
;e3ePLLMtO4@O0pP6PTPlt2  SYSTEM AND METHOD FOR IMPROVING LINEWIDTH CONTROL
IN A LITHOGRAPHY DEVICE BY VARYING THE ANGULAR DISTRIBUTION OF LIGHT IN AN
ILLUMINATOR AS A FUNCTION OF FIELD POSITION FIELD OF THE INVENTION
invention relates to lithography. More particularly, it relates to line
width control in a lithography device. BACKGROUND OF THE INVENTION
Lithography Is used in the manufacture of semiconductor chips. Lithography,
or more particularly photolithography, involves projecting one or more
images of a reticle or semiconductor circuit mask onto a photosensitive
substrate of a wafer. The wafer is then processed to form one or more
circuits. As the art of semiconductor chip manufacturing progresses and the
size of semiconductor devices become smaller, there is a need for improving
line width control in photolithography devices. Large semiconductor chips
are typically manufactured using a step-and scan lithography device. A
step-and-scan lithography device operates by scanning a typically
rectangular illumination field defined by an illumination system over a
reticle having a circuit pattern thereon. A step-and-scan lithography
device is used to manufacture large semiconductor chips, m part, because
the size of a semiconductor chip that can be manufactured using a
stepand-scan lithography device is not limited to the size of the device's
projection optics. A method and system for improving line width control,
for example, in a step-and-scan lithography device, is described by
McCullough et al. in U.S. Application Ser. No. 09I599,383, filed June 22,
2000, "Illumination System With Spatially Controllable Partial Coherence
Compensating For Linewidth Variances In A Photolithography System," which
is incorporated in its entirety herein by reference. McCullough et al.
describe using a custom-designed optical element, such as a microlens array
or a diffractive optical element, to control the partial coherence of an
illumination system of a lithography device and thereby   -2 compensate for
line width variances in the lithography device. The customdesigned optical
element described by McCullough et al. is designed to compensate for
predetermined horzontal and vertical biases associated with a particular
lithography device. A limitation of the method of McCullough et al., 5
however, is that it is typically an expensive and time-consuming process to
design and manufacture the custom-designed optical element described by
McCullough et al. Thus, the custom-designed optical element described by
McCullough et al. cannot be readily adjusted) for example, as the
horizontal and vertical biases associated with a particular lithography
device change with time. 10 Other types of lithography devices such as
step-and-repeat lithography devices and field-stitching lithography devices
also exhibithorizontal and vertical biases that cause line width variances.
Compensating for the horizontal and vertical biases in these lithography
devices and improving line width control is just as important as
compensating for horizontal and vertical biases and I5 improving line width
control in a step-and-scars lithography device. What is needed is a system
and method for controlling line width variations in a lithography device
that overcomes the limitations described above. BRIEF SU'MMAR'Y OF TIDE
INVENTION 20 The preset invention provides a system and method for
controlling line width variances in a lithography device. )electromagnetic
energy is emitted from an illumination source. A portion of the emitted
electromagnetic energy passes through an illumination optics module. In an
embodiment, the illumination 25 optics module includes a one-dimensional
optical transform element having a pupil plane. An aperture device having
an aperture is located proximate to the pupil plane so that a portion of
any electromagnetic energy received by the onedimetwsi oval optical
transform element passes through the aperture of the aperture device. The
angular distribution of electromagnetic energy passing through the 30
illumination optics module is controlled using the aperture device.  



