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SYSTEMAND METHOD FOR 
IMPROVEMENT OF ALIGNMENT AND 
OVERLAY FOR MICROLITHOGRAPHY 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

The present patent application claims priority to U.S. pro 
visional patent application No. 60/576,570 entitled SYSTEM 
AND METHOD FOR IMPROVEMENT OF ALIGNMENT 
AND OVERLAY FOR MICROLITHOGRAPHY, filed Jun. 
3, 2004 and having Sidlgata V. Sreenivasan, Anshuman 
Cherala and Kranthi M. Adusumilli listed as inventors. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

The U.S. Government has a paid-up license in this inven 
tion and the right in limited circumstances to require the 
patent owner to license others on reasonable terms as pro 
vided for by the terms of N66001-01-1-8964 awarded by the 
Defense Advanced Research Projects Agency (DARPA). 

BACKGROUND OF THE INVENTION 

The present invention relates generally to microlithogra 
phy. More particularly, the present invention is directed 
towards improving alignment and overlay during the pattern 
ing of Substrates. 

Microlithography is used in the formation of integrated 
circuits which may require transfer of multiple layers of pat 
terns onto a substrate, Superimposed upon on another. As a 
result, transfer of patterns onto Substrates is an important 
process in the fabrication of integrated circuits. Pattern trans 
fer techniques are also used in optical technology, biotech 
nology, and the like. A common technique for patterning of 
Substrates is an optical lithography process known as photo 
lithography. An original pattern, referred to as a master pat 
tern, is stored on photomasks. Photomasks are typically fused 
silica plates with a pattern recorded therein employing a 
high-precision laser or an electronbeam. Photomask patterns 
are transferred onto a photo-sensitive resist material coated 
on top of the Substrate undergoing processing. The Substrate 
is then etched and the transferred patterns are used to control 
the etch process So that a desired pattern may be created in the 
Substrate. A differing patterning process, in which the topog 
raphy of a mold defines the pattern transferred onto a sub 
strate, is known as imprint lithography. 

In either of the aforementioned patterning processes the 
dimension of the smallest feature in the pattern, called the 
critical dimension (CD) may be maintained to within 10 nm. 
As a result, a Successful transfer of a pattern onto the Substrate 
requires precise positioning with respect to the features of an 
existing pattern on the Substrate. A general rule of thumb 
states that for a pattern layer to be functional, every point on 
the pattern must be aligned to every point on the underlying 
pattern to within /3' of the CD in the pattern. Overlay 
requirements for various technology nodes are available from 
International Technology Roadmap for Semiconductors, at 
http://public.itrs.net. The process by which to properly posi 
tion the transferred patterns is referred to as alignment. By 
achieving proper alignment, desired pattern overlay is 
achieved. Specifically, alignment accuracy is measured at the 
position of a few alignment marks. This accuracy is a measure 
of the precision in the patterning tools alignment system. 

Overlay accuracy, which is a measure of the alignment of 
each point in the pattern, is measured everywhere in a field to 
be patterned in addition to the location of the alignment 
marks. As a result, overlay information may include error 
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2 
information in addition to the error information associated 
with alignment information. For example, overlay error may 
result from lens distortions, chuck-induced wafer distortion, 
and image placement errors on the mask/mold, referred to 
collectively as pattern device, which may cause significant 
overlay errors, despite accurate alignment. These errors may 
result in distortions in transferred patterns that may substan 
tially reduce production yield. Pattern to pattern overlay 
errors are typically quantified by measuring the alignment 
over a grid of points in a field. Prior art attempts have been 
made to attenuate alignment errors at the site of the alignment 
marks. 

