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(57) ABSTRACT

A system and method for designing integrated circuits and
predicting current mismatch in a metal oxide semiconductor
(MOS) array. A first subset of cells in the MOS array is
selected and current measured for each of these cells. Stan-
dard deviation of current for each cell in the first subset of
cells is determined with respect to current of a reference cell.
Standard deviation of local variation can be determined using
the determined standard deviation of current for one or more
cells in the first subset. Standard deviations of variation
induced by, for example, poly density gradient effects, in the
x and/or y direction of the array can then be determined and
current mismatch for any cell in the array determined there-
from.
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ANALYTICAL MODEL FOR PREDICTING
CURRENT MISMATCH IN METAL OXIDE
SEMICONDUCTOR ARRAYS

BACKGROUND

Complementary metal oxide semiconductor (CMOS) tran-
sistors are the building blocks for integrated circuits (ICs).
CMOS devices continue to be scaled to smaller sizes with the
goals of increasing both device speed and IC density. Exem-
plary CMOS devices include N-type metal oxide semicon-
ductor (NMOS) and P-type metal oxide semiconductor
(PMOS) transistors. A CMOS transistor generally comprises
a semiconductor substrate, a channel layer above the semi-
conductor substrate, a gate oxide layer and a gate stack above
the channel layer, and source and drain diffusion regions in
the surface of the semiconductor substrate.

A good understanding of the matching behavior of com-
ponents available in a particular IC technology is critical in
designing ICs. With the advancements in technology leading
to smaller feature sizes and more stringent design constraints,
device mismatch considerations are becoming increasingly
important. Thus, as semiconductor feature size decreases,
statistical variations in circuitry characteristics, caused by
statistical variations in semiconductor processes can become
increasingly severe. An accurate model of current mismatch
is an integral part of any computer aided design (CAD) envi-
ronment as it enables a designer to make high-level design
trade-offs, such as area of transistor versus current mismatch,
etc., at an early stage of a design cycle. Such models also
allow the designer to accurately predict circuit yield and/or
improve that yield.

Current mismatch in a certain component can generally be
defined as a variation in the value of identically designed
components. Some of the causes of current mismatch are
edge effects, implantation and surface state charges, oxide
effects, mobility effects, poly density gradient effects, etc.
Even though the importance of current matching is widely
recognized in the industry there remains a need to provide a
tool or model based on silicon to predict the impact of poly
density gradient effects on MOS arrays

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
can be arbitrarily increased or reduced for clarity of discus-
sion.

FIG. 1is an illustration of an exemplary metal oxide semi-
conductor array having sixty four cells.

FIG. 2 is an illustration of the array of FIG. 1 providing
standard deviations for certain rows and columns of cells in
the array.

FIG. 3 is an illustration of an array having non-uniform
poly density gradient effects.

FIG. 4 is a schematic drawing illustrating an exemplary
network system.

FIG. 5 is a block diagram of some embodiments according
to the present disclosure.

FIG. 6 is a block diagram of various embodiments accord-
ing to the present disclosure.

DETAILED DESCRIPTION

It is understood that the following disclosure provides
many different embodiments or examples for implementing

20

25

30

35

40

45

50

55

60

65

2

different features of various embodiments. Specific examples
of components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. The present
disclosure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

Terms used herein are only used to describe the specific
embodiments, which are not used to limit the claims
appended herewith. For example, unless limited otherwise,
the term “one” or “the” of the single form may also represent
the plural form. The terms such as “first” and “second” are
used for describing various devices, areas and layers, etc.,
though such terms are only used for distinguishing one
device, one area or one layer from another device, another
area or another layer. Therefore, the first area can also be
referred to as the second area without departing from the spirit
of the claimed subject matter, and the others are deduced by
analogy. Moreover, space orientation terms such as “under”,
“on”, “up”, “down”, etc. are used to describe a relationship
between a device or a characteristic and another device or
another characteristic in the drawing. It should be noted that
the space orientation term can cover different orientations of
the device besides the orientation of the device illustrated in
the drawing.

