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SELECTIVE DEPOSITION OF MATERIAL ON A 
SUBSTRATE ACCORDING TO AN 

INTERFERENCE PATTERN 

[0001] This application is a continuation-in-part applica 
tion of US. patent application Ser. No. 09/542,256, ?led 
Apr. 3, 2000. 

[0002] The present invention relates generally to methods 
of patterning by preferential deposition of material accord 
ing to an interference pattern directed onto a substrate, and 
to articles made by the method. 

BACKGROUND 

[0003] Many techniques have been developed for pattern 
ing deposited material on a substrate. A large number of 
these techniques involve the use of masks to create the 
desired pattern. For example, material can be deposited over 
a mask on a substrate. The mask can then be removed, 
leaving material on those portions of the substrate that Were 
left exposed by the mask. Other techniques involve forming 
a uniform coating of material, placing a mask over the 
coating, etching the portions of the coating exposed by the 
mask, and removing the mask. In many cases, and especially 
in situations Where the pattern dimensions are small, the 
mask is made by photolithographic techniques. Photolithog 
raphy typically entails coating a photoresist layer, selec 
tively exposing the photoresist to light, developing the 
photoresist, and removing the developed (or undeveloped) 
portions of the photoresist. These steps create the mask. 
Including the mask-making steps, mask-based patterning 
techniques typically require many processing steps, each of 
Which can be time consuming. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides methods of pattern 
ing materials on a substrate, for example to form Wire grid 
type re?ectors and/or polariZers or other optical elements. 
The present invention involves selectively heating a sub 
strate according to the maxima and minima of an interfer 
ence pattern directed onto the substrate. Material can be 
preferentially deposited on the substrate based on the tem 
perature differences created by the interference pattern. 
Methods of the present invention can be used to selectively 
deposit materials Without the use of a mask. Methods of the 
present invention can also be used to pattern substrates in 
just a feW, or even in one, steps. Methods of the present 
invention can also be used to deposit superimposed pat 
terned structures on the same substrate by either serially or 
simultaneously depositing material according to different 
interference patterns. 

[0005] In one aspect, the present invention provides a 
method for preferentially depositing material on a substrate 
surface to make a Wire grid optical element, Which includes 
the steps of directing an electromagnetic interference pattern 
onto the substrate surface to preferentially heat selected 
portions of the substrate surface according to the interfer 
ence pattern, and selectively depositing conductive material 
on the substrate surface according to the interference pattern 
by exposing the substrate to the conductive material in the 
gas phase, the material capable of preferentially accumulat 
ing as a function of surface temperature. 

[0006] In some embodiments, mutually coherent beams 
can be overlapped on the substrate surface to form the 
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interference pattern, and material can be deposited to form 
structures having dimensions roughly determined by the 
dimensions of the interference pattern. In these embodi 
ments, structures that have dimensions and/or spacings that 
are smaller than the spot siZe of the overlapped beams can 
be deposited on the substrate Without using a mask. 

[0007] The present invention also provides a method for 
preferentially depositing material on a substrate surface by 
directing tWo or more mutually coherent electromagnetic 
beams onto a region of the substrate surface to form an 
electromagnetic interference pattern that preferentially heats 
portions of the substrate surface according to the interfer 
ence pattern, Wherein a cylindrical lens is placed in the path 
of at least one of the electromagnetic beams; and selectively 
depositing material on the substrate surface according to the 
interference pattern by exposing the substrate to the material 
in the gas phase, the material capable of preferentially 
accumulating as a function of surface temperature. Other 
optical elements can be placed in the path of one or more of 
the beams, instead of or in addition to cylindrical lenses, 
including microlenses, microlens arrays, microprisms, dif 
fraction gratings, diffractive optical elements, spherical 
lenses, aspherical lenses, acylindrical lenses, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 schematically shoWs elements in a system 
for performing a method of the present invention. 

[0009] FIG. 2 schematically shoWs preferential deposition 
according to one embodiment of the present invention. 

[0010] FIG. 3(a) schematically shoWs a system for form 
ing an interference pattern on a substrate. 

[0011] FIG. 3(b) schematically shoWs another system for 
forming an interference pattern on a substrate. 