In U.S. Pat. No. 6,847,433 to White et al. disclose a 
deformable holder, system, and process where long range 
errors (any of lithography, metrology, or overlay errors) 
between the image of a mask and an existing pattern on a 
wafer from a number of potential sources are corrected. The 
long range errors are determined using either a through-the 
lens alignment metrology system or an around-the-lens 
metrology system. Deformation values are determined to 
compensate for the long range errors. The deformation values 
are determined by either Solving simultaneous equations or 
by finite-element linear-stress-analysis (FEA). The mask or 
wafer is then distorted, in-plane, by an amount related to the 
determined deformation values using an actuator Such a 
piezoelectric ceramic to push or pull the mask or wafer to 
Substantially realign the projected image of the mask and the 
existing pattern on the wafer. This approach guarantees align 
ment at the site of the alignment marks and not necessarily 
overlay over the entire field. Another drawback with this and 
other prior art attempts at minimizing pattern distortions con 
cerns the computational requirements to determine deforma 
tion values, especially if these types of corrections are to be 
done real-time with time constraints. Typically, determina 
tion of deformation values requires a great amount of com 
putational power that may increase the cost of a system and is 
often inaccurate. 
What is needed, therefore, is an improved system and 

technique to correct alignment and overlay errors and to 
compute deformation values. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and system 
that features determining deformation parameters that a pat 
terned device would undergo to minimize dimensional varia 
tions between a recorded pattern thereon and a reference 
pattern. To that end, the method includes comparing spatial 
variation between features of said recorded pattern with 
respect to corresponding features of said reference pattern; 
and determining deformation forces to apply to said patterned 
device to attenuate said dimensional variations, with said 
forces having predetermined constraints. The system carries 
out the function of the method. These and other embodiments 
are discussed more fully below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified view of a lithographic system in 
accordance with the present invention; 

FIG. 2 is a simplified plan view of a holder for a patterned 
device, both shown in FIG. 1, in accordance with the present 
invention; and 

FIG.3 is a simplified plan view showing distortion vectors 
determined in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 depicts a lithographic system 10 in accordance with 
one embodiment of the present invention that includes a stage 
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12 having a Support 16. A Substrate 14 is disposed upon 
Support 16, e.g. a pedestal or a chuck. Support 16 may be 
moveably coupled with respect to a stage 18 through known 
mechanisms or may be fixedly attached thereto. Disposed 
opposite to support 12 is an image generation system 18. 
Image generation system 18 may be any known in the art, 
including a photolithographic Such as included in a stepper, 
such as the MA300Plus available from Suss Microtec of 
Munich Germany, or an imprint lithographic patterning sys 
tem, such as included in the ImprioTM 250 sold by Molecular 
Imprints, Inc. of Austin, TeX. Image generation system 18 
includes a patterned device 20 having an original pattern 
formed therein that is the basis of the pattern to be formed on 
Substrate 14, as well as, a source of actinic energy and optical 
Subsystems required to pass the actinic energy through pat 
terned device 20 and impinge upon Substrate 14, shown gen 
erally as optical components 22. In a photolithographic sys 
tem, patterned device 20 is typically a mask. In an imprint 
lithographic system patterned device 20 is a patterned region 
of a template, typically referred to as a mold. 

Referring to FIGS. 1 and 2, surrounding device 20 is an 
actuator system 24 to facilitate alignment and overlay regis 
tration. To that end, system 10 includes a plurality of actuators 
26 coupled between a frame 28 and patterned device 20, 
which in the present embodiment is a fused-silica template 
having integrally formed thereina mold 30, which is typically 
associated with imprint lithography. Mold 30 may have fea 
tures thereon, e.g., recesses and protrusions, or may be Sub 
stantially featureless so as to define a Substantially smooth, if 
not planar, Surface. Each of actuators 26 are arranged to 
facilitate generation of a force on one of the four sides 32, 34, 
36 and 38 of patterned device 20. The plurality of actuators 26 
are arranged so that an equal number are present on opposing 
sides. Specifically, it is desired that actuators 26 are arranged 
in pairs disposed on opposing sides of patterned device 20, 
with each actuator 26 of a pair being disposed opposite to the 
remaining actuator 26 of the pair of actuators 26. Operation of 
actuators 26, as well as pattern generation system 18, pedestal 
16 and stage 12, is achieved under control of a processor 40 
that is in electrical communication therewith. To that end, a 
control program is stored in a memory 42 as computer read 
able code. Memory 42 is in data communication with proces 
sor 40 so that the control program may be operated on by the 
processor 40 to generate control signals that are transmitted to 
actuators 26. 