Various embodiments of the present disclosure provide an
analytical tool to predict current mismatch of cells in a metal
oxide semiconductor (MOS) array due to poly density gradi-
ent or other similar effects. For example, some embodiments
provide a method to predict the impact of poly density gradi-
ent effects on a large MOS array resulting in an acceptable
first order approximation of variations in the array. Other
embodiments of the present disclosure provide a modeling
method that requires a reduced silicon area for characteriza-
tion and/or measurement points in an exemplary array.

It generally is impractical to prototype ICs before the
manufacture thereof. Further, the high costs of photolitho-
graphic masks and other manufacturing prerequisites make it
essential to design an IC to be as close to perfect as possible
before the IC is built. Simulations of an IC with a Simulation
Program with Integrated Circuit Emphasis (SPICE) is a con-
ventional methodology to verify circuit operation at the tran-
sistor level before committing to manufacturing an IC. Cer-
tain MOS technology nodes, however, are subject to a number
of variation effects. For example, 45 nm technology (N45) is
subject to random dopant fluctuation eftects, line-edge and
line width roughness, variations in the gate dielectric, pattern-
ing proximity effects, variations associated with poly grains,
and the like. 28 nm technology (N28) and 20 nm technology
(N20) are also subject to a number of variation effects includ-
ing the influence of surrounding poly density gradient effects
on device behavior. Conventional SPICE methodologies,
however, do not accurately predict the effect of certain com-
ponent variations of IC performance including, but not lim-
ited to, these poly density gradient effects. For example, poly
density gradients in adjacent regions (e.g., cells) of an array
can cause unequal chemical mechanical planarization or pol-
ishing (CMP) polish rates on respective metal gates in the
array or have non-uniform rapid thermal annealing (RTA).
This, in turn, can influence device properties such as, but not
limited to, device mobility and threshold voltage.

Through empirical analysis, it has been observed that cells
in a large MOS array exhibit different variation behaviors
when compared to the reference cell thereby affecting the
linearity performance of typical analog circuits, e.g., current
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steering digital-to-analog converter (DAC). For example,
based upon analyses of silicon data, poly density gradient
effects contribute significantly to current mismatch at the
corners of an array in a continuous and declining function as
it relates to the interior sections thereof.

Using such a relationship, it was found that variation of a
cell in an exemplary array can thus be represented by the
following relationship:

2 2
O ~OE + 03 poin + T pon (n

where o, represents the standard deviation of a local variation
defined by SPICE models caused by random dopant fluctua-
tion in channels and halo implants, work function variations
due to grain orientation, process variation effects, etc., and

where 0, *+0, 7 represents the variation induced due

to poly deﬁos'dinty glfaiéoi'gnt effects in the x and y directions.
FIG. 1 is an illustration of an exemplary MOS array 110
having sixty four cells 112. FIG. 2 is an illustration of the
MOS array of F1G. 1 providing standard deviations for certain
rows and columns of cells in the array. With reference to FI1G.
1, the MOS array 110 is an eight-by-eight array having sixty
four cells 112 with cell numbers C1 to C64. Any of the center
cells, C28,C29,C36 and C37 can bereference cells; however,
in the depicted embodiment, cell C28 provides reference
input current for the array. Of course, embodiments of the
present disclosure should not be so limited as larger or smaller
arrays can be appropriately modeled. For example, in other
embodiments of the present disclosure a 100 pmx100 um
array or a 300 pm by 300 um array, to name a few, can be
appropriately modeled. Through empirical analysis, it was
observed that the poly density gradient effect has a profound
effect on silicon data. For example, selecting the fourth row
starting from cell C25, it was observed that the variations
caused by poly density gradient effects in the X-direction, i.e.,
from cell C25 to C26 to C27, gradually decreases as illus-
trated in FIG. 2. The same was also observed for the Y-direc-
tion, i.e., from, for example, cell C60 to C52 to C44. These
variations in standard deviation from the reference current
cell C28 can be modeled as a continuous function as illustra-
tively depicted by the parabolas 114, 116 in FIG. 1. It should
be noted that, in some embodiments of the present disclosure,
for cells specifically in the measured rows (C25, C33, ...,
C32, C40) and columns (C4, C5, ..., C60, C61) (i.e., central
rows and columns of the array), the effect of only one varia-
tion, either due to the X-poly density gradient or the Y-poly
density gradient is observed. For example, it was observed in
rows R4 and RS that there is no poly density gradient effect
due to the Y-direction, and for columns C4 and CS5, no poly
density gradient effect was observed due to the X-direction.
As analysis of silicon data has illustrated a declining and
continuous function from the edge of the array to the center
for the poly density gradient in both the X-direction and
Y-direction, distribution of current in a plurality of cell blocks
220 can be expressed as a function of standard deviations
measured for the cells in rows R4 and R5 and in columns C4
and C5 depicted in FIG. 2. It follows that, based on first order
approximations, the difference in mismatch or variation
between cell A in R4 and cell B in RS can be represented as:
0,/ -05%~0;>