-3 In an embodiment, electromagnetic energy exciting the illumination
optics module passes through a reticle stage. The reticle stage has a mask
region that is adapted for holding a reticle or mask. A portion of any
electromagnetic energy passing through the mask region is received by a
projection optics module. Electromagnetic energy passing through a reticle
or mask held by the reticle stage will enter the projection optics module
and be imaged by the projection optics module on a photosensitive
substrate, such as a wafer held by a wafer stage. In embodiments of the
invention, the shape of the aperture of the aperture device is adjusted to
control the angular distribution of electromagnetic energy on the mask or
the reticle. In one embodiment of the invention, the shape of the aperture
is static. In this embodiment, the shape of the aperture is changed by
replacing at least a portion of the aperture device. In another embodiment,
the shape of the aperture is dynamic. In this embodiment, the shape of the
aperture is changed by using an aperture control module to adjust the shape
of the aperture. The shape of the aperture can be automatically adjusted
using either an open loop or a closed loop control system. In an
embodiment, a measurement of the angular distribution of electromagnetic
energy is used to determine an appropriate shape for the aperture. In
embodiments of the invention) a customized or standardized optical element
is used in addition to the one-dimensional optical transform element and
aperture device to modify the partial coherence of electromagnetic energy
emitted by the illumination source. This optical element comprises, for
example, micro tenses or diffractive elements that change the partial
coherence of the electromagnetic energy incident upon the one-dimensional
optical transform element. In an embodiment of the invention, an adjustable
delimiter (e.g., jaw or stop) is used to limit a length of the illumination
field. This adjustable delimiter is a separate device from the aperture
device.   -4 Further features and advantages of the present invention, as
well as the structure and operation oP various embodiments of the present
invention, are described in detail below With reference to the accompanying
drawings. BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES The present invention
is described with reference to the accompanying figures. The accompanying
figures, which are incorporated herein and form part of the specification,
illustrate the present invention and, together with the description)
further serve to explain the principles of the invention and to enable a
person skilled in the relevant art to make and use the invention. In the
figures, like reference numbers indicate identical or functionally similar
elements. Additionally, the leftmost digit or digits of a reference number
identify the figure in which the reference number first appears. FIG. 1
illustrates an example lithography device that incorporates the invention.
FIG. 2 illustrates how to measure the partial coherence of the lithography
device of FIG. 1. FIG. 3 illustrates the angular distribution of light in a
conventional lithography device as a function of field position. FIG. 4A
illustrates an unbiased horizontal and an unbiased vertical line formed on
a photosensitive substrate. ' FIG. 4B illustrates a biased horizontal and
an unbiased vertical line formed on a photosensitive substrate. FIG 4C
illustrates an unbiased horizontal and a biased vertical line formed on a
photosensitive substrate. .FIG. 5 illustrates an example relationship
between a photosensitive substrate and an illumination field according to
the invention. FIG. 6 illustrates an example partial coherence adjuster
module according to the invention.   -5 PIG. 7 further illustrates a
one-dimensional optical transform element of the partial coherence adjuster
of FIG. 6 



FIG 8A illustrates a first example of an adjustable aperture according to
the invention. FIG 8B illustrates a second example of an adjustable
aperture according to the invention. FIGs. 9A-B illustrate a flowchart of a
method for controlling the angular distribution of electromagnetic energy
in a lithography device as a function of field position according to an
embodiment the invention. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides a system and method fox improving linewidth
control in a lithography device. As will be apparent from the detailed
description herein, the present invention is particularly well adapted for
use with a step-and-scan lithography device. In the description that
follows, reference will be made in detail to present embodiments of the
invention, examples of which are illustrated in the accompanying drawings.
While the invention will be described in conjunction with the present
embodiments, it will be understood that they are not intended to limit the
invention to just these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equivalents, which can be
included within the spirit and scope of the invention as defined by the
appended claims. Furthermore, in the following description, far purposes of
explanation, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art, upon reading this disclosure, that the
present invention can be practiced without these specific details. In other
instances, well-known structures and devices are not described in detail in
order to avoid obscuring aspects of the present invention.   -G Terminology
The following terms are defined so that they may be used to describe
embodiments of the present invention. As used herein: "Aperture device"
means a device capable of changing or varying the angular distribution of
electromagnetic energy along a predetermined axis by changing or varying
the shape of an aperture. An aperture device can be a dynamic device such
as the invention described in U.S. patent No. G,013,401 to McCullough et
al., and variations thereof, or it can be a static device such as a plate
or disk having an aperture of a predetermined shape and size. Customized
Optical Element" means an optical element specifically designed to
compensate for the optical characteristics of a particular lithography
device. Customized optical elements are not intended to be used in a
lithography device other than the one for which it is specifically
designed. "Illumination source" means any source of illumination such as,
for example, a pulsed laser or a lamp that is suitable for performing
lithography. "Lithography device" means any lithography device to include a
step-and scan lithography device, a step-and-repeat lithography device,
and/or a fieldstitching lithography device, unless otherwise noted.
"One-dimensional optical transform element" means any optical device or
combination of optical devices that form a pupil plane and allow an
aperture device located proximate to the pupil plane to be used to vary the
angular distribution of electromagnetic energy along a predetermined axis.