Referring to FIGS. 1 and 2, system 24 facilitates alignment 
and overlay registration by selectively deforming patterned 
device 20. This facilitates correcting various parameters of 
the pattern shape, i.e., magnification characteristics, skew/ 
orthogonality characteristics, and trapezoidal characteristics. 
Magnification characteristics may be magnification error, 
Such as where the overall pattern changes from a square shape 
to a rectangular shape. Skewforthogonality characteristics 
may be skewforthogonality error where adjacent edges form 
an oblique or obtuse angle with respect to one another instead 
of an orthogonal angle. Trapezoidal characteristics may be 
trapezoidal error where as in where a square/rectangular 
assumes the shape of a trapezium, with trapezium being 
defined in accordance with the United States/American defi 
nition and including a trapezoid. To control the pattern shape, 
patterned device 20 may be selectively deformed by actuators 
26 to minimize, if not cancel, the distortions present, thereby 
reducing overlay errors. To that end, patterned device 20 is 
inspected employing known image placement or image reg 
istration systems, e.g., LMS IPRO3 available from Leica 
Microsystems of Bannockburn, Ill. Measured information 44 
concerning the location of the features on patterned device 20 
would be mapped into memory 42. The features that mea 
Sured information 44 represents are reference marks present 
on patterned device 20 to facilitate overlay and alignment 
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4 
techniques. The features may include any known alignment 
mark, Such as box-in-box, cross-in-cross and/or Vernier scale 
marks, referred to as overlay features. The overlay features 
are usually positioned at differing regions of patterned device 
20 as room permits and are arranged in a polygonal, if not 
rectangular grid. 

Loaded into memory 42 would be reference information 46 
against which measured information 44 would be compared. 
Reference information 46 would include information con 
cerning an optimal, or desired, location of overlay features 
and, therefore, the pattern on patterned devices 20. This infor 
mation may be obtained from an existing reference patterned 
device (not shown) that may be employed as a standard 
against which patterned device 20 is measured. Alternatively, 
reference information 46 may be obtained from a GDS file 
that is employed to form the pattern on patterned device 20. 
Considering that errors, or distortion, in the pattern on the 
patterned device 20 may be attributed to the writing and etch 
processes used to form patterned device 20, computer data of 
the type employed in computer aided design Software may 
provide reference information 46 with the most accurate 
reflection of the optimal pattern. Exemplary computer data is 
that employed by CATSTM software sold by Synopsis, Inc., of 
Mountain View, Calif. 

Referring to both FIGS. 2 and 3, also stored in memory 42 
is a routine 48 that facilitates comparison of measured infor 
mation 44 with reference information 46. Routine 48 includes 
X and Y positional variations between features in measured 
information 44 with respect to corresponding features in ref 
erence information 46 and generates image placement varia 
tion data shown in the following Table: 

Image Placement Variation Table 

Point X (Lm) Y (Lm) 