DETAILED DESCRIPTION 

[0012] Methods of the present invention pertain to pref 
erentially depositing material on a substrate. These methods 
generally involve heating selected areas of a substrate by 
directing an interference pattern of electromagnetic radia 
tion onto the substrate. High intensity regions of the inter 
ference pattern can locally heat the substrate Whereas areas 
of the substrate corresponding to loW intensity regions of the 
interference pattern can remain relatively cooler. Accord 
ingly, a surface temperature pro?le can be created that 
generally corresponds to the interference pattern. That is, 
higher temperature areas generally correspond to high inten 
sity regions of the interference pattern and loWer tempera 
ture areas generally correspond to loW intensity regions of 
the interference pattern. 

[0013] Wire grid optical elements can be made by selec 
tive deposition according to the temperature pro?le set up by 
the interference pattern. Selective deposition generally 
involves exposing the substrate to gas phase material 
capable of preferentially accumulating on the surface as a 
function of the surface temperature differences Within the 
temperature pro?le created by the interference pattern. For 
example, material that has a sticking coef?cient that varies 
With temperature over the range of temperatures created by 
the interference pattern can be vapor deposited on the 
substrate. As another example, a reactive gas can be used 
(such as those reactive gasses useful in chemical vapor 
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deposition processes) that has a temperature threshold for 
reaction and material deposition that lies betWeen the high 
est and loWest surface temperatures Within the temperature 
pro?le created by the interference pattern. 

[0014] By heating the substrate according to an electro 
magnetic interference pattern, various periodic, repeating, or 
other multiple structures can be selectively deposited on the 
substrate, Whereby the lateral dimensions and/or spacings of 
the structures are smaller than the spot siZe of the electro 
magnetic radiation. This distinguishes from conventional 
laser chemical vapor deposition (LCVD) processes Where 
the lateral dimensions of deposited structures roughly cor 
responds to laser spot siZe. Patterned structures can thus be 
directly deposited having spacings that are quite small, for 
eXample less than a Wavelength of visible light. This can be 
particularly useful in making Wire grid optical elements. 

[0015] Components that can be included in a system 
useful in performing methods of the present invention are 
schematically depicted in FIG. 1. The system can include an 
electromagnetic radiation source 100, an interference pattern 
generating means 104, and a substrate 108. Typically, at least 
the substrate is contained in a vacuum chamber, or other 
deposition chamber, for eXposure to the deposition material. 
Other components of the system can reside in the deposition 
chamber or outside the deposition chamber. Generally, the 
radiation source remains outside the deposition chamber. 

[0016] Depending on the con?guration of the system, 
interference pattern generating means 104 can be remote 
from substrate 108 or coincident With the surface of sub 
strate 108. For eXample, if a diffraction grating is used as the 
interference pattern generating means, it might typically be 
positioned at a distance from the substrate 108, and betWeen 
the radiation source 100 and the substrate 108. If mutually 
coherent beams are overlapped as the interference pattern 
generating means, the overlapping Will generally take place 
at least at the surface of the substrate. 

[0017] Depending on the con?guration, various optical 
components such as lenses, apertures, beam splitters, slits, 
gratings, mirrors, ?lters, other such components or combi 
nations thereof can be positioned betWeen the radiation 
source 100 and the interference pattern generating means 
104. In a similar manner, various optical components can be 
positioned betWeen interference pattern generating means 
104 and substrate 108, such as in those con?gurations Where 
the interference pattern generating means is not coincident 
With the substrate surface. 

[0018] Radiation source 100 can be any suitable source 
that produces electromagnetic radiation capable of forming 
an interference pattern that can be used to selectively heat 
the surface of a substrate. Suitable sources include lasers, 
lamps, electron beams, ion beams, and the like. Exemplary 
radiation sources include monochromatic sources or sources 

that emit radiation over a relatively narroW Wavelength 
band. Radiation sources that emit multiple Wavelengths or 
multiple resolved Wavelength bands many also be used. 
Lasers can be particularly useful. Laser sources can provide 
a source of coherent, collimated light With sufficient inten 
sity to heat areas of a substrate. Laser radiation may be 
continuous or pulsed as desired for a particular application. 

[0019] The choice of a particular type of radiation source, 
including the Wavelength of the incident radiation, the 
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intensity of the incident radiation, and other such character 
istics, can depend on the method of forming the interference 
pattern, the type of substrate being used for deposition, the 
material being deposited, the deposition method, and the 
dimensions, spacings, and shapes of the structures to be 
deposited on the substrate. For eXample, an ultraviolet laser 
such as an eXcimer laser might be a suitable choice for 
selectively heating a glass substrate. In general, lasers can be 
a particularly suitable choice for systems Where the inter 
ference pattern is to be generated by overlapping tWo or 
more mutually coherent beams at the substrate surface. For 
these systems, beam splitters and/or mirrors can be used in 
the optical path to split the laser into tWo or more mutually 
coherent beams that can be suitably overlapped at the 
substrate surface. 