"Positioned adjacent to" means a first module or device is positioned
relative to a second module or device so that electromagnetic energy
exiting the first module or device will enter the second module or device)
either directly or indirectly. The phrase "positioned adjacent to" includes
instances where one or more optical elements are used to direct
electromagnetic energy exiting the first module or device into the second
module or device.    "Reticle stage" means that portion of a lithography
device used to hold and position a reticle or semiconductor mask.
"Standardized Optical Element" means an optical element designed to
compensate for the optical characteristics particular to a specific make or
model of a lithography device. Standardized optical elements are intended
to be used interchangeably in a11 lithography devices conforming to a
specific make or model. "Wafer" or "Photosensitive Substrate" both mean a
wafer having a photosensitive coating (photoresist) of the type used by
semiconductor manufacturers to produce semiconductor chips. "Wafer stage"
means that portion of a lithography device used to hold and position a
wafer. 



System Embodiments of the Invention FIG. 1 illustrates an example
lithography device 100 that embodies the invention. An illumination source
102 generates and directs electromagnetie energy into an illumination
optics module 104. Illumination optics module x04 includes a partial
coherence adjuster module 105 that conditions the electromagnetic energy
received from illumination source 102 in accordance with the invention.
Conditioned electromagnetic energy leaves illumination optics module 104
and passes through a reticle (not shown) held by a reticle stage 10G. The
reticle is used to project an image of a circuit onto a wafer or
photosensitive substrate 110. Electromagnetic energy passing through the
reticle enters a projection optics module 108. Projection optics module 108
images the received electromagnetic energy on photosensitive substrate 110.
Photosensitive substrate x 10 is held and moved by a wafer stage 112. A
stage control 114 controls the position of reticle stage 10b and wafer
stage 112, thereby controlling the position of the reticle (not shown) and
photosensitive substrate 110.   (g_ Illumination source l02 comprises a
source of electromagnetic energy. IIIuminatiota source 102 can be either a
continuous source of electromagnetic energy or a pulsed source of
electromagnetic energy. For example, a pulsed laser operating in a range
from about one kilohertz to about four kilahertz can be used. .As will be
understood by a person skilled in the relevant lithography art, the
electromagnetic energy produced by illumination source l02 requires
conditioning before it is used to expose photosensitive substrate 110.
Illumination optics module 104 comprises optical elements that condition
the eleetromagnetic energy received from illumination source 102. Optical
elements that form a part of illumination optics module 104 are described
below and, for example, in U.S. Patent No. 5,G31,'721 to Stanton et. al.,
which is herein incorporated by reference in its entirety. In particular,
illumination optics module 104 contains a partial coherence adjuster module
105. Partial coherence adjuster nraodule 105 contains optical elements for
varying the angular dist~bution of electromagnetic energy emitted by
illumination source 102 as a function of field position (e.g., for varyixtg
the angular distribution of electz~onnagnetic energy of illumination field
312, as described below). For example, partial coherence adjuster module
105 contains a one-dimensional optical transform element and an aperture
device for varying the angular distribution of electromagnetic energy. In
embodiments, partial coherence adjuster module 105 also contains a
customized or standardized optical element for varying the angular
distribution of electromagnetic energy. These features of the inventibn are
described below in mote detail electromagnetic energy exiting illumination
optics module 104 is used to illuminate a reticle (not shown) held by
reticle stage 106. Py illuminating the reticle, a circuit pattern thereon
is transferred to photosensitwe substrate 110. Photosensitive substrate 110
is processed in a manner known to persons skilled in the lithography arts
to form one or xno><'e circuits. Projection optics module 108 is used to
iz~nage electrorr~agnetac energy that passes through the reticle onto
photosensitive substrate 110, Projection optics   _g_ 108 can also be used
to reduce the reticle image formed on photosensitive substrate 110. Stage
control 1 la controls the movement and positioning of reticle sage 106 and
wafer stage I 12. Stage control 114 enables lithography device 100 to
operate in either a step-and-scan mode, a step-and-repeat mode, and/or a
field stitching mode. F1G. 2 illustrates bow to rxteasure the partial
coherence of lithography device 100. Two cones 208 and 210 are shown in
FTG. 2 Cone 210 represents the actual space through which electromagnetic
energy from illumination source 102 passes to illuminate a reticle held by
reticle stage 106. Cone 208 represents the maximum cone or space through
which electromagnetic energy can pass and still be used to image wafer 110.