1 O.O -0.012 
2 O -O.OO3 
3 -OOO3 -O.OO1 
4 O.O13 -O.O13 
5 O.O16 -0.016 
6 O.018 -0.014 
7 O.O12 -0.012 
8 -OOO1 -O.OO1 
9 -0.012 -0.004 
10 -OOO1 -O.OO7 
11 O.OOS -0.014 
12 O.O09 -O.O13 
13 -0.004 -0.004 
14 -0.017 O.OOS 
15 -0.02 O.O 
16 -0.0 -O.OO2 
17 -OOO7 -O.OO8 
18 O -O.OO7 
19 -0.008 O.OO7 
2O -0.022 O.O13 
21 -0.024 O.O17 
22 -0.011 O.O12 
23 -OOOS O 
24 O.OO1 O 
25 O.O1 -O.OO1 
26 -OOO6 O.OO6 
27 -OOO6 O.O12 
28 O.OO3 O 
29 O.O12 -O.OO6 
30 O.O16 -O.OOS 
31 O.O11 -0.01 
32 O.OO2 -O.OO1 
33 -OOOS O.OO4 
34 O.O11 -O.OO3 
35 O.O16 -0.011 
36 O.019 -O.OO6 
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From the data in the image placement error table distortion 
vectors 50 are generated. Distortion vectors 50 are vectorized 
representations of the differences in spatial location of the 
overlay features associated with measured information 44 
with respect to corresponding overlay features associated 5 
with reference information 46. As a result, distortions vectors 
50 comprise data 52, mapped into memory 42, concerning a 
set of spatial locations 54 of features of the pattern on pat 
terned device 20. An exemplary distortion vector 50 gener 
ated from image placement variation data would be mapped 
into memory as a series starting with feature 1 and ending 
with feature 36 as identifying thex and y variations of each of 
the features as follows: 0.01, -0.012, 0, -0.003, ... 0.019, 
and -0.006}. 

Spatial locations 54 represent the spatial location of the 
overlay features on patterned device 20. Data 52 includes 
directional and magnitude characteristics of the differences 
between measured information 44 and reference information 
46. Specifically, data 52 includes information concerning the 
distance, along two orthogonal axes, between spatial loca 
tions 54 of each of the overlay features on patterned device 20 
with respect to spatial locations of the corresponding overlay 
feature of the optimal/desired pattern. 

Processor 40 operates on routine 48 to process data con 
cerning distortion vectors 50 and generate signals that are 
sensed by actuators 26 to selectively deform patterned device 
20 and attenuate, if not abrogate, differences between mea 
sured information 44 and reference information 46, thereby 
minimize overlay variations between the pattern on patterned 
device with respect to the optimal/desired pattern. The dis 
tance between the overlay features associated with measured 
information 44 from the corresponding overlay features asso 
ciated with reference information 46 is minimized by creating 
translational movement of spatial locations 54. To that end, 
routine 48 determines the loads to be applied by actuators 26 
in order to selectively deform patterned device 20 solving an 
inverse transform function as follows: 

10 

15 

25 
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35 

(1) 

where A represents the compliance matrix to be specified 
for patterned device 20, {f} is a one dimension matrix of 40 
elements f, referred to as a force vector, with i varies from 1 
to m, m being the number of force pairs. Elements f of force 
vector {f} are weighting coefficients from which the desired 
loads are determined. {u} represents spatial translation of 
features associated with measured information 44 must 45 
undergo in order to match the spatial location of the corre 
sponding feature in reference information 46, i.e., {u} repre 
sents an additive inverse of the distortion vectors 50. Once 
compliance matrix A is determined, force vector {f} is 
determined from equation (1). Signals are generated by pro 
cessor 40 to cause actuators 26 to apply the requisite loads to 
patterned device 20that are a function of the force vector {f}. 
In this fashion, distortions in the patterned device 20 are 
minimized, if not abrogated. 

50 

-0.0350 -0.3316 -0.6845 -0.4965 0.4924 

6 
Compliance matrix A is a function of the materials from 

which patterned device 20 is fabricated. Specifically, the 
compliance matrix A is defined, in part, by the Young's 
modulus and Poisson’s ratio associated with the material 
from which patterned device 20 is formed. In this example, 
patterned device 20 is formed from fused silica, but may also 
be formed from quartz, Sapphire, silicon, metals and the like. 
One manner in which to determine the compliance matrix A 
employs finite element analysis (FEA). To that end, an FEA 
model of patterned device 20, referred to as modeled device 
56 is generated and stored in memory 42, using any known 
modeling technique. Such as Software sold under the trade 
name Pro/EngineerTM 2001 and finite element solver software 
sold under the trade name Pro/Mechanica TM 2001. 