[0020] Referring again to FIG. 1, interference pattern 
generating means 104 can be any suitable optical compo 
nent, combination of optical components, or any suitable 
methodology for forming an electromagnetic interference 
pattern. For eXample, as discussed above, a laser beam can 
be split and recombined at a substrate surface. The Wave 
length or Wavelengths of the incident radiation and the angle 
betWeen the tWo beams as they are overlapped at the 
substrate surface can be used to determine the interference 
fringe pattern formed at the surface. Multiple beam splitters 
can be used to create more than tWo mutually coherent 
beams. For eXample, four mutually coherent beams can be 
generated and suitably overlapped to create a tWo-dimen 
sional interference pattern (such as a grid or a pattern of 
dots). Slits, diffraction gratings, and the like can also be used 
to form interference patterns. In the case of slits and dif 
fraction gratings, a single beam can be used to form an 
interference pattern that can then be projected onto the 
substrate surface, for eXample by a series of lenses. 

[0021] Various optical components can be disposed 
betWeen the electromagnetic radiation source and the inter 
ference pattern generating means. For eXample, beam split 
ters can be used to form multiple similar beams, mirrors can 
be used to redirect beams, apertures can be used to shape 
beam cross-sections, and lenses can be used to focus beams, 
eXpand beams, and shape beam pro?les. Various combina 
tions of these and other optical components can be used. 

[0022] Referring again to FIG. 1, substrate 108 can 
include any substrate having a surface that is capable of 
being heated by the selected incident radiation. Useful 
substrates can include those that include one or more of the 
folloWing characteristics: they can be glass, plastics and 
other organic materials, or metals and other inorganic mate 
rials such as semiconductors and ceramics; they can be 
plate-like, ?lm-like, rigid, or ?exible; they can be visibly 
opaque, translucent, or transparent; and they can include 
other such characteristics or suitable combinations thereof. 
Substrates having native surfaces that might not otherWise 
adequately absorb incident radiation can be coated With one 
or more layers of material to form a surface that can be 
adequately heated by the incident radiation. For eXample, a 
metal layer can be coated onto a glass substrate to increase 
the ability for the substrate to absorb incident radiation. 
HoWever, glass substrates may adequately absorb incident 
radiation even Without having eXtra layers, for eXample 
When ultraviolet light is used to form the interference 
pattern. 
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[0023] As mentioned, various substrate constructions can 
be used. Typically, the substrate Will include one or more 
layers of the same or different materials and Will be in the 
form of a rigid or semi-rigid plate or a ?exible or semi 
?exible ?lm. The type of substrate materials and construc 
tions used can depend on compatibility With the radiation 
used to form the interference pattern, compatibility With 
deposited material, compatibility With any pre- or post 
deposition processes (such as heating steps, radiating steps, 
coating steps, etching steps, plating steps, and the like), and 
compatibility With end-use applications. For example, sub 
strates transparent to visible light may be selected as sub 
strates for preferential deposition according to the present 
invention When the intended end use of the pattern includes 
Wire grid optical elements that transmit at least a portion of 
visible light. 

[0024] It may also be desired to dispose an antire?ective 
coating on one or both sides of the substrate, typically before 
preferential deposition. For example, When methods of the 
present invention are used to make visible light polariZing 
Wire grid optical elements, disposing an antire?ective coat 
ing on the substrate can increase the amount of light trans 
mitted by the element. 

[0025] Because the siZe and pitch of the interference 
pattern can be quite small, it may be advantageous to use 
substrates that have in-plane thermal conductivities loW 
enough to maintain temperature differences betWeen regions 
exposed to interference pattern maxima and regions exposed 
to interference pattern minima that are sufficient to alloW 
preferential accumulation of material according to the inter 
ference pattern. It may also be useful to employ substrates 
that have higher thermal conductivities through the thick 
ness of the substrate (Z-axis) as compared to the in-plane 
thermal conductivity at the surface of the substrate. Higher 
Z-axis thermal conductivities as compared to in-plane ther 
mal conductivities can promote heat transfer through the 
substrate rather than to adjacent, cooler regions on the 
surface of the substrate. This can help maintain the tem 
perature pro?le created by the interference pattern. It may 
also be useful to employ substrates that have anisotropic 
thermal conductivities in the plane of the substrate at the 
surface of the substrate. For example, When linear structures 
are being deposited coincident With a linear interference 
fringe pattern, it may be useful to employ substrates With 
anisotropic in-plane thermal conductivities and to align the 
high thermal conductivity direction With the interference 
pattern fringe direction. 

