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METHOD OF ILLUMINATION UNIFORMITY IN 
PHOTOLITHOGRAPHIC SYSTEMS 

RELATED PATENT DOCUMENT 

[0001] This is a divisional of US. patent application Ser. 
No. 09/141,807, to Which priority is claimed pursuant to 35 
U.S.C. 120. 

FIELD OF THE INVENTION 

[0002] The present invention is generally directed to an 
apparatus for patterning a photoresist material. More par 
ticularly, the present invention relates to an apparatus having 
a ?lter member Which is divided into regions having indi 
vidual ?ltering characteristics. 

BACKGROUND OF THE INVENTION 

[0003] The manufacture of integrated circuits (ICs) 
requires many process steps Which are executed With pre 
cision and accuracy. Precision is important because the 
ultimate dimensions of the components of integrated circuits 
are becoming smaller and smaller. Currently, some features 
have siZes on the order of less than one micron. Accuracy is 
important so that the related process steps are repeatable 
over time and produce results Within a controlled range. 

[0004] A signi?cant part of many Wafer manufacturing 
processes includes photolithography. Photolithography 
involves making an image of a part of the electronic circuit; 
rendering this part of the circuit onto a photographic plate, 
sometimes referred to as a photomask; and using the pho 
tomask and a light source to print that image onto a silicon 
Wafer upon Which a light-sensitive emulsion (e.g., a photo 
resist) has been applied. The eXposed photoresist is devel 
oped to reveal the desired circuit elements. Other processes 
and treatments complete the structure of the layer. 

[0005] An electronic circuit may have a number of pho 
tolithographic steps. The number of photolithographic steps 
often increases as circuits become more and more complex. 

[0006] TWo devices used for printing a mask pattern onto 
a silicon Wafer are the projection aligner and the stepper. 
FIG. 1 a shoWs one eXample of a projection aligner 100. 
One typical projection aligner 100, for eXample, includes 
tWo re?ecting surfaces 106, 108. The light, typically sup 
plied by a high energy source (not shoWn), such as a mercury 
lamp or a laser, passes through a point on a photomask 104 
to a primary mirror 106. The light bounces off the primary 
mirror 106 onto a secondary mirror 108. From the secondary 
mirror 108, the light again bounces back to the primary 
mirror 106. The image on the photomask 104 is then 
projected onto a Wafer 102. To assure accurate alignment, 
the aligner 100 relies upon receiving a re?ected light sig 
nature of one or more alignment markers on the Wafer 102 
Which can be aligned With corresponding markers on the 
photomask 104. In projection aligner printing, typically all 
of the product die on the Wafer 102 are printed simulta 
neously. For eXample, if the Wafer 102 has the capacity to 
hold 150 die, the mask has 150 images on it. 

[0007] FIG. 1b shoWs one eXample of a stepper device. In 
using a stepper device, a pattern or mask 120 of a single 
layer of the semiconductor device 122 is placed on a reticle 
124 and illuminated by a light source 126. Amirror 128 may 
be provided behind the light source 126 to re?ect light back 
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toWard the Wafer 122. The image on the reticle 124 may be 
tWo to ?ve times (or more) larger than the ?nal printed image 
on the Wafer 122. The stepper optics 130 reduce the siZe of 
the reticle image to the ?nal device siZe. The Wafer 122 steps 
along and the aligner prints one die 132 at a time. Each die 
132 may have an alignment marker to assure alignment 
throughout the building of the semiconductor device 122. 

[0008] Each step builds an additional layer of the circuit 
upon the previously built ones. To assure that the layers line 
up With one another, the subsequent layers are printed 
relative to the ?rst. 

[0009] To properly pattern the photoresist material, it is 
often desirable that there be uniformity in the light Which 
illuminates the photoresist material. Non-uniformities in the 
intensity of the illumination light may result in correspond 
ing non-uniformities in the siZes and Widths of device 
features. An eXposure latitude is a measure of the amount of 
error alloWed When forming the device features. This error 
arises from a number of sources other than the non-unifor 
mity in the intensity of the illumination light including, for 
eXample, the re?ection of light by the photoresist and layers 
on the Wafer, as Well as the amount of light absorbed by 
photoresist and the repeatability of energy for each eXpo 
sure. Semiconductor devices formed according to 0.25 pm 
design rules have eXposure latitudes of 10 to 20 percent. 
HoWever, for 0.18 pm design rules, the eXposure latitude 
may be 5 percent or less. 

[0010] A typical lithography apparatus presently has an 
illumination uniformity speci?cation of about 2 percent or 
less across the usable eXposure ?eld. This is a siZable portion 
of a 5% eXposure latitude, given that there are other sources 
of error Which are incorporated in the eXposure latitude. 
Thus, by decreasing illumination non-uniformity, it may be 
possible to provide more accurate devices. 