@

resulting in the typically defined local variation ©,?, by
SPICE modeling. Accounting for mismatch in current due to
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4

poly density gradient effect in the X-direction for column 1
results in the relationship for cell A with respect to the refer-
ence cell of:

17 +0

2 2
0 -0x"~0,

®
Similar relationships can be determined for mismatch in cur-
rent due to poly density gradient effect in the X-direction for
the other columns (e.g., 0,2, 0,,°, etc.) and cells in similar
fashion, as needed.

Accounting for mismatch in current due to poly density
gradient effect in the Y-direction for row 1 results in the
relationship for any cell C with respect to the reference cell of:

2 2 2 2
O —Og ~0,,“+0;,

*
Similar relationships can be determined for mismatch in cur-
rent due to poly density gradient effect in the Y-direction for
the other rows (e.g., Gyzz, 0y32, etc.) and cells in similar
fashion, as needed. Using relationships (1), (2), (3) and (4)
above, it follows that the variables representing, for example,
o, and Gylz, can be determined using the standard devia-
tions of each cell with regard to the reference cell and the
SPICE defined o, .

Hence, for cell C1 in FIG. 1 the mismatch or variation
between cell C1 and the reference cell can be represented as:

0,2-0g>~0%+0, 2 +0,, 2

®
and for cell C19 in FIG. 1 the mismatch or variation between
cell C 19 and reference cell can be represented as:

Q)

Similar relationships can be determined for current mis-
match for each cell in an exemplary array. In various embodi-
ments of the present disclosure, co-variances can be added in
the case where the X and Y-direction gradients are correlated.
Thus, measurements of current mismatch are not required at
each and every point in exemplary arrays. Rather than mea-
suring each and every cell, current can be measured and
variations determined for the centrally located cells in the
array, e.g., rows 4 and 5 and columns 4 and 5, and mismatch
for any cell in the array predicted as a function of these
measurements. Thus, exemplary models according to
embodiments of the present disclosure can characterize the
entire variation of an array using measurements of central
rows and columns. Exemplary embodiments of the present
disclosure can also reduce the amount of silicon utilized for
respective modeling as silicon in only the respective mea-
sured columns need be deposited or taped out rather than the
entire array.

Invarious embodiments of the present disclosure, an exem-
plary method can include measuring the current of each cell in
an nxm array of central rows R, and R, ,,, and central
columns C, »y and C,,», . Of course, additional rows and/
or columns (e.g., more than the previously described two
central rows and columns) can be measured and such an
example should not limit the scope of the claims appended
herewith. For example, in larger arrays, more than two central
rows and columns can be measured to provide additional
accuracy in the modeling of the variation for cells in the
respective array. In additional embodiments of the present
disclosure, the measurements in adjacent rows and/or col-
umns can be averaged. Subsequent to such measurements, the
standard deviation of each cell with respect to a reference cell
can be determined. The variation induced due to poly density
gradient effects in the x and y directions, 0,2, ..., 0,,* and
Gylz, ..., 0,,> should then be determined using these

ym >

2 2 2 2 2
019" —Og ~0L +0,3"+0,3
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standard deviation values and the local variation defined by
SPICE models:

2 _ ~ 7
ey~ ofz) 0L @
oty ~hech e ®

Thus, to obtain the variation for any cell at a position in an
nxm array, the following relationship can be employed:

2 2 2
07~0,,°+0,,°+0;,

©

In the event that poly density gradient effects are not uni-
form in each direction as depicted in FIG. 3, additional
embodiments of the present disclosure can determine the
variations as described below. With reference to FIG. 3, if
designer desires to determine the variation in current mis-
match for every element contained in Block 1, then the
designer can determine the variations for 0x1,19ﬁ2 and
0y17t0p2 using the relationships above. Similarly, to deter-
mine the variation in current mismatch for every element
contained in Block 2, one would determine the variations for
o > and o 2. 1t follows that current mismatch in

x1_right vl_top
Block 1~(0,,_;,4: O,,_,,)s Block 2~1(0,_,,.5.,» O, ), Block
3~ (Oy_sesi> O,_por)> and Block 4~1 (0,05 O, 40,)- Thus,

based upon the position of the block with regard to the mea-
sured currents, numerous combinations of variations can be
employed to determine current mismatch of cells in an array
having non uniform poly density gradient effects.

Embodiments of the present disclosure can thus provide a
method of predicting device behaviors for a plurality of cells
in an array through an accurate measurement of standard
deviations for central rows and columns in the array leading to
an approximate reduction in current measurement times of
fifty percent. As poly density gradient behavior varies with
each technology node (e.g., N16, N20, N28), thorough char-
acterization of this behavior is required for proper analog
circuit design. Hence, a reduction in silicon area of approxi-
mately forty percent can be encountered when characterizing
this effect using this method as only central rows and columns
are required to be put on silicon. Furthermore, analytical
methods according to embodiments of the present disclosure
provide rapid approximations for current mismatch to an
analog designer through the quantification of the maximum
impact to all elements in an array using relatively few mea-
surements and lower silicon areas. Additional embodiments
of the present disclosure can utilize or incorporate the fore-
going methodology as a part of a SPICE macro-model.

It is thus an aspect of various embodiments of the present
disclosure to provide a method for a designer to predict cur-
rent mismatch trends in large arrays and provide an analytical
model of the impact of poly density gradient effects on such
arrays. Exemplary embodiments of the present disclosure can
be utilized for large arrays over 100 umx100 pm and result in
a reduction in silicon area by approximately forty percent
when compared to conventional techniques. Hence, charac-
terization of poly density impacts for each technology nodes
can be simplified and result in a more cost effective and
efficient process.

FIG. 4 is a schematic drawing illustrating an exemplary
network system. With reference to FIG. 4, an exemplary
network system 400 can include a computer system 410
coupled with servers 430 and 440 through a communication
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network 420. In some embodiments, the computer system
410 can include a computer readable storage medium 411
encoded with computer program code. The computer system
410 can include a processor 415 electrically coupled with the
computer readable storage medium 411. The processor 415
can be configured to execute the computer program code for
designing and/or modeling ICs. The processor 415 can be a
central processing unit (CPU), a multi-processor, a distrib-
uted processing system, and/or any suitable processing unit.
In some embodiments, the processor 415 can be configured to
perform an analytical model or simulation for predicting cur-
rent mismatch in a MOS array. The processor 415 can be
further configured to generate a design layout of the IC cor-
responding to a result of the simulation.

In some embodiments, the computer readable storage
medium 411 can be an electronic, magnetic, optical, electro-
magnetic, infrared, a semiconductor system (or apparatus or
device), and/or a propagation medium. For example, the com-
puter readable storage medium 411 can include a semicon-
ductor or solid-state memory, a magnetic tape, a removable
computer diskette, a random access memory (RAM), a read-
only memory (ROM), a rigid magnetic disk, and/or an optical
disk. In some embodiments using optical disks, the computer
readable storage medium 411 can include a compact disk-
read only memory (CD-ROM), a compact disk-read/write
(CD-R/W), and/or a digital video disc (DVD). In some
embodiments, the computer program code stored in the com-
puter readable storage medium 411 can include at least one
software and/or circuit related data such as technology files,
netlists, electronic design automation (EDA) tools, simula-
tors, and/or any other software or data that are used for
designing ICs. In some embodiments, the software can be
stored in the servers 430 and 440 and accessed through the
communication network 420. For example, the computer sys-
tem 410 can be electrically coupled with the communications
network 420 through a wireless and/or wired link 425. The
communication network 420 can be, for example, a complete
network, a subnet of a local area network, a company-wide
intranet, and/or the Internet. The computer system 410 can be
identified on the communication network 420 by an address
or a combination of addresses, such as a media access control
(MAC address associated with a network interface 417 and an
interne protocol (IP) address. The network interface 417 can
be, for example, a modern, a wireless transceiver, and/or one
or more network interface cards (NICs).