[0026] According to methods of the present invention, 
materials can be preferentially deposited onto regions of the 
substrate according to the interference pattern directed onto 
the substrate. Suitable deposition methods include any 
method Whereby material can be preferentially accumulated 
on the substrate surface as a function of surface temperature 
for temperatures Within the range created by the interference 
pattern. Materials that can be deposited include any material 
that can be condensed in a temperature-dependent manner 
onto a surface to form a ?lm or layer. Particularly suited 
materials include metals (e.g., copper, gold, silver, alumi 
num, nickel, platinum), metal alloys, metal oxides, metal 
sul?des, semi-metals (e.g., carbon, silicon, germanium), 
semi-metal oxides, and other such materials and combina 
tions thereof. 
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[0027] One deposition method that can be suitable for 
preferentially depositing material in methods of the present 
invention is laser chemical vapor deposition (LCVD). 
LCVD generally involves exposing a substrate to a reactive 
gas While exposing a portion of the substrate to a laser beam. 
The laser beam heats the exposed portion of the substrate 
above a threshold temperature at Which the reactive gas can 
react, leaving material deposited on the surface from the gas 
phase. LCVD has been used to “Write” metallic lines on a 
substrate, for example, by moving the laser beam along a 
path on the substrate surface. The Width of the metallic line 
roughly corresponds to the diameter of the laser spot at the 
surface. 

[0028] In methods of the present invention, an electro 
magnetic interference pattern can be used to preferentially 
heat areas of the substrate according to the interference 
pattern. The interference pattern can include features (e.g., 
lines, dots, grids, etc.) that have dimensions that are smaller 
than the spot siZe of the incident radiation on the substrate. 
The interference pattern can be used to create hotter and 
cooler areas on the substrate, as discussed above. Using an 
appropriate reactive gas, material can preferentially react 
and accumulate at the hotter areas created by the interference 
pattern directed onto the substrate. FIG. 2 illustrates this 
concept. FIG. 2 schematically shoWs tWo mutually coherent 
electromagnetic beams 200 and 201 overlapping on the 
surface of substrate 220 to form interference pattern 210. 
The interference pattern 210 is characteriZed by a series of 
maxima 212 and minima 214 in intensity. The interference 
pattern can set up a surface temperature pro?le that has a 
similar series of local temperature maxima and minima. 
Under suitable conditions, the threshold temperature at 
Which chemical vapor deposition can occur can lie betWeen 
the local temperature maxima and local temperature 
minima. Deposited material 218 can thus preferentially 
accumulate in those regions Where the temperature exceeds 
the threshold temperature. 

[0029] More conventional deposition methods can also be 
used in the present invention. For example, physical vapor 
deposition techniques can be used to deposit material. Gen 
erally, physical vapor deposition involves the condensing of 
material from the gas phase on surfaces With rates of 
accumulation that are typically faster on cooler surfaces than 
on hotter surfaces. In the present invention, material can be 
condensed onto the area of the substrate irradiated With the 
interference pattern, preferentially accumulating on the 
cooler regions in that area. 

[0030] Deposition methods other than physical vapor 
deposition and chemical vapor deposition can also be used 
that result in material being preferentially accumulated 
according to the interference pattern directed onto the sur 
face of the substrate. Exemplary deposition methods include 
those Where conductive material can be preferentially depos 
ited according to surface temperature differences to form 
Wire grid optical elements. 

[0031] As discussed above, interference patterns can be 
generated in a variety of Ways. An exemplary manner is by 
overlapping tWo or more mutually coherent electromagnetic 
beams, such as laser beams, on the substrate surface. Mutu 
ally coherent beams can be generated, for example, by 
splitting a laser beam using one or more beam splitters and 
then recombining the beams at the substrate surface. FIG. 
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3(a) schematically shows a system Where a beam from a 
laser 300 is split by beam splitter 302 into tWo beams, 
labeled A and B. Beam A can folloW an optical path Where 
it is expanded by optional lens 304A, redirected by optional 
mirror 306A and directed onto substrate 310. Other optical 
components can optionally be used in the optical path of 
beam A, as discussed above. Beam B can likeWise folloW an 
optical path Where it is expanded by optional lens 304B, 
redirected by optional mirror 306B and directed onto sub 
strate 310. Beams A and B are directed onto substrate 310 so 
that they overlap in an area on the surface. The spacing of 
the interference pattern on the substrate surface can be 
determined by the angle 0 betWeen beams A and B as they 
overlap at the substrate surface and the Wavelength of the 
beams. 