[0011] A large part of this non-uniformity arises from 
non-uniform or non-homogeneous characteristics of the 
lenses and other optical devices used in the photo lithogra 
phy apparatus. These deviations result in an uncorrected 
error in printed feature siZe for any particular lithography 
tool. HoWever, as feature siZes shrink, methods need to be 
found to reduce the errors caused by non-uniformity of the 
lenses and/or optical devices or those errors may contribute 
an increasingly signi?cant portion of the alloWed eXposure 
latitude. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a ?ltering 
member and a device using the ?ltering member to increase 
the illumination uniformity of light used to pattern a pho 
toresist layer on a semiconductor device. One embodiment 
of the invention is an apparatus for forming a pattern in a 
photoresist material. The apparatus includes a light source to 
provide light for illuminating a portion of the photoresist 
material according to the pattern and a ?lter member posi 
tioned in a path of the light. The ?lter member includes a 
plurality of regions With a ?ltering material disposed over 
the plurality of regions. The ?ltering material has a variable 
characteristic that is independently adjustable for each 
region to enhance the uniformity of the intensity of the light. 

[0013] Another embodiment of the invention is a method 
for forming a pattern in a photoresist material. The method 
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includes positioning a ?lter member in a light path of an 
illumination device. The ?lter member includes a plurality 
of regions and a ?ltering material disposed over the plurality 
of regions. The ?ltering material has a variable characteristic 
that is independently adjustable for each region to enhance 
the uniformity of the intensity of the light. The method also 
includes providing a mask in the light path. The mask has a 
predetermined pattern. Portions of the photoresist material 
are illuminated With light from the illumination device 
according to the predetermined pattern. 

[0014] A further embodiment is a method for making a 
semiconductor device. The method includes positioning a 
?lter member in a light path of an illumination device. The 
?lter member includes a plurality of regions With each 
region being independently formed With a ?ltering material. 
The variable characteristic of the ?ltering material is inde 
pendently manipulated to enhance uniformity and intensity 
of light from the illumination device. A mask is provided in 
the light path. The mask has a pattern. A photoresist is 
formed on the semiconductor device and portions of the 
photoresist layer are illuminated With light from the illumi 
nation device according to the pattern of the mask. The light 
passes through the ?lter member and the mask to illuminate 
the photoresist layer. 

[0015] Yet another embodiment is a method for forming a 
?lter member for use in an apparatus for patterning a 
photoresist material. The method includes forming a ?lter 
ing material over a substrate. A plurality of regions of the 
?lter member are then de?ned and, for each region, a portion 
of the ?ltering material is removed. 

[0016] Another embodiment is a method of forming a 
?lter member for use in an apparatus for patterning a 
photoresist material. Aplurality of regions on a substrate are 
de?ned and at least tWo electrodes are formed in contact 
With each region. A ?ltering material is formed over the 
substrate. An absorptivity characteristic of the ?ltering mate 
rial for the Wavelength region of interest depends on a 
magnitude of an electric ?eld Within the ?ltering material. 
The electric ?eld is provided by application of a potential 
difference betWeen the tWo electrodes. 

[0017] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The Figures and 
the detailed description Which folloW more particularly 
exemplify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0019] FIGS. 1a and 1b respectively illustrate a conven 
tional projection aligner and a conventional stepper in 
accordance With an aspect of the present invention; 

[0020] FIG. 2 is a structural representation of an apparatus 
for patterning a photoresist material in accordance With the 
present invention; 

[0021] FIG. 3 is a graphical representation of a top vieW 
of one embodiment of a ?lter member in accordance With the 

present invention; 
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[0022] FIG. 4 is a cross-section of tWo adjacent regions of 
the ?lter member of FIG. 3; 

[0023] FIG. 5 is a cross-section of tWo adjacent regions of 
another embodiment of a ?lter member in accordance With 
the present invention; 

[0024] FIG. 6 is a cross-section of tWo adjacent regions of 
a third embodiment of a ?lter member in accordance With 
the present invention; and 

[0025] FIG. 7 is a cross-section of tWo adjacent regions of 
a fourth embodiment of a ?lter member in accordance With 
the present invention. 

[0026] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of eXample in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0027] The present invention is believed to be applicable 
to methods and devices for patterning a device layer of a 
semiconductor device. In particular, the present invention is 
directed to improving the uniformity in intensity of light 
Which illuminates a photoresist layer on a semiconductor 
device. This improvement in uniformity is accomplished by 
providing a ?ltering member Which is divided into regions 
that have an individually adjustable ?ltering characteristic. 
While the present invention is not so limited, an appreciation 
of various aspects of the invention Will be gained through a 
discussion of the exemplary devices and processes provided 
beloW. 