In some embodiments, the computer system 410 includes a
computer readable storage medium 411 being encoded with
computer program code, and a processor 415 electrically
coupled with the computer readable storage medium411. The
processor 415 can be configured to execute the computer
program code for predicting current mismatch, characteriz-
ing a MOS array, and/or designing an IC and can be arranged
to cause the processor 415 to model a selected array or tech-
nology node. In some embodiments of the present disclosure,
the processor 415 can be configured to select a first subset of
cells from a plurality of cells in a MOS array having N rows
and M columns of cells and determine standard deviation of
measured current for each cell in the first subset of cells with
respect to current measured for a reference cell in the array. In
various embodiments, the first subset of cells includes the
center two rows and two columns of the MOS array. In other
embodiments, the first subset of cells includes additional
rows and/or columns in addition to the center two rows and
columns. The processor 415 can also be configured to deter-
mine standard deviation of local variation as a function of the
determined standard deviation of current for one or more cells
in the first subset, and the processor 415 can be configured to
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determine standard deviation of variation induced due to a
predetermined variation effect in a first direction as a function
ofthe determined standard deviation oflocal variation and the
determined standard deviation of current for one or more cells
in the first subset. In some embodiments, the predetermined
variation effect is poly density gradient effect and can be
substantially uniform or non-uniform in nature over the array.
In additional embodiments of the present disclosure, the pro-
cessor 415 can be configured to determine standard deviation
of'variation induced due to a predetermined variation effect in
a second direction as a function of the determined standard
deviation of local variation and the determined standard
deviation of current for one or more cells in the first subset. In
other embodiments of the present disclosure, the processor
415 is further configured to predict current mismatch in a
second subset of cells, the second subset comprising one or
more cells each mutually exclusive of the first subset of cells.
This exemplary system can be used in a SPICE macro-model
for the simulation of a MOS array.

FIG. 5 is a block diagram of some embodiments according
to the present disclosure. With reference to FIG. 5, a method
500 of designing an IC is provided. The method 500 includes,
at step 510, modeling a MOS array having a plurality of rows
and columns defining a set of cells. At step 520, depositing
silicon on a first subset of cells of the set, and at step 530
current is measured for each cell in the first subset of cells. In
some embodiments, the first subset of cells includes the cen-
ter two rows and two columns of the MOS array. In other
embodiments, the first subset of cells includes additional
rows and/or columns in addition to the center two rows and
columns. At step 540 standard deviation of current for each
cell in the first subset of cells is determined with respect to
current of a reference cell in the array. Standard deviation of
local variation can then be determined as a function of the
determined standard deviation of current for one or more cells
in the first subset at step 550. At step 560, standard deviation
of'variation induced due to a predetermined variation effect in
a first direction can be determined as a function of the deter-
mined standard deviation of local variation and the deter-
mined standard deviation of current for one or more cells in
the first subset. At step 570, standard deviation of variation
induced due to a predetermined variation effect in a second
direction can be determined as a function of the determined
standard deviation of local variation and the determined stan-
dard deviation of current for one or more cells in the first
subset. At step 580, a second subset of cells of the set can be
characterized as a function of the determined standard devia-
tion of variation induced due to a predetermined variation
effect in the first direction and/or second direction, the second
subset comprising one or more cells each mutually exclusive
of the first subset of cells. In some embodiments, the prede-
termined variation effect is poly density gradient effect and
can be substantially uniform or non-uniform in nature over
the array. In various embodiments, the method 500 comprises
predicting current mismatch in a second subset of cells of the
set whereby the second subset includes one or more cells each
mutually exclusive of the first subset of cells. In other
embodiments, the method includes averaging the determined
standard deviation of current for each cell in the first subset of
cells, wherein the standard deviation of variation induced due
to a predetermined variation effect in a first direction is deter-
mined as a function of this averaged determined standard
deviation.