Employing FEA, obtained are measurements of the spatial 
displacement of each of a plurality of data points 58 of the 
modeled device 56 in response to simulated loading by actua 
tors 26. Data points 58 represent the spatial location of the 
overlay features of the pattern on modeled device 56. To 
obtain useful information, the overlay features with which 
data points 58 are associated correspond to same features of 
patterned device 20 that are associated with spatial locations 
54. In the present example, each of data points 58 is associ 
ated with one of spatial locations 54, such that each of data 
points 58 corresponds to one of spatial locations 54 that 
differs from the spatial locations 54 associated with the 
remaining data points 58. 
When determining compliance matrix A it is assumed 

that forces are applied by a pair of actuators so as to be equal 
and opposite so that force and moment equilibrium hold so 
that the following conditions are satisfied: 

(2) 

(3) 

(4) 

where, FX are forces in the X direction, Fy are forces in the Y 
direction and MZ are moments about the Z axis. For each of 
data points 58 a displacement along the X and Y axes may be 
defined as follows: 

(5) 

Where f is the magnitude of the force from actuator pairi, in 
denotes the data point and x, y, represents the movement of 
a data point in along X, Y directions in terms of millimeters/ 
Newtons in response to a unit force from pairs of actuators i. 
In the present example, n is an integer from 1 to 4 and i is an 
integer from 1 to 8. An exemplary compliance matrix A 
based upon the conditions set forth in equations 2-6 for 4 
overlay features is as follows: 

0.2550 0.2025 -0.5387 

0.4923 O.2551 O.2028 -0.5388 -0.0349 -0.3316 -0.6845 -0.4957 

0.0311 O.3313 O.6848 0.4965 0.5387 -0.2034 -0.2557 -0.4926 

0.4930 O.2550 0.2026 -0.5389 -0.4989 -0.6846 -0.3310 -0.0323 
A = 1e - 5: -0.4992 -0.6846 -0.3310 -0.0329 0.4931 0.2549 O.2025 -0.5388 

0.5385 -0.2O33 -0.2556 -0.4925 0.0313 0.3313 0.6848 0.4973 

0.4938 0.6847 0.3318 0.0333 0.5393 -0.2036 -0.2560 -0.4925 

0.5393 -0.2O34 -0.2559 0.4927 0.4941 0.6846 0.3319 O.O.338 
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Knowing compliance matrix A. routine 48 may deter 
mine the magnitude of the forces to be generated by actuators 
26 to minimize overlay error as the force vector {f}. Specifi 
cally, routine 48 solves the force vector {f} from equation (1) 
as follows: 

were A a square matrix. Were A not a square matrix. i.e. 
were the number of rows of compliance matrix A (number 
of rows=2knumber of data points) were greater than the 
number of force pairs (number of columns number of force 
pairs), equation (7) is expressed as follows: 

where A is the transpose matrix of compliance matrix A. 
It may be desired, however, to have routine 48 determine a 

force vector {f} that satisfies certain predefined constraints, 
Such as the magnitude and direction. For example, it may be 
desired to avoid tensile forces, because this may require 
implementing overlay adjustments with an undesired 
mechanical coupling, e.g., bonding of one of actuators 26 to 
patterned device 20 in order to applying tensile forces. 