[0028] FIG. 2 illustrates an optical system 200 for illu 
minating a semiconductor device 202 in order to pattern a 
photoresist layer 201 formed over a device layer of the 
semiconductor device 202. Although this particular optical 
system 200 is illustrated for use in a stepper device, such as 
that illustrated in FIG. 1b, it Will be appreciated that an 
optical system can be made according to the invention for 
use in a projection aligner, such as that illustrated in FIG. 
1a. 

[0029] The desired circuit pattern is typically provided on 
a mask 204 that is positioned on a reticle 206 of the optical 
system 200. In some embodiments, the mask 204 has the 
same scale as the desired circuit pattern on the semiconduc 
tor device 202. In other embodiments, hoWever, the mask 
204 has a signi?cantly larger scale (e.g., tWo to ?ve (or 
more) times larger) than the actual image of the pattern 
provided on the photoresist. In such embodiments, the light 
210 that passes through the mask and is directed toWard the 
semiconductor device 202 also travels through a reducing 
lens (not shoWn), or other optical device capable of reducing 
the image, either prior to or subsequent to traveling through 
the mask 204. 

[0030] The optical system 200 has a number of other 
elements. The optical system 200 has a light source 208 
Which provides light for illumination of the semiconductor 
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device 202. The light source 208 may include one or more 
individual light sources. These light sources may provide 
light that is either monochromatic (i.e. light having a single 
Wavelength or a relatively narroW band of Wavelengths) or 
polychromatic (i.e. light having tWo or more separate Wave 
lengths or a relatively large band of Wavelengths). Examples 
of monochromatic light sources are lasers or light emitting 
diodes (LEDs). Examples of polychromatic light sources are 
lamps, such as mercury or argon lamps, and incandescent or 
?uorescent lights. These polychromatic light sources might 
be considered ‘monochromatic’ if the light is subsequently 
?ltered to provide only a single narroW band of Wavelengths. 

[0031] Often, the photoresist is illuminated With light from 
the optical system 200 that has only a single Wavelength or 
a narroW band of Wavelengths. The photoresist is typically 
a material that is chemically or physically altered by illu 
mination With light having a speci?c Wavelength or range of 
Wavelengths. The choice of photoresist typically depends on 
the Wavelength of light used to form the pattern. The 
particular choice of Wavelength for illuminating the semi 
conductor device 202 depends on the siZe of the features that 
are to be patterned on the semiconductor device 202. Current 
0.25 pm generation design rules call, for example, for 
patterning 0.4 pm lines and spaces in metal interconnect 
layers. The exposure Wavelength for patterning a photoresist 
for 0.4 pm design rules is typically 365 nm. For more 
aggressive gate layer design rules, requiring 0.25 pm lines 
and spaces, the exposure Wavelength is 248 nm. 

[0032] Future semiconductor devices are expected to 
have, for example, gateWidths of 0.18 pm and metal line 
Widths and spaces of 0.3 pm. This typically requires light 
With shorter Wavelengths. One convenient Wavelength is 
248 nm, available from a KrF laser. Furthermore, semicon 
ductor devices may be designed With 0.13 pm or smaller 
gateWidths. These devices typically requires photoresist 
patterning With even shorter Wavelengths, including, for 
example, the 193 nm line of an ArF laser. 

[0033] Thus, the choice of the light source 208 and the 
photoresist 201 on the semiconductor device 202 often 
depends on the particular Wavelength of light that is to be 
used. In addition, the parameters and construction materials 
of other optical devices, including, for example, lenses and 
mirrors used in the optics of the optical system 200, may also 
depend on the Wavelength of light that is used. For example, 
lenses are typically made of a UV transparent material to 
operate at the Wavelengths described above. 

[0034] Returning to FIG. 2, light 210 is emitted by the 
light source 208 and then travels through one or more sets 
of optical devices 212, 214. Examples of such optical 
devices include ?lters, lenses, condensers, collimators, mir 
rors, and light extractors. These optical devices 212, 214 are 
used to collect, focus, and project the light along a de?ned 
path Within the optical system 200. A Wide variety of 
con?gurations of optical devices may be used in the optical 
system 200. The operation and combination of these devices 
is knoWn, as is their combination to form optical systems 
200, such as a projection aligner or a stepper, to pattern a 
photoresist on a semiconductor device. 

[0035] Certain of the optical devices 212 may used to 
decrease the non-uniformity of the light traveling through 
the optical system 200 by combining and spreading the light 
from different portions of the beam. Such devices may be 
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termed homogeniZers. Examples of suitable homogeniZers 
include a ?y’s eye lens or the like. 