The angular distribution of cone 2 x 0 (i_e., the partial coherence factor
Q of cone 210) is given by EQ. 1: 6 = ~a EQ. 1 em where, as shown in FIG.
2, cone 208 forms an angle 0", with a optical axis of lithography device
100, and cone 210 forms an angle 6o with the optical axis. FIG. 3
illustrates the angular distribution of light in a conventional lithography
device 300 as a function of field position. )<n FIG. 3, electromagnetic
energy is shown exiting an illumination optics module 302. 3'his exiting
electromagnetic energy has not been conditioned in accordance with the
invention. The exiting electromagnetic energy passes through a reticle
stage 304. A reticle or semiconductor mask (not shown) is placed at an
image plan of reticle stage 304. The exiting electromagnetic energy passes
through a pro jection optics module 306. Projection optics module 306
images electromagnetic energy at an image plane located proximate to a
wafer stage. As illustrated in FXG. 3, the electromagnetic energy exid~ng
illumination 



optics module 302 forms cones of electromagnetic energy (see, e_g., cone
310A).   -10 Similar cones of electromagnetic energy (see, e.g., cone 310B)
are also formed by the electromagnetic energy as it exits projection optics
module 306. These cones of electromagnetic energy (represented as cones
310B, 314, 316) 318, and 320) fornl an illumination field 31Z. Illumination
field 312 is used to expose a photosensitive substrate of a wafer 330.
illumination field 312 does not vary as a function of field position. Each
cone of electromagnetic (e.g., 310B, 314, 316, 318, and 320) that forms a
part of illumination field 312 exposes a different point on wafer 33U. Cone
308B illustrates a maximum cone of electromagnetic energy that can be used
to expose the photosensitive substrate of wafer 330. This cone is also
shown as cone 308A. The shape (i.e., cross-sectional view) of each cone of
electromagnetic (e.g., 310B, 314, 316, 318, and 320) is intended to
represent the partial coherence of the electromagnetic energy at a
particular point in illumination field 312. As shown in FIG. 3, there is a
relationship between the cones 308A and 308B. Changing the shape of cone
310A causes a similar change to be brought about in cone 31013. Cones 308A
and 310A can be used to calculate the partial coherence of lithography
device 300. FIGs. 4A, 4B, and 4C illustrate hozi;zox~tal line and vertical
line biases. These line biases are brought about, for example, by
impei~ections in reticles and the optics of a conventional lithography
device such as lithography device 300. )FIG. 4A illustrates an unbiased
horizontal line 402 having a width WH and an unbiased vertical line 4p4
having a width Wv formed on wafer 330. FIG. 4B illustrates a biased
horizontal line 406 having a width WH and an unbiased vertical line 404
having a width Wv formed on wafer 330. PIG. 4C illustrates an unbiased
horizontal line 402 having a width WH and a biased vextical lime 408 having
a width Wv' formed on wafer 330. As will become apparent to persons skilled
in the relevant lithography art given the description herein, the present
invention can be used to control the angular distribution or partial
coherence of the electromagnetic energy m illurnination field 312, as a
function of field position, and thereby improve the   _11_ performance of
lithography device 300. By varying the partial coherence of the
electromagnetic energy used to expose wafer 330 (e.g., the shape of cones
31UB, 3l4, 3l6, 318, and 320) according to the invention, variations in
line widths formed on wafer 330 are reduced. Embodiments of the invention
are also used improve the performance of lithography devices other than
lithography device 300 that use, for example, a square or an annular slit
illumination field to expose a wafer. F1G. 5 illustrates the relationship
between wafer 330 and illumination field 312. FIG. 5 also illustrates how
the invention can be used to vary the parti al coherence of the
electromagnetic energy used to expose wafer 330 (see, e.g., the shape of
cones 504, 506, and 508) according to the invention, and thereby reduce
variations in line widths formed on wafer 330. As illustrated in FIG. 5,
illumination field 312 is used to expose a scan area 502 of vuafer 330. The
partial coherence or angular distribution of electromagnetic energy in
illumination field 3I2 varies as a .function of field position. Each point
of wafer 330 can be exposed differently along the length of illunnination
field 312 as illumination field 312 scans across scan area 502.
Illumination cones 504, 506, and 508 depict how the angular distribution of
electromagnetic energy (e,g.) light) can vary as a function of illununation
field position in accordance with the invention. FIG. 6 illustrates an
example partial coherence adjuster module 105 according to the invention.