In addition, it may be desirable to minimize excessive force 
that may compromise the structural integrity of patterning 
device, independent of whether tensile or compressive forces 
are employed. To that end, it is desired to have routine 48 
determine the force vector {f} with the following constraints: 

fe0; and (9) 

(10) 

wheref, are elements of the {f} vector, as discussed above. A 
positive element f by convention represents a compressive 
load on patterned device 20. Routine 48 may calculate the 
maximum force limit f from known mechanical properties 
of the material of patterning device 20. With the constraints 
shown by (9) and (10), equation (1) can be reformulated as 
follows: 

Hence the problem becomes finding a force vector {f} such 
that the error vector {e} is minimized. A is the compliance 
matrix described above. Routine 48 may minimize the error 
vector {e} over the infinity norm given by the following: 

The reason for selecting to minimize the infinity norm is that 
it is believed that the magnitude of the absolute value of 
overlay error that determines a pattern layer's usefulness. As 
mentioned above, the maximum overlay error is believed to 
be less than %" the minimum feature size of the pattern, for 
the pattern layer to be functional. Hence, Subject to con 
straints shown by equations (9) and (10), it is desired to have 
routine 48 minimize this maximum absolute error, i.e., the 
infinity norm as follows: 

Objective function (13) is convex piecewise linear in terms 
of the decision variables, i.e. forces f. A convex piecewise 
linear function is, by definition, non-linear. The domain of 
differences among the set may, therefore, include several 
local minima. It is desired to have routine 48 identify a global 
minimum, i.e., the Smallest value obtained solving equation 
13 subject to the constraints of equations (9) and (10). To that 
end, routine 48 may be required to undertake several itera 
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8 
tions with a range of trial/guess starting vectors and to imple 
ment a directional search routine. A typical iterative proce 
dure in accordance with the present invention commences 
from an initial point where a function value is calculated. The 
procedure proceeds to solutions in which the function has 
lower values. This results in routine 48 computing informa 
tion concerning the function until convergence is identified. 
Routine 48 ends the procedure at a minimum value where no 
further reduction in the functional value is identified within 
the tolerance. 
Any known iterative directional search techniques like 

Newton-Raphson Methods, Conjugate Gradient methods, 
Quasi-Newton Methods may be employed to get the optimum 
force vector {f}. One manner in which to implement these 
techniques is with Microsoft EXCEL, stored in memory 42 
and operated on by processor 40 using standard operating 
systems such as WINDOWS(R), available from Microsoft 
Corporation. The data obtained from the finite element analy 
sis, discussed above, is collated in a matrix form and entered, 
and the appropriate relationships between the matrices are 
established, e.g., in accordance with equation (1). 
One manner in which to improve the calculation of force 

vector {f} is by converting the non-linear formulation (13) 
into a linear problem. To that end, equation (11) is substituted 
into equation (13). This allows routine 48 to express equation 
(13) for the series of data 52, as follows: 

Minimize (Maximum (le, le...le)) (14) 

where, e, are the elements of error vector {e}. By routine 48 
expanding equation (14), obtained is the following: 

Minimize (Maximum el-ee-ep....e., -e) (15) 

By routine 48 substituting a variablew for (Maximume, -e, 
e -e, ... e., -e), equation (15) may be defined as follows: 

Minimize (w) (16) 

Providing the following constraints: 
ware, (17) 

(18) 

That is, routine 48 may solve non-linear equation (13) 
formulated as equation (16) with the following constraints: 

in addition to the constraints of equations (1), (9) and (10). An 
advantage with reformulating equation (13) as a linear prob 
lem is that the linear problem is likely to converge to the 
global minimum in a finite number of steps, under pseudo 
polynomial algorithms like the Simplex method. This mini 
mizes the computational power required to have routine 48 
determine the global minimum. Iterative search techniques 
can however still be used. Also, most often non-linear pro 
gramming techniques converge to the local optima, unless 
careful checks are implemented. This was noticed to happen 
when EXCEL tried to solve the non-linear problem. As a 
result, reformulated equation (13) as a linear problem facili 
tates obtaining the minimum among the set of data 52 while 
minimizing the computational power required. 
The embodiments of the present invention described above 

are exemplary. Many changes and modifications may be 
made to the disclosure recited above, while remaining within 
the scope of the invention. For example, the method described 
above is discussed with respect to attenuating, if not elimi 
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nating overlay error resulting from both image placement and 
other characteristics, such as magnification, orthogonality 
and trapezoidal errors in the case of imprint lithography. Were 
magnification, orthogonality and/or trapezoidal not present 
or corrected by other methods, for example in the case of 
optical lithography, the invention described above can be 
used to minimize the uncorrected overlay errors. The scope of 
the invention should, therefore, not be limited by the above 
description, but instead should be determined with reference 
to the appended claims along with their full scope of equiva 
lents. 