[0036] Also often included in the optical system 200 is an 
optional light integrator 216 Which determines the total 
intensity of light being passed along the beam to the semi 
conductor device 202. It is often desirable that the light 
beam have greater than a threshold light intensity for illu 
minating the semiconductor device 202. OtherWise, a pho 
toresist 201 on the semiconductor device 202 may be 
insufficiently illuminated to completely form the pattern 
according to the mask 204. It may also be desirable to have 
an upper threshold limit on the intensity of light illuminating 
the photoresist 201 on the semiconductor device 202. Oth 
erWise, the photoresist 201 may be illuminated With too 
much light Which typically increases the feature siZe due, at 
least in part, to light scattered into regions that are not 
directly illuminated. The light integrator 216 is used to 
monitor the total intensity of the light beam to determine if 
too little or too much light is being generated. 

[0037] Despite all of the lenses and optical devices pro 
vided in the device 200 including, for example, the homog 
eniZer and the light integrator, it is found that light illumi 
nating the semiconductor device 202 typically has a 
variation in intensity of 12% or more. The variation in 
illumination intensity is due, at least in part, to non-homo 
geneous characteristics (e.g., imperfections) in the optical 
devices 212, 214 and the light source 208. These imperfec 
tions and non-homogeneous characteristics are often not 
entirely correctable by devices, such as the homogeniZer or 
light integrator. Furthermore, at least some of these non 
homogeneous characteristics are found in optical devices 
212, 214 further along the light path than the homogeniZer. 
[0038] To further correct these non-homogeneous charac 
teristics and imperfections, a ?lter member 218 is provided 
in the light path. One example of a ?ltering member 218 is 
graphically illustrated in FIG. 3. The ?ltering member 218 
is divided into a number of regions 220. These regions may 
have a variety of shapes including square (as shoWn in FIG. 
3), rectangular, diamond-shaped, spherical, or even irregu 
lar. Each of the regions 220 includes a ?ltering material 222 
Which is capable of absorbing or re?ecting at least some of 
the light 210. The ?ltering material is often formed on a 
substrate (as shoWn in FIGS. 4-7). The substrate is typically 
made of a material Which is transparent or uniformly absorbs 
or re?ect the light having the desired Wavelength. Suitable 
substrates include, for example, glass, transparent plastic, 
quartZ, fused silica, and calcium ?uoride. 
[0039] The ?ltering material 222 typically has a charac 
teristic that may be varied to alter the amount of light 
re?ected or absorbed. By choosing the correct amount of 
re?ection or absorption for each region, the uniformity in the 
illumination light intensity at the semiconductor device 202 
may be increased. In one example embodiment, the variation 
in the illumination light intensity is less than about 0.5%. 

[0040] Typically, the uniformity in light intensity is not 
determined for the light immediately exiting the ?lter mem 
ber 218. Rather, the uniformity is measured at the level of 
the photoresist 201. This alloWs the ?lter member 218 to 
correct the non-homogeneous characteristics of optical 
devices 212, 214 positioned both before and after the ?lter 
member 218 in the light path. 
[0041] There are a variety of characteristics 222 Which 
may be varied to increase the illumination intensity unifor 
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mity. Suitable characteristics include the thickness of the 
?ltering material 222; the siZe of the ?ltering material 222 
provided in each region 220 (e. g., the siZe of a dot of ?ltering 
material 222 as shoWn in FIG. 3); or the amount of current, 
voltage, electric ?eld, or magnetic ?eld applied to the 
?ltering material 222 in each region 220. Other character 
istics may also be used. 

[0042] The siZe of the regions 220 may be different for 
each ?lter member 218. For example, there may be 10 to 20 
regions per side, resulting in a total of 100 to 400 regions 
over the ?lter member 218. The actual number of regions 
typically depends on the desired resolution and the siZe of 
the ?lter member. Larger regions are typically easier to form 
and precisely control, hoWever, they also typically result in 
less uniformity of the illumination intensity. 

[0043] In some embodiments, the siZe of the regions may 
vary. For example, regions near the periphery of the ?lter 
member 218 may be smaller than those near the center of the 
?lter member 218, because there is more likely to be 
inhomogeneities near the edges of optical devices. 

