 
one or values Within associated subsets in conformity With 
a result of said computing for each of said operational 
performance variables, Whereby design of said memory cell 
is improved. 

6. The method of claim 1, further comprising: 

eliminating one or more parameters from one or more of 

said subsets in conformity With a result of said com 
puting; and 

repeating said determining, simulating and computing, 
Wherein said repetition is performed on said one or 
more subsets having a reduced number of parameters. 

7. The method of claim 1, Wherein said plurality of 
performance variables includes Write stability and read 
stability, and Wherein said simulating simulates said 
memory cell for each of Write stability, Write delay, read 
stability and read delay over said associated subset. 

8. AWorkstation computer system comprising a processor 
for executing program instructions and a memory coupled to 
said processor for storing program instructions, said pro 
gram instructions including program instructions for altering 
design parameters of a memory cell, said program instruc 
tions comprising program instructions for: 

selecting particular associated subsets of memory cell 
circuit parameters for each of a plurality of operational 
performance variables; 

determining statistics for each memory cell circuit param 
eter Within said unique subsets for simulation; 

statistically simulating each of said operational perfor 
mance variables over systematic variations of each 
memory cell circuit parameter in said associated subset 
for each simulated operational performance variable; 

computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said associated subset. 

9. The Workstation computer system of claim 8, Wherein 
said program instructions for selecting further comprise 
program instructions for: 
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performing multiple statistical analyses of a full set of 
devices Within said memory cell over variations of 
circuit parameters for said full set of devices; 

computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said full set of devices; 
and 

comparing said sensitivities for each of said operational 
performance variables to a threshold criteria to select 
said associated subsets of parameters as those param 
eters for Which an associated operational performance 
variable has a higher sensitivity. 

10. The Workstation computer system of claim 9, Wherein 
said program instructions for performing said multiple sta 
tistical analyses, said computing and comparing are 
executed for multiple cell designs of differing order and 
further comprising program instructions for selecting one or 
more of said multiple cell designs for further analysis by 
determining Which of said multiple cell designs have loWer 
values of said sensitivities. 

11. The Workstation computer system of claim 8, Wherein 
said program instructions for selecting, determining, simu 
lating and computing are executed for multiple cell designs 
of differing order and further comprising program instruc 
tions for selecting one or more of said multiple cell designs 
for further analysis by determining Which of said multiple 
cell designs have loWer values of said sensitivities. 

12. The Workstation computer system of claim 8, further 
comprising program instructions for adjusting one or values 
Within associated subsets in conformity With a result of said 
computing for each of said operational performance vari 
ables, Whereby design of said memory cell is improved. 

13. The Workstation computer system of claim 8, further 
comprising program instructions for: 

eliminating one or more parameters from one or more of 

said subsets in conformity With a result of said com 
puting; and 

repeatedly executing said program instructions for deter 
mining, simulating and computing, Wherein said rep 
etition is performed on said one or more subsets having 
a reduced number of parameters. 

14. The Workstation computer system of claim 8, Wherein 
said plurality of performance variables includes Write sta 
bility and read stability, and Wherein said program instruc 
tions for simulating simulate said memory cell for each of 
Write stability, Write delay, read stability and read delay over 
said associated subset. 

15. A computer program product comprising media 
encoding program instructions for execution on a Worksta 
tion computer, said program instructions for altering design 
parameters of a memory cell, said program instructions 
comprising program instructions for: 

selecting particular associated subsets of memory cell 
circuit parameters for each of a plurality of operational 
performance variables; 
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determining statistics for each memory cell circuit param 
eter Within said unique subsets for simulation; 

statistically simulating each of said operational perfor 
mance variables over systematic variations of each 
memory cell circuit parameter in said associated subset 
for each simulated operational performance variable; 

computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said associated subset. 

16. The computer program product of claim 15, Wherein 
said program instructions for selecting further comprise 
program instructions for: 

performing multiple statistical analyses of a full set of 
devices Within said memory cell over variations of 
circuit parameters for said full set of devices; 

computing sensitivities of each of said operational per 
formance variables to said variations of said memory 
cell circuit parameters Within said full set of devices; 
and 

comparing said sensitivities for each of said operational 
performance variables to a threshold criteria to select 
said associated subsets of parameters as those param 
eters for Which an associated operational performance 
variable has a higher sensitivity. 

17. The computer program product of claim 16, Wherein 
said program instructions for performing said multiple sta 
tistical analyses, said computing and comparing are 
executed for multiple cell designs of differing order and 
further comprising program instructions for selecting one or 
more of said multiple cell designs for further analysis by 
determining Which of said multiple cell designs have loWer 
values of said sensitivities. 

18. The computer program product of claim 15, Wherein 
said program instructions for selecting, determining, simu 
lating and computing are executed for multiple cell designs 
of differing order and further comprising program instruc 
tions for selecting one or more of said multiple cell designs 
for further analysis by determining Which of said multiple 
cell designs have loWer values of said sensitivities. 

19. The computer program product of claim 15, further 
comprising program instructions for adjusting one or values 
Within associated subsets in conformity With a result of said 
computing for each of said operational performance vari 
ables, Whereby design of said memory cell is improved. 

20. The computer program product of claim 15, further 
comprising program instructions for: 

eliminating one or more parameters from one or more of 
said subsets in conformity With a result of said com 
puting; and 

repeatedly executing said program instructions for deter 
mining, simulating and computing, Wherein said rep 
etition is performed on said one or more subsets having 
a reduced number of parameters. 

* * * * * 