FIG. 6 is a block diagram of various embodiments accord-
ing to the present disclosure. With reference to FIG. 6, a
method 600 of predicting current mismatch in a MOS array is
provided. The method 600 includes, at step 610, providing a
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MOS array having a plurality of rows and columns defining a
set of cells. At step 620, a first subset of cells of the set can be
selected, and at step 630 current is measured for each cell in
the first subset of cells. In some embodiments, the first subset
of cells includes the center two rows and two columns of the
MOS array. In other embodiments, the first subset of cells
includes additional rows and/or columns in addition to the
center two rows and columns. At step 640 standard deviation
of current for each cell in the first subset of cells is determined
with respect to current of a reference cell in the array. Stan-
dard deviation of local variation can then be determined as a
function of the determined standard deviation of current for
one or more cells in the first subset at step 650. At step 660,
standard deviation of variation induced due to a predeter-
mined variation effect in a first direction can be determined as
a function of the determined standard deviation of local varia-
tion and the determined standard deviation of current for one
or more cells in the first subset. At step 670, standard devia-
tion of variation induced due to a predetermined variation
effect in a second direction can be determined as a function of
the determined standard deviation of local variation and the
determined standard deviation of current for one or more cells
in the first subset. In some embodiments, this predetermined
variation effect is poly density gradient effect and can be
substantially uniform or non-uniform in nature over the array.
At step 680, current mismatch can be predicted in a second
subset of cells of the set as a function of the determined
standard deviation of variation induced due to a predeter-
mined variation effect in a first direction and/or a second
direction whereby the second subset includes one or more
cells each mutually exclusive of the first subset of cells. In
other embodiments, the method includes averaging the deter-
mined standard deviation of current for each cell in the first
subset of cells, where the standard deviation of variation
induced due to a predetermined variation effect in a first
direction is determined as a function of this averaged deter-
mined standard deviation. Of course, this exemplary method
can be used in a SPICE macro-model for the simulation of a
MOS array.

Embodiments of the present disclosure and the functional
operations described herein can be implemented in digital
electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specifica-
tion and their structural equivalents, or in combinations of one
or more of them. Embodiments of the disclosure described
herein can be implemented as one or more computer program
products, i.e., one or more modules of computer program
instructions encoded on a tangible program carrier for execu-
tion by, or to control the operation of, data processing appa-
ratus. The tangible program carrier can be a computer read-
able medium. The computer readable medium can be a
machine-readable storage device, a machine-readable stor-
age substrate, a memory device, or a combination of one or
more of them.

The term “processor” encompasses all apparatus, devices,
and machines for processing data, including by way of
example a programmable processor, a computer, or multiple
processors or computers. The processor can include, in addi-
tion to hardware, code that creates an execution environment
for the computer program in question, e.g., code that consti-
tutes processor firmware, a protocol stack, a database man-
agement system, an operating system, or a combination of
one or more of them.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or inter-
preted languages, or declarative or procedural languages, and
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it can be deployed in any form, including as a standalone
program or as a module, component, subroutine, or other unit
suitable for use in a computing environment. A computer
program does not necessarily correspond to a file in a file
system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

The processes and logic flows described herein can be
performed by one or more programmable processors execut-
ing one or more computer programs to perform functions by
operating on input data and generating output. The processes
and logic flows can also be performed by, and apparatus can
also be implemented as, special purpose logic circuitry, e.g.,
an FPGA (field programmable gate array) or an ASIC (appli-
cation specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and one
or more data memory devices for storing instructions and
data. Generally, a computer will also include, or be opera-
tively coupled to receive data from or transfer data to, or both,
one or more mass storage devices for storing data, e.g., mag-
netic, magneto optical disks, or optical disks. However, a
computer need not have such devices. Moreover, a computer
can be embedded in another device, e.g., a mobile telephone,
a personal digital assistant (PDA), to name just a few.

Computer readable media suitable for storing computer
program instructions and data include all forms data memory
including nonvolatile memory, media and memory devices,
including by way of example semiconductor memory
devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.g., internal hard disks or removable disks;
magneto optical disks; and CD ROM and DVD-ROM disks.
The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

To provide for interaction with a user, embodiments of the
present disclosure can be implemented on a computer having
a display device, e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display ) monitor, for displaying information to
a user and a keyboard and a pointing device, e.g., a mouse or
a trackball, by which the user can provide input to the com-
puter. Other kinds of devices can be used to provide for
interaction with a user as well; for example, input from the
user can be received in any form, including acoustic, speech,
or tactile input.