[0044] A ?ltering material 222 is chosen that absorbs or 
re?ects light in the Wavelength range that is used to illumi 
nate and pattern the photoresist layer 201. Examples of 
suitable ?ltering materials include chromium oxide, chro 
mium metal, and molybdenum metal. Preferably, the vari 
able characteristic of the ?ltering material 222 provides for 
absorption or re?ection of the light over the Wavelength of 
interest as a linear or other de?nable function of the char 
acteristic. Typically, the ?ltering material 222 has an absorp 
tion or re?ection characteristic that alloWs transmission of 
light having the desired Wavelength at 50% or greater, 
preferably 75% or greater, and more preferably 90% or 
greater, over the desired range of the variable characteristic. 
This alloWs for ef?cient use of the light While retaining the 
?exibility to adjust the amount of light transmitted through 
each region to provide the desired illumination uniformity. 
HoWever, the minimum percentage of light that is transmit 
ted may vary depending on the range of non-homogeneous 
characteristics of the optical devices 212, 214. For example, 
in an optical system With 110% variance in illumination 
intensity prior to adding the ?lter member, the minimum 
transmitted light may be 80% or loWer, otherWise the entire 
range of variation (20% in this case) may not be compen 
sated. 

[0045] In some embodiments, the adjustable ?ltering 
material characteristic is the amount of ?ltering material 222 
provided on each region 220 of the ?lter member 218. For 
example, ?ltering material 222 may be provided at a uniform 
thickness at discrete points on a substrate material 224 of a 
?lter member 216 Which is divided into regions 220, as 
illustrated in FIGS. 3 and 4. In some embodiments, the 
uniformity in the thickness of the ?ltering material 222 may 
be relaxed to the extent that the ?ltering material 222 
absorbs all or nearly all (e.g., greater than 80% of the light) 
that directly intercepts the ?ltering material 222. In other 
embodiments, a signi?cant portion of the light is transmitted 
through the ?ltering material 222. 

[0046] The variability in the amount of ?ltering material 
222 provided in each region is provided by varying the 
amount of area of that region 220 covered by the ?ltering 
material 222. FIG. 4 illustrates tWo adjacent regions 220a, 
220b Which are covered by differing amounts of ?ltering 
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material 222. The region 220b With the smallest amount of 
?ltering material 222 typically transmits a greater amount of 
light than the region 220a With more ?ltering material 222. 
The ?ltering material 222 may be deposited on the substrate 
224 in the form of dots, as shoWn in FIG. 3, or With any 
other structure, including, for example, squares, rectangles, 
ovoids, or even irregular and/or discontinuous ?gures. Alter 
natively, the dots in FIG. 3 may correspond to the portions 
of each region 220 Which are not covered by ?ltering 
material 222. 

[0047] Because the light is non-uniformly transmitted 
over each region due to the presence of ?ltering material 222 
in some portions of each region 220, but not others, a 
homogeniZer is typically provided in the light path after the 
?ltering member 218. The homogeniZer may then combine 
the light and more evenly distribute it over the light path. 
Typical homogeniZers are capable of uniformly distributing 
light over small regions, but they are not as successful at 
distributing the light uniformly over the entire light beam. 
Thus, the homogeniZer can be used to even out the small 
scale variations caused by the ?lter member but may not be 
able to even out larger scale variations caused by optical 
device non-homogeneous characteristics. 

[0048] An exemplary method for forming the ?ltering 
member illustrated in FIGS. 3 and 4 includes forming a 
uniform layer of the ?ltering material 222 over the substrate 
224. The layer of ?ltering material 222 may be formed by a 
variety of techniques, including, for example, chemical 
vapor deposition (CVD), physical vapor deposition, plasma 
deposition, and sputtering. A photoresist layer (not shoWn) 
may be formed over the ?ltering material 222. The photo 
resist layer may be illuminated With light according to a 
pattern provided by a mask (not shoWn), by standard pho 
tolithographic methods. A portion of the photoresist layer 
and the device layer is then removed according to the pattern 
(e.g., the dots are formed as shoWn in FIG. 3). Avariety of 
techniques may be used for removing the portions of the 
layers, including, for example, Wet etching, dry etching, and 
plasma etching. The photoresist layer is then stripped aWay 
to leave the ?lter member 218. It Will be appreciated that 
other techniques may be used to form the ?lter member 218. 

[0049] The mask for making the ?lter member 218 may be 
characteriZed in a variety of Ways. For example, the illumi 
nation intensity in the plane of the semiconductor device 
may be mapped across the exposure ?eld by, for example, 
attaching a poWer meter probe to the stage of the exposure 
tool and incrementally positioned throughout the ?eld. 
Often, this mapping is performed under operating conditions 
as the illumination intensity may vary under changing 
conditions such as temperature, pressure, and the amount of 
time that the device has been operating. The mapping may 
be averaged over a period of time to represent an average of 
the illumination intensity. 