What is claimed is: 
1. A method for determining deformation parameters that a 

patterned device would undergo to minimize dimensional 
variations between a recorded pattern thereon and a reference 
pattern, said method comprising: 

comparing spatial variations between features of said 
recorded pattern with respect to corresponding features 
of said reference pattern; 

generating distortion vectors from location differences 
between said features in said recorded pattern and said 
corresponding features of said reference pattern; and 

determining directly opposing deformation force pairs 
from said distortion vectors to apply to said patterned 
device to attenuate said dimensional variations, with 
said force pairs having predetermined constraints. 

2. The method as recited inclaim 1 wherein said constraints 
include omission of tensile forces among said deformation 
force pairs. 

3. The method as recited inclaim 1 wherein said constraints 
include omission of high magnitude forces that would com 
promise a structural integrity of said patterned device. 

4. The method as recited in claim 1 wherein determining 
further includes ascertaining a constrained force vector and 
with said deformation force pairs being determined as a func 
tion of said constrained force vector. 

5. The method as recited in claim 1 wherein determining 
further includes minimizing a magnitude of a maximum 
absolute value of an overlay error. 

6. The method as recited in claim 1 wherein determining 
further includes ascertaining pairs of said deformational 
forces to apply to said patterned device further including 
applying said pairs of deformational forces to said patterned 
device with each force of said pair having the same magnitude 
and a direction, with the direction of one of said pair of forces 
being opposite to the direction associated with the remaining 
force of said pair of forces. 

7. The method as recited in claim 1 wherein comparing 
further includes comparing overlay features on said patterned 
device with respect to corresponding overlay features associ 
ated with computer data employed to write said pattern on 
said patterned device. 

8. The method as recited in claim 1 wherein determining 
further includes minimizing the magnitude of the maximum 
absolute value of overlay error and identifying a global mini 

l 

9. A method for determining deformation parameters that a 
patterned device would undergo to minimize dimensional 
variations between a recorded pattern thereon and a reference 
pattern, said method comprising: 

comparing spatial variations between features of said 
recorded pattern with respect to corresponding features 
of said reference pattern wherein determining further 
includes ascertaining compressive deformational forces 
to apply to said patterned device to attenuate said dimen 
sional variations. 

10 
10. A method for determining deformation parameters that 

a patterned device would undergo to minimize dimensional 
variations between a recorded pattern thereon and a reference 
pattern, said method comprising: 

5 comparing spatial variations between features of said 
recorded pattern with respect to corresponding features 
of said reference pattern; 

generating distortion vectors from location differences 
between said features of said recorded pattern and said 
corresponding features of said reference pattern; and 

determining directly opposing deformation force pairs 
from said distortion vectors to apply to said patterned 
device to attenuate said dimensional variations, with all 
of said deformation force pairs being compression 
forces to apply to said patterned device. 

11. The method as recited in claim 10 wherein determining 
further includes determining said deformation force pairs 
Such that all of said deformation force pairs have a magnitude 
associated therewith that is below a predetermined threshold. 

12. The method as recited in claim 10 wherein determining 
further includes minimizing the magnitude of the maximum 
absolute value of overlay error. 

13. The method as recited in claim 10 wherein determining 
further includes ascertaining pairs of said deformational 
forces to apply to said patterned device further including 
applying said pairs of deformational forces to said patterned 
device with each force of said pair having the same magnitude 
and a direction, with the direction of one of said pair of forces 
being opposite to the direction associated with the remaining 
force of said pair of forces. 