Embodiments of the present disclosure can be imple-
mented in a computing system that includes a back end com-
ponent, e.g., as a data server, or that includes a middleware
component, e.g., an application server, or that includes a front
end component, e.g., a client computer having a graphical
user interface or a Web browser through which a user can
interact with an implementation of the disclosure described
herein, or any combination of one or more such back end,
middleware, or front end components. The components of the
system can be interconnected by any form or medium of
digital data communication, e.g., a communication network.
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Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN”), e.g., the
Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

While this description may contain many specifics, these
should not be construed as limitations on the scope thereof,
but rather as descriptions of features that may be specific to
particular embodiments. Certain features that have been here-
tofore described in the context of separate embodiments can
also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context
of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination.
Moreover, although features are described above as acting in
certain combinations and can even be initially claimed as
such, one or more features from a claimed combination can in
some cases be excised from the combination, and the claimed
combination can be directed to a subcombination or variation
of a subcombination.

Similarly, while operations are depicted in the drawings or
figures in a particular order, this should not be understood as
requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results. In cer-
tain circumstances, multitasking and parallel processing can
be advantageous. Moreover, the separation of various system
components in the embodiments described above should not
be understood as requiring such separation in all embodi-
ments, and it should be understood that the described program
components and systems can generally be integrated together
in a single software product or packaged into multiple soft-
ware products.

It can be emphasized that the above-described embodi-
ments, particularly any “preferred” embodiments, are merely
possible examples of implementations, merely set forth for a
clear understanding of the principles of the disclosure. Many
variations and modifications can be made to the above-de-
scribed embodiments of the disclosure without departing sub-
stantially from the spirit and principles of the disclosure. All
such modifications and variations are intended to be included
herein within the scope of this disclosure and the present
disclosure and protected by the following claims.

Further, the foregoing has outlined features of several
embodiments so that those skilled in the art can better under-
stand the detailed description that follows. Those skilled in
the art should appreciate that they can readily use the present
disclosure as a basis for designing or modifying other pro-
cesses and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they can
make various changes, substitutions and alterations herein
without departing from the spirit and scope of the present
disclosure.

As shown by the various configurations and embodiments
illustrated in FIGS. 1-6, various analytical models for pre-
dicting current mismatch in metal oxide semiconductor
arrays have been described.

While preferred embodiments of the present disclosure
have been described, it is to be understood that the embodi-
ments described are illustrative only and that the scope of the
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invention is to be defined solely by the appended claims when
accorded a full range of equivalence, many variations and
modifications naturally occurring to those of skill in the art
from a perusal hereof.

We claim:

1. A method of characterizing a metal oxide semiconductor
(MOS) array comprising the steps of:

modeling a metal oxide semiconductor (MOS) array hav-

ing a plurality of rows and columns defining a set of
cells;

forming a first subset of cells of the set on a substrate;

measuring current for each cell in the first subset of cells;

determining standard deviation of current for each cell in
the first subset of cells with respect to current of a ref-
erence cell in the array;

determining standard deviation of local variation as a func-

tion of the determined standard deviation of current for
one or more cells in the first subset;
determining standard deviation of variation induced due to
a poly density gradient effect in a first direction as a
function of the determined standard deviation of local
variation and the determined standard deviation of cur-
rent for one or more cells in the first subset; and

determining standard deviation of variation induced due to
a poly density gradient effect in a second direction as a
function of the determined standard deviation of local
variation and the determined standard deviation of cur-
rent for one or more cells in the first subset; and

performing computations in a processor to characterize a

second subset of cells of the set as a function of the
determined standard deviation of variation induced due
to a poly density gradient effect in the first direction
and/or second direction, the second subset comprising
one or more cells each mutually exclusive of the first
subset of cells.

2. The method of claim 1, wherein the poly density gradient
effect is non-uniform over the array.

3. The method of claim 1 wherein the step of characterizing
further comprises predicting current mismatch in the second
subset of cells of the set.

4. The method of claim 1 wherein the first subset of cells
comprises a union of cells located in the center two rows of
the MOS array, and cells located within the center two col-
umns of the MOS array.