[0050] This map of the exposure region can be used to 
determine the composition of each of the regions of the ?lter 
member 218. In some embodiments, a one-to-one corre 
spondence betWeen regions of the ?lter member 218 and 
similar regions formed on the map can be used to determine 
the appropriate value of the adjustable characteristic for the 
?ltering material 222 in each region 220. In other embodi 
ments, more complex functions can be used to determine the 
adjustable characteristic including, for example, a Weighted 
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averaging (based on the distance from the corresponding 
region) of the illumination intensities of neighboring regions 
on the mapping. In some embodiments, tWo or more ?lter 
members 218 may be formed, each attempting to improve on 
the next, by testing each ?lter member and then using the 
measured illumination intensities to form the next ?lter 
member in the series. In other embodiments, (particularly, 
the ?ltering members Which rely on electrical characteris 
tics, as discussed beloW) the characteristics may be varied 
using the same ?lter member until a desired uniformity in 
illumination intensity is achieved. 

[0051] Another embodiment of a ?ltering member 300 is 
presented in FIG. 5 Which illustrates tWo adjacent regions 
320a, 320b. In this embodiment, the amount of ?ltering 
material 322 deposited on the substrate 324 for each region 
320a, 320b is varied by varying the thickness of the ?ltering 
material 322. This con?guration may be useful With a 
?ltering material 322 Which absorbs, rather than re?ects, 
light, as the absorption of light is typically a linear function 
of the distance that the light travels through the material, at 
least over a limited range of distances. 

[0052] One method for forming the ?lter member 300 
includes forming a uniform thickness of the ?ltering mate 
rial 322 over the substrate 324 and then masking portions of 
the ?ltering material 322 and etching the remainder of the 
?ltering material 322 for a period of time to remove a 
desired amount of material. The mask and etch process is 
performed several times. Those regions 320b Which are to 
have a thinner layer of ?ltering material 322 are left 
unmasked for more etching steps than the regions 320a With 
thicker layers of ?ltering material 322. The number of mask 
and etch steps determines the number of different thick 
nesses that may be found on the ?lter member 318. 

[0053] In another embodiment, illustrated in FIGS. 6 and 
7, each region 420a, 420b of the ?ltering member 400 has 
an electromagnetically-responsive ?ltering material 422 
deposited on a substrate material 424. The absorption of 
light by the ?ltering material 422 varies With an applied 
current, voltage, electric ?eld, and/or magnetic ?eld. 
Examples of such ?ltering materials include materials Which 
have a band gap that is a function of the applied current, 
voltage, electric ?eld, and/or magnetic ?eld. Examples of 
suitable materials include electrochromic materials, includ 
ing both organic and inorganic compounds. Examples of 
inorganic compounds include a variety of metal oxides, 
including, for example, tungsten oxide, molybdenum oxide, 
titanium oxide, tantalum oxide, iridium oxide, and nickel 
oxide. Examples of organic compounds include viologens, 
such as 1,1‘-diheptyl-4,4‘-bipyridinium dibromide, as Well as 
otolidine(4,4‘-diamino-3,3‘-dimethylbiphenyl) and 2-tert 
butylanthraquinone, and doped organic compounds, such as 
polyanaline, polypyrrole, polythiophene, and poly 
(isothianaphthalene). General discussion on these and other 
electrochromic materials is provided in Kirk-Othmer Ency 
clopedia of Chemical Technology, Fourth Ed., J. I. Krosh 
WitZ and M. HoWe-Grant eds., John Wiley & Sons, Vol. 6, 
p. 312-321 (1993) and the articles cited therein, the text 
thereof being incorporated herein by reference. 

[0054] Each region 420 of the ?lter member 400 has tWo 
(or more) electrodes 426, 428 separated by portion 430 and 
associated With the region. It is through these electrodes that 
a current, voltage, or electric ?eld may be applied. If a 

Oct. 4, 2001 

variable magnetic ?eld is used to adjust the absorptivity of 
the ?ltering material 422, then only a single current bearing 
line (not shoWn) is needed (although more than one line may 
be used). Electric ?eld manipulation of the ?ltering material 
422 may be desirable over magnetic ?eld manipulation, 
because an electric ?eld can typically be provided at loWer 
poWer. 

[0055] The electrodes 426, 428 or current bearing line (not 
shoWn) are attached to external electronics (not shoWn) that 
provide the voltage or current needed to apply the voltage, 
current, electric ?eld, or magnetic ?eld to the ?ltering 
material 422. A variety of different electrode con?gurations 
may be used. For example, transparent electrodes, for 
example, electrodes made using thin layers of materials such 
as indium tin oxide, are used. FIGS. 6 and 7 illustrate tWo 
other possible con?gurations. The electrodes 426, 428 may 
be provided in the substrate 424, as illustrated in FIG. 6. 
These electrodes may be formed, for example, by etching 
traces in the substrate 424 and then ?lling those traces With 
a conductive material, including, for example, metals, 
alloys, conductive polymers, or semiconductors. 