As described herein, partial coherence adjuster module 105 is used to
adjust the partial coherence of electromagnetic energy in an illumination
field (e.g., illumination field 312) as a function of field position.
According to an embodiment of the invention, partial coherence adjuster
module 105 includes a one-dimensional optical transform element d02, an
illumination field delimiter 614, and a customized or standardized optical
element 620. As shown in FIG. 6, in an embodiment, optical transform
element 602 has two optical elements (e.g., lenses) 604 and 606, and an
aperture device 608. Aperture device 608 has an aperture (not shown), which
is used to adjust the   -lz 



paztial coherence of electromagnetic energy passing through the aperture
along a predetermined axis. For example, optical transform element 602 can
be used to vary the angular distribution of electromagnetic energy along an
axis that is aligned with the length of rectangular illumination field 312,
shown in FIG. 5. In an embodiment, aperture device 608 is a device similar
to the invention described in U.S. Patent No. 6,013,401 to McCullough et
al. rn this embodiment, the sire and shape of the aperture of the aperture
device 608 can be varied in realtime to compensate for time-varying
phenomena that cause horizontal lane andlor vetrtical line biases. In an
embodiment, the size and shape of apertures needed to reduce line width
variation.for particular sets of parameters are precomputed and stored in
an optional memory 612. This stored data is then used by an optional
aperture control module G10 to adjust the shape of the apet~ure of aperture
device 608 during operation of the lithography device. Time-varying
pararxteters that may cause linewidth variations include temperature,
pressure, and resist being used. other time-varying parameters that can he
compensated for using the present invention are known to persons skilled in
the relevant lithography art. Aperture control module 610 can operate in
either an open loop or closed loop manner. 1-Iow to implement aperture
control module 610 will become apparent to a person skilledin the relevant
control systems art given the description herein. In another embodiment,
aperture device 608 is a replaceable plate or a replaceable disk having a
static aperture or a device that includes a replaceable plate or a
replaceable disk having a'static aperture. In this embodiment, the plate or
disk can be changed either by hand or automatically in order to vary the
shape of the aperture, Factors such as cost and the size of the circuit
features being reproduced will deternnir~e when and how often the
replaceable plate or replaceable disk is changed to control line width
variations. Ire other embodiments, other known means for forming a
changeable apeirture, other than a replaceable plate or a replaceable disk,
are used. As will be understood by a person skilled in the relevant
lithography art given the description herein, the shape of the aperture of
aperture device 608   -13 needed to control line width variations for a
particular set of parameters can be determined based on a analysis
experimental data obtain from exposing several wafers over tinne and under
different conditions. The data needed can be obtained, for exarraple, by
analyzing the variations in printed line widths formed on wafers and the
corresponding line widths on the reticles used to expose the wafers. How to
collect the data and analyze the data are known to persons spilled m the
relevant arts. Illumination field delimiter 614 is used to set the maximum
size and shape of the illumination field used to expose wafer 330. In
embodiments of the invention, the size and shape of the illurraination
field formed by delimiter 614 is controlled by an optional scanning field
control module 616 and an optional memory 618. This feature is used, for
example, to control the amount of electromagnetic energy used to image a
particular reticle. In embodiments of the invention, a customized oz'
standardized optical element 620 is used to modify the partial coherence of
electromagnetic energy errtitted by illumination source 102. Optical
element 620 comprises, for example, micro lenses or diffractive elements
that change the partial coherence of the electromagnetic energy incident
upon optical, element 620. Optical element 620 is designed to compensate
for changes in the partial coherence of electromagnetic energy brought
about, for example, by imperfections in projection optics module 108 that
lead to horizontal and vertical line width biases. A customized optical
element 620 is described in detail in U'.S. Patent Application Ser No.