5. The method of claim 4, wherein the step of measuring
only includes measuring current in the union of the cells in the
center row and the cells in the center column.

6. The method of claim 5, wherein the step of computing
includes computing a mismatch in current for each remaining
cell of the MOS array outside of the center two rows and
outside of the center two columns of the MOS array.

7. The method of claim 5, wherein the step of computing
includes computing a mismatch in current due to the poly
density gradient effect, and the poly density gradient eftect is
notuniform in one of the group consisting of the first direction
and the second direction.

8. The method of claim 1 further comprising the step of
averaging the determined standard deviation of current for
each cell in the first subset of cells, wherein the standard
deviation of variation induced due to a poly density gradient
effect in a first direction is determined as a function of this
averaged determined standard deviation.

9. A method of predicting current mismatch in a metal
oxide semiconductor array comprising the steps of:

providing a metal oxide semiconductor (MOS) array hav-

ing a plurality of rows and columns defining a set of
cells;
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selecting a first subset of cells of the set;

measuring current for each cell in the first subset of cells;

determining standard deviation of current for each cell in

the first subset of cells with respect to current of a ref-
erence cell in the array;

determining standard deviation of local variation as a func-

tion of the determined standard deviation of current for
one or more cells in the first subset;
determining standard deviation of variation induced due to
a poly density gradient effect in a first direction as a
function of the determined standard deviation of local
variation and the determined standard deviation of cur-
rent for one or more cells in the first subset;

determining standard deviation of variation induced due to
a poly density gradient effect in a second direction as a
function of the determined standard deviation of local
variation and the determined standard deviation of cur-
rent for one or more cells in the first subset; and

performing computations in a processor to predict current
mismatch in a second subset of cells of the set as a
function of the determined standard deviation of varia-
tion induced due to a poly density gradient effect in the
first direction and/or second direction, the second subset
comprising one or more cells each mutually exclusive of
the first subset of cells.

10. The method of claim 9, wherein the poly density gra-
dient effect is non-uniform over the array.

11. The method of claim 9 wherein the first subset of cells
comprises a union of cells located within the center two rows
of the MOS array, and cells located within the center two
columns of the MOS array.

12. The method of claim 11 wherein the first subset of cells
comprises additional rows and columns of the MOS array.

13. The method of claim 9 further comprising the step of
averaging the determined standard deviation of current for
each cell in the first subset of cells, wherein the standard
deviation of variation induced due to a poly density gradient
effect in a first direction is determined as a function of this
averaged determined standard deviation.

14. The method of claim 9 used in a Simulation Program
with Integrated Circuit Emphasis (SPICE) macro-model for
the simulation of a MOS array.

15. A computer system comprising:

a non-transitory computer readable storage medium being

encoded with computer program code; and
a processor electrically coupled with the computer read-
able storage medium, the processor being configured to
execute the computer program code for characterizing a
metal oxide semiconductor (MOS) array, the computer
program code being arranged to cause the processor to:

select a first subset of cells from a plurality of cells in the
MOS array having N rows and M columns of cells;

determine standard deviation of measured current for each
cell in the first subset of cells with respect to current
measured for a reference cell in the array;

determine standard deviation of local variation as a func-

tion of the determined standard deviation of current for

one or more cells in the first subset; and

determine standard deviation of variation induced due to
a poly density gradient effect in a first direction as a
function of the determined standard deviation of local
variation and the determined standard deviation of
current for one or more cells in the first subset.

16. The system of claim 15 wherein the poly density gra-
dient effect is non-uniform over the array.

17. The system of claim 15 wherein the processor is further
configured to determine standard deviation of variation
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induced due to a poly density gradient effect in a second
direction as a function of the determined standard deviation of
local variation and the determined standard deviation of cur-
rent for one or more cells in the first subset.

18. The system of claim 15 wherein the processor is further
configured to predict current mismatch in a second subset of
cells, the second subset comprising one or more cells each
mutually exclusive of the first subset of cells.

19. The system of claim 15 wherein the first subset of cells
comprises a union of cells located within the center two rows
of the MOS array, and cells located within the center two
columns of the MOS array.

20. The system of claim 15 used in a Simulation Program
with Integrated Circuit Emphasis (SPICE) macro-model for
the simulation of a MOS array.
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