[0056] As another example, the electrodes 426, 428 are 
formed on the substrate and adjacent to the ?ltering material 
422, as illustrated in FIG. 7. These electrodes may be 
formed, for example, by etching traces into the ?ltering 
material 422 and then ?lling the traces With a conductive 
material. Another method for making the electrodes, 426, 
428 is to deposit the electrodes 426, 428 prior to forming the 
?ltering material 422 on the substrate 424. 

[0057] Ideally, the conductive material that forms the 
electrodes 426, 428 is transparent to light having the Wave 
length of interest so that the conductive material does not 
absorb or re?ect the light from the light source. HoWever, 
this is not alWays possible. Typically, at least some of the 
light is re?ected or absorbed by the electrodes 426, 428. 
Thus, light from the ?lter member 400 may be directed 
through a homogeniZer to remove the non-uniformities 
introduced in the light beam due to the electrodes 426, 428. 
To reduce the effect of the electrodes 426, 428 on the light 
beam, the electrodes may be formed as thin as possible, 
consistent With the amount of current Which carried by the 
electrodes 426, 428. Furthermore, the electrodes 426, 428 
may be formed so that they present a small cross-section to 
the light beam (i.e., the length of the electrode parallel to the 
direction of the light beam may be larger than the Width of 
the electrode perpendicular to the direction of the light 
beam), as shoWn in FIG. 7. 

[0058] In operation, a potential may be developed across 
the electrodes 426, 428 to form a voltage drop, current, or 
electric ?eld. In some embodiments, one of the electrodes is 
held at ground and the potential of the other electrode is 
varied depending on the desired amount of absorptivity. The 
grounded electrode may be used by tWo or more regions 
simultaneously. Each region may be provided With a sepa 
rate varying-potential electrode. To obtain a magnetic ?eld, 
an appropriate current is applied to the current bearing line. 

[0059] An insulating layer 430 is optionally placed 
betWeen the regions. The insulating layer 430 is typically 
formed of a material Which is less conductive than the 
?ltering material 422. Alternatively, the electrodes of neigh 
boring regions may be evenly spaced apart so that a voltage, 
current, or electric ?eld is formed in the region betWeen the 
electrodes according to the potentials of the electrodes. 
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[0060] The potential on each of the electrodes (or the 
current on the current-bearing Wire, if a variable magnetic 
?eld is used) is often controlled by a processor. This 
particular con?guration of an optical system alloWs for 
real-time variation of the light transmitted through the 
regions. Thus, if neW illumination intensity data is available, 
a different con?guration of regions in the ?lter member may 
be formed based on the neW data. Using the con?guration 
exempli?ed by FIGS. 6 and 7, neW customiZed ?lter 
member Would not be necessary for each different light 
source or optical system. An appropriate ?lter member could 
be formed based on illumination measurements and appro 
priate adjustments to the potentials or currents associated 
With each region. 

[0061] The present invention should not be considered 
limited to the particular eXamples described above, but 
rather should be understood to cover all aspects of the 
invention as fairly set out in the attached claims. Various 
modi?cations, equivalent processes, as Well as numerous 
structures to Which the present invention may be applicable 
Will be readily apparent to those of skill in the art to Which 
the present invention is directed upon revieW of the instant 
speci?cation. The claims are intended to cover such modi 
?cations and devices. 

We claim: 
1. A method for forming a pattern in a photoresist mate 

rial, comprising: 
positioning a ?lter member in a light path of an illumi 

nation device, the ?lter member comprising a plurality 
of regions and a ?ltering material disposed over the 
plurality of regions, the ?ltering material having a 
variable characteristic that is independently adjustable 
for each region to enhance the uniformity of the inten 
sity of the light; 

providing a mask in the light path, the mask having a 
pattern; and 

illuminating, according to the pattern, portions of a pho 
toresist material With light from the illumination device 
having a variation in intensity of 0.5% or less, the light 
passing through the ?lter member and the mask. 

2. A method for making a semiconductor device, the 
method comprising: 

positioning a ?lter member in a light path of an illumi 
nation device, the ?lter member comprising a plurality 
of regions, each region being independently formed 
With a ?ltering material, a variable characteristic of the 
?ltering material being independently manipulated to 
enhance uniformity in intensity of light from the illu 
mination device; 

providing a mask in the light path, the mask having a 
pattern; 

forming a photoresist layer on the semiconductor device; 
and 

illuminating portions of the photoresist layer With the 
light from the illumination device according to the 
pattern, the light passing through the ?lter member and 
the mask to illuminate the photoresist layer. 