091599,383 by McCullough et al. l~esigmng optical element 620 to compensate
for the average or typical imperfections of a particular model of
lithography devices has many advantages. For e~eample, it reduces
production costs and production time. Optical element G20 does not
compensate f4r time-varying phenomena that cause horizontal line and
vertical line biases. F,fG. 7 illustrates a pupil plane 702 that is formed
by the two optical elements 604 and 606 of one-dimensional optical
transfozm element 602. The   -14 aperture of aperture device 608 is located
between optical elements 604 and 60G proximate to pupil plane 702. This
placement allows the aperture of aperture device 608 to be used to vary the
partial coherence of the electromagnetic energy that passes through the
aperture (e.g.) by varying the shape of the cones of electromagnetic
radiation 704, 706, and 708) in the manner described herein. FYGs. 8A and
8B illustrate two example apertures 801 and 811 that can be used according
to the invention to' vary the partial coherence of electromagnetic energy
along an axis. 'When aperture 801 or 811 is located proximate to pupil
plane 702 of one-dimensional transform element 602. it will vary the
angular distribution of the electromagnetic energy (e.g., light) as a
function of field position in an illumination field. Poi example, when the
invention is incorporated into lithography device 300, aperture 801 or 811
will vary the angular distribution of the electromagnetic energy as a
function of field position in illumination fiEld 312. lFor aperture 801,
the angular distribution of electromagnetic energy in illumination field
312 will have a certain value "A" in a region con~esponding to the area
between edges 802 and 810 of aperture 801. The angular distribution of
electromagnetic energy in illumination field 312 will have a value greater
than "A" in the regions corresponding to the areas between edges 804 and
810 and edges 808 and 810 of aperture 801. It will have a value less than
"A" in a region corresponding to the area between edges 802 and 810 of
aperture 801. 



Similarly, for aperture 811, the angular distribution of electromagnetic
energy in illumination field 312 will have a certain value "B" in a region
corresponding to the area between edges 812A and 812B of apex-ture 811. The
angular dista~ibution of electromagnetic energy in illumination field 312
will have a value greater than "B" in the regions corresponding to the
areas between edges 814A and 81B and edges '818A and 818B of aperture 811.
rt will have a value less than "B" in a region co~tresponding to the area
between edges 8 x 6A and 816B of aperture S 11. Thus, as will be understood
by person slulled in the relevant lithography azt given the description
herein, the invention improves linewidth   _15. control in a lithography
device by varying the angular distribution of light in an illuminator as a
function of field position. Method Embodiment of the Invention FIGs 9A. and
9B illustrate a flowchart of the steps of a method 9U0 for controlling the
angular distribution of electromagnetic energy in a lithography device as a
function of field position according to an embodiment the invention. The
steps of method 900 will now be described. Zn step 910, e)ectzomagnetic
energy from an illumination source is emitted. The emitted electromagnetic
energy (e.g., light) can be either a continuous source of electromagnetic
energy or a pulsed souzce of electromagnetic energy. In an embodiment, a
pulsed laser operating in a range from about one kilohertz to about four
kilohertz is used. In step 92U., elECtromagnetic energy emitted from the
illumination source passes through an illumination optics module. This
illumination optiFs module includes a partial coherence adjuster module.
The Partial coherence adjuster module includes a one~dimensional optical
transform clement. The purpose of the optics module is to condition the
electromagnetic energy so that is can be used to illuminate a reticle or
mask and image a circuit pattern on a wafer. In step 930) the angular
distribution of electromagnetic energy entering the one-dimensional optical
transform element is vat7ed along an axis. This is accozn,plished by
passing a portion of the electromagnetic energy through ata aperture o'f an
apezture device. The aperture of the apeztuxe device is located pro;timate
to a pupil plane of the one-dimensional optical transform element. In step
940, electxol'nagnetic energy from the illumination optics module passes
through a mask region in a reticle stage. In operation, the mask region of
the reticle stage holds a reticle or zn,ask. By illuminating the reticle, a
circuit pattern thereon is transferred to a photosensitive substrate of a
wafer.   -16 rn step 95D, electroKnagnetic energy that passes through the
mask region in the reticle stage is imaged) using a projection optics
module, to form an image plane proximate to a wafer stage. In embodiments,
the projection optics module reduces the size of the reticae features
transferred to the photosensitive substrate. For example, in an embodiment,
the projection optics module reduces the size of the reticle features
transferred to the photosensitive substrate by a factor of four. In step
960) the shape of the apei~.ure of the apetrture device is adjusted to
control the angular distribution of electromagnetic energy at the image
plane proximate to the wafer stage. In an embodiment, the aperture of the
aperture device is a dynamic aperture_ This dynamic aperture is adjusted by
changing the shape of the apetrtui~e usin;~ an aperture control module. The
aperture control module can be an open-loop control system, that is used to
adjust the shape of the aperture, or a closed-loop control system that is
used to adjust the shape of the aperture. In an embodiment, precalculated
data stored in a memory is used to adjust the shape of the aperture device.