14. The method as recited in claim 10 wherein comparing 
further includes comparing overlay features on said patterned 
device with respect to corresponding overlay features associ 
ated with computer data employed to write said pattern on 
said patterned device. 

15. The method as recited in claim 10 wherein determining 
further includes minimizing the magnitude of the maximum 
absolute value of overlay error and identifying a global mini 

l 

16. A system for determining deformation parameters that 
a patterned device would undergo to minimize dimensional 
variations between a recorded pattern thereon and a reference 
pattern, said method comprising: 
means for comparing spatial variations between features of 

said recorded pattern with respect to corresponding fea 
tures of said reference pattern; 

means for generating distortion vectors from location dif 
ferences between said features of said recorded pattern 
and said corresponding features of said reference pat 
tern; and 

means for determining directly opposing deformation 
force pairs from said distortion vectors to apply to said 
patterned device to attenuate said dimensional varia 
tions, with said force pairs having predetermined con 
straints. 

17. The system as recited in claim 16 wherein means for 
determining further includes means for determining said 
deformation force pairs such that all of said deformation force 
pairs have a magnitude associated therewith that is below a 

60 predetermined threshold. 
18. The system as recited in claim 16 wherein means for 

determining further includes means for minimizing the mag 
nitude of the maximum absolute value of overlay error. 

19. The system as recited in claim 16 wherein determining 
further includes means for ascertaining pairs of said defor 
mational forces to apply to said patterned device further 
including means for applying said pairs of deformational 
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forces to said patterned device with each force of said pair 
having the same magnitude and a direction, with the direction 
of one of said pair of forces being opposite to the direction 
associated with the remaining force of said pair of forces. 

20. A method for determining deformation parameters that, 
when applied to a patterned device, minimize dimensional 
variations between a recorded pattern thereon and a reference 
pattern, the method comprising: 

generating differences in measured locations of feature 
points on the recorded patternand corresponding feature 
points on the reference pattern; 

generating distortion vectors from the differences in the 
measured locations of the feature points on the recorded 
pattern and the corresponding feature points on the ref 
erence pattern; 

generating a compliance matrix from a spatial and material 
characteristic model of the patterned device by applying 
simulated force pairs to a model of the patterned device 
and determining a relationship between registered 
movements of the feature points on the recorded pattern 
on the model of the patterned device and the applied 
simulated force pairs, wherein the applied simulated 
force pairs meet predetermined magnitude and direc 
tional constraints; and 

generating, from the compliance matrix and the measured 
location of the feature points on the recorded pattern, 
directly opposing force pairs that minimize dimensional 
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variations between the recorded pattern thereon and the 
reference pattern when applied to the patterned device, 
wherein the force pairs meet the predetermined magni 
tude and directional constraints. 

21. The method of claim 20, further comprising generating 
signals to apply to actuators configured to engage the pat 
terned device to thereby generate the force pairs. 

22. The method of claim 20, wherein the magnitude and 
directional constraints include a Zero resultant Summation of 
forces in orthogonal planaraxes of the patterned device and a 
Zero resultant Summation of moments about an axis orthogo 
nal to both the planar axes. 

23. The method of claim 20, wherein the material charac 
teristic model includes aYoung's modulus and Poisson’s ratio 
of a material from which the patterned device is made. 

24. The method of claim 20, wherein the spatial character 
istics include a finite element model of the patterned device. 

25. The method of claim 20, wherein the relationship 
between registered movements of the feature points on the 
recorded pattern on the model of the patterned device and the 
applied simulated force pairs is a linear relationship. 

26. The method of claim 20, further comprising applying 
the force pairs to the patterned device. 

27. The method of claim 26, wherein the four pairs are 
applied to the patterned device through actuators engaged 
with the pattern device. 

k k k k k 