3. The method of claim 2, Wherein the light from the 
illumination device varies in intensity by 0.5% or less over 
the portions of the photoresist layer that are illuminated. 
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4. The method of claim 2, Wherein the method further 
comprises forming a device layer on the semiconductor 
Wafer. 

5. The method of claim 4, Wherein forming a photoresist 
layer comprises forming a photoresist layer over the device 
layer. 

6. The method of claim 2, Wherein forming the photoresist 
layer comprises forming the photoresist layer over a sub 
strate of the semiconductor device. 

7. The method of claim 2, further comprising removing a 
portion of the photoresist layer according to the pattern. 

8. The method of claim 7, further comprising removing a 
portion of a device layer under the photoresist layer accord 
ing to the pattern. 

9. A method for forming a ?lter member for use in an 
apparatus for patterning a photoresist material, the method 
comprising: 

forming a ?ltering material over a substrate; 

de?ning a plurality of regions of the ?lter member, each 
region having a portion of the ?ltering material; and 

for each region of the ?lter member, removing a portion 
of the ?ltering material so that, When the ?lter member 
is used in the apparatus, light that passes through the 
?lter member and illuminates the photoresist material 
has an intensity that varies by 0.5% or less. 

10. The method of claim 9, Wherein the ?ltering material 
comprises chromium oxide. 

11. The method of claim 10, Wherein, after a portion of the 
?ltering material has been removed, at least 90% of light is 
transmitted by each region of the ?lter member. 

12. The method of claim 9, Wherein removing a portion of 
the ?ltering material comprises removing a portion of the 
?ltering material in each region to eXpose a portion of the 
substrate, a relative siZe of the ?ltering material Which is 
removed determining the proportion of light transmitted 
through the region. 

13. The method of claim 9, Wherein removing a portion of 
the ?ltering material comprises decreasing a thickness of the 
?ltering material in each region, the thickness of the ?ltering 
material determining the proportion of light transmitted 
through the region. 

14. A method of forming a ?lter member for use in an 
apparatus for patterning a photoresist material, the method 
comprising: 

de?ning a plurality of regions on a substrate; 

forming at least tWo electrodes in contact With each 
region; and 

forming a ?ltering material over the substrate, Wherein an 
absorptivity characteristic of the ?ltering material for 
the Wavelength region of interest depends on a mag 
nitude of an electric ?eld Within the ?ltering material, 
the electric ?eld being provided by application of a 
potential difference betWeen the tWo electrodes so that, 
When the ?lter member is used in the apparatus, light 
that passes through the ?lter member and illuminates 
the photoresist material has an intensity that varies by 
0.5% or less. 
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15. The method of claim 14, wherein one of the at least 
tWo electrodes is commonly used by at least tWo regions. 

16. The method of claim 14, Wherein the ?ltering material 
comprises a material With a band gap that depends on the 
magnitude of the electric ?eld in the ?ltering material. 

17. A method of forming a pattern in a photoresist 
material, the apparatus comprising: 

illuminating a portion of the photoresist material accord 
ing to a pattern; and 

positioning a ?lter member in a path of the light, the ?lter 
member comprising a plurality of regions and a ?lter 
ing material disposed over the plurality of regions and 
extending to a border of the ?lter member, the ?ltering 
material having a variable characteristic that is inde 
pendently adjustable for each region to enhance the 
uniformity of the intensity of the light. 

18. The method of claim 17, Wherein the ?ltering material 
comprises a UV light-absorbent material and the variable 
characteristic of the ?ltering material comprises a thickness 
of the UV light absorbent material. 

19. The method of claim 18, Wherein the ?ltering material 
comprises chromium oXide. 
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20. The method of claim 18, Wherein the thickness of the 
?ltering material is varied in each region by etching the 
?ltering material for a variable period of time. 

21. The method of claim 17, Wherein the variable char 
acteristic comprises an electrical state of the ?ltering mate 
rial, the electrical state of the ?ltering material comprises a 
magnitude of an electrical ?eld in the ?ltering material. 

22. The method of claim 17, Wherein the ?ltering member 
further comprises at least tWo electrodes in contact With the 
?ltering material of the region for each of the plurality of 
regions. 

23. The method of claim 22, Wherein the ?ltering member 
further comprises a substrate, the ?ltering material being 
formed over the substrate and the at least tWo electrodes 
being formed in the substrate and under the ?ltering mate 
rial. 

24. The method of claim 22, Wherein the ?ltering member 
further comprises a substrate, the ?ltering material being 
formed over the substrate and the at least tWo electrodes 
being formed adjacent to the ?ltering material and over the 
substrate. 