'I'he shape of the aperture is adjusted based on the angular distribution
of electromagnetic energy at the image plane proxitxtate to the wafer
stage. In another embodiment, the aperture of the aperture device is a
static aperture. This static aperture is changed by replacing at least a
portion of the aperture device to adjust the shape of the aperture. For
example, in embodiments; a plate or a disk having a predetermined cut-out
(aperture) is replaced by another plate or disk having a different shaped
cut-out (aperture). In embodiments of the invention, the shape of the
aperture is adjusted basEd on detected variations in pninked line widths
formed on a photosensitive substrate (wafer) held by the wafer stage) For
example, the detected variations in printed line widths can be corrtpared
to the reticle used to expose the photosensitive substrate, and the shape
of an aperture according to the invention that will reduce the variations
in line widths can be determined. This detection and analysis process can
be done on a continuous basis) or it can be done periodically (e.g., from
time-to-time) by analyzing changes in line width variation   -17 



on wafers over time. In erlnbodiments, the shape of the aperture is
adjusted so that is corresponds to a particular reticle being used. As wil!
be understood by a person sJcilled in the relevant lithography art, there
are many factors that can be used to determine how the apeilure of the
aperture device should be adjusted in order to impxove line width control
in accordance with the invention. Thus, the factors discussed herein have
been presented by way of example only, and not limitation. Conclusion
Various embodiments of the present invention have been described above. It
should be understood that these errtbodizn,ents have been presented by way
of example only, and not limitation. It will be understood by those skilled
in the relevant art that various changes in foizn and details of the
ennbodiments described above may be rr~ade without departing from the
spirit and scope of the present invention as defined in the claims. Thus,
the breadth and scope of the present invention should not be limited by any
of the above-described exemplary embodiments, but should be defined only in
accordance with the following claims and their equivalents   _jg_ WI~AT IS
CLAIIvLEb yS: 1. A lithography device, comprising: an illumination source;
. an illurnination optics module that receives electromagnetic energy
emitted by said illumination source, said illumination optics module having
a partial coherence adjuster module comprising: cone-dimensional optical
transform elementhavingapupil plane, and an aperture device having an
aperture used to vary the angular distribution of electromagnetic energy
entezang said one~dimensional optical transfornn element along an axis, the
aperture of said aperture device being located proximate to the pupil plane
of said one-dimensional optical transform element; a reticle stage
positioned adjacent to said illumination optics module, wherein
electromagnEtic energy exiting said illumination optics module will
illuminate a portion of a reticle held by said reticle stage; a wafer
stage; and a projection optics module having an image plane proximate to
said wafer stage, said projection optics module positioned adjacent to said
reticle stage and adjacent to said wafer stage, wherein a]eetromagnetic
energy passing through the reticle held by said reticle stage will
enter'said projection optics module and be imaged by said projection optics
module on a photosensitive substrate of a wafer held by said wafer stage,
and wherein a shape of the aperture of said aperture device is adjusted to
control the angular distribution of electromagnetic energy at the ianage
plane proximate to said wafer stage.   -19 2. The device of claim 1,
wherein the shape of the aperture is adjusted based on detected variations
in printed line widths formed on the photosensitive 



substrate of the wafer from corresponding line widths on the reticle. 3.
The device of claim 1, wherein the shape of the ap~nure is static, and the
shape of the aperture is adjusted by replacing at feast a portion of said
aperture device. 4. The device of claim 1, wherein the shape of the
aperture is dynamic, and the shape of the aperture is adjusted using an
apezture control module. 5. The device of claim 4, wherein an open-loop
control system is used to adjust the shape of the. aperture. 6. The device
of clairra 4, wherein a closed-loop control system is used to adjust the
shape of the aperture. 7. The device of clairr~ 1, wherein said aperture
device is an adjustable slit device. 8. The device of c)airrt 1, further
comprising: a memory that stores preealculated data used to adjust the
shape of the aperture of the aperture device. 9. The device of claim 1,
wherein said partial coherence adjuster module further comprises: an
optical eletuent having a plurality of different illumination regions, each
of the different illumination regions having a different illumination
property   -~o selected to reduce line width variations on a printed
substrate, said optical clement being located adjacent to said
one-dimensional optical transform element, wherein electromagnetic energy
exiting from said optical element will 



enter said one-dimensional optical transform elerraent. 10. A method for
controlling the angular distribution of electromagnetic energy in a
lithography device as a function of field position, the method comprising
the steps of (1) emitting electromagnetic energy from an illumination
source; (2) passing electromagnetic energy emitted from the illumination
source through an illumination optics module eoxnprising a one-dimensional
optical txansfoxn~. element having a pupil plane; (3) passing a portion of
the electromagnetic energy through an aperture of an aperture device to
vary the angular distribution of electromgnetic energy entering the
one-dimensional optical transform element along an axis, wherein the
aperture of the aperture device is located proximate to the pupil plane of
the one-dimensional optical transForm element; (4) passing electromagnetic
energy front the illumination optics module through a mask region in a
reticle stage; (5) imaging electromagnetic energy that passes through the
mask region in the reticle stage, using a projection optics module
comprising at least one optical element, to foxxtx an image plane proximate
to a wafer stage; and (G) adjusting the shape of the aperture of the
aperture device to control the angular distribution of electromagnetic
energy at the image plane proximate to the wafer stage.   ~21 11. The
method of claim 10, wherein step (6) comprises: adjusting the shape of the
aperture based on detected variations in printed line widths formed vn a
photosensitive substrate held by the wafer stage from corresponding line
widths 4n a reticle held by the reticle stage. 12. The method of claim 11,
wherein step (6) comprises: 



for a static aperture, replacing at least a portion of the aperture device
to adjust the shape of the aperture. 13. The rraethod of claim 1 I, wherern
step (6) comprises: for a dynamic aperture, adjusting the shape of the
aperture using an aperture control module. 14. The method of claim 13,
wherein step (6) comprises: using an open-Iaop control system to adjust the
shape of the aperture. 15. The method of claim 13, wherein step (6)
comprises: using a closed-loop control system to adjust the shape of the
aperture. 16. The rr~ethod of claim 13, wherein step (6) comprises:
adjusting the shape:of the aperture based on the angular distribution of
electromagnetic energy at the image plane proximate to the wafer stage. 17.
The method of claim 13, wherein step (6) comprises: using precalculated
data stored in a memory to adjust the shape of the apErture device.   -22
18. The method of claim 10) further comprising the step of; passing
electromagnetic energy emitted 'From the illumination source through a
customized optical element having a plurality of different illumination
regi on s 19. The r~~ethod of claim 10, further comprising the step of:
passing electromagnetic energy emitted from the illumination source through
a standardized optical element having a plurality of different illumination
regions 



20. An apparatus for improving line width control in a lithography device,
comprising: a one-dimensional optical transform element having a pupil
plane; and an aperturedevice havingan aperture used to vary the angular
distribution of electromag~-~etie energy ervtering said one-dimensional
optical transform eler~nent along an axis, the aperture of said aperture
device being located proximate to the pupil plane of said one-dimensional
optical transform element. 21. The apparatus of claim 20, further
comprising: a customized optical element that changes the partial coherence
of electromagnetic energyente~ing said one-dimensional optical transform
element, said customized optical element having a plurality of different
illuraination regions) each of the different illunnination regions having a
different illumination property selected to reduce line width variations on
a printed substrate. 22. The apparatus of claim 20, further comprising: a
standardized optical element that changes the partial coherence of
electromagnetic energy entering said one-dimensions) optical transform
element, said standardized optical element having a plurality of different
illumination   -23 regions) each of the different illumination regions
having a different illumination property selected to reduce line width
variations on a printed substrate. 23. The apparatus of claim 20, wherein
the shape of the aperture is adjusted based on detECted variatiops in
printed line widths formed on a photosensitive substrate of a wafer from
corresponding line 'widths on a reticle. 24. The apparatus of claim 20,
wherein the shape of the apetrture is static, and the shape of the aperture
is adjusted by replacing at least a portion of said aperture device. 



25. The apparatus of claim 20, wherein the shape of the apErture is
dynamic, and the shape of the aperture is adjusted using un aperture
control module. 26. 'The apparatus of claim 25, wherein an open-loop
control system is used to adjust the shape of the aperture. 27. The
apparatus of claim 25, wherein a closed-loop control system is used to
adjust the shape of the aperture. 28. The apparatus of claim 20, wherein
said aperture device is an adjustable slit device. 29. The apparatus of
claim 20, further comprising: a memory that stores precalculated data used
to adjust the shape of the aperture of the aperture device. .A,;.A,9.A
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