[0032] Overlapping mutually coherent beams to form an 
interference pattern can be quite sensitive to small changes 
in position or angle of the substrate. It is thus preferred that 
the substrate remain in a ?xed position relative to the rest of 
the optical system during exposure. It is also preferred that 
care is taken to adequately isolate the system from vibrations 
that can alter the interference pattern during exposure. 

[0033] Interference fringes formed by overlapping mutu 
ally coherent beams can also be quite sensitive to small 
height variations on the substrate surface. In some applica 
tions, it may be preferred to minimiZe the surface roughness 
of the substrate. In other applications, it may be desired to 
utiliZe surface contours (Whether those contours are 
designed or unintended) to alter the positions or shapes of 
the interference fringes on the surface. 

[0034] Another Way of overlapping mutually coherent 
electromagnetic beams is by placing one or more mirrors at 
angles With the substrate surface in positions so that a 
portion of a laser beam, for example, is incident on the one 
or more mirrors and another portion of the laser beam is 
incident directly on the substrate. This concept is illustrated 
in FIG. 3(b). Here a laser 300‘ produces a beam that can 
optionally be expanded by lens 320, reshaped by one or 
more apertures (not shoWn), redirected by mirrors (not 
shoWn), and the like. The beam is then directed toWard 
substrate 310 and mirror 322. Mirror 322 is positioned and 
oriented so a portion of the beam is incident on the mirror 
and re?ected onto the substrate, and so that a portion of the 
beam is incident directly on the substrate. The tWo portions 
of the beam overlap and form an interference pattern on the 
substrate surface. As With the beam splitter system above, 
the dimensions of the interference pattern can be determined 
by the angle betWeen the beam portions during overlap and 
the Wavelength of the beams. 

[0035] Other means of forming interference patterns 
include projecting a remotely generated interference pattern 
onto the substrate. For example, an interference pattern may 
be formed by diffracting one or more light beams and then 
suitably projecting the fringes onto the substrate. In this 
case, the dimensions of the interference pattern at the surface 
of the substrate depend on the diffraction grating and any 
magni?cation, demagni?cation, distortion, ?ltering, or other 
alteration of the interference pattern siZe or shape before 
reaching the substrate. 

[0036] TWo or more sets of interference patterns having 
different pitches and/or different patterns and/or orientations 
can be directed onto the same substrate either simulta 
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neously or serially. This can alloW structures deposited 
according to different patterns to be formed serially or 
simultaneously on the same substrate. This can be accom 
plished by using tWo or more radiation sources, or sets of 
radiation sources, each having a different Wavelength, or by 
using one or more radiation sources that each emit more than 

one Wavelength. 

[0037] Interference patterns can also be modi?ed by the 
use of lenses and/or apertures in the optical path. For 
example, parallel interference fringes having a chirped 
period can be formed by placing a cylindrical lens in the path 
of at least one beam, the cylindrical lens oriented so that its 
uniform axis is parallel to the substrate surface. Chirped 
interference patterns are those that have fringe spacings that 
vary, for example Where the spacing betWeen fringes 
becomes smaller With each successive fringe. The chirp rate 
of the interference pattern (i.e., the percentage change in 
pitch for successive fringes) can be controlled by one or 
more of changing the focal length of the cylindrical lens, 
changing the distance betWeen the lens and the plane of 
interference, or placing another cylindrical lens (of similar 
orientation) in the path of the second beam. 

[0038] Curved interference fringes With uniform pitch can 
also be obtained by using a cylindrical lens in the path of one 
or more of the beams. To achieve curved fringes, the 
cylindrical lens should be oriented so that its uniform axis 
makes a nonZero and non-perpendicular angle With the 
substrate surface normal axis. For example, starting With a 
cylindrical lens orientation that Would lead to chirped 
fringes, the lens is then rotated 90° about an axis parallel to 
the propagation direction of the beam passing through the 
lens. In such a con?guration, the radius of curvature of the 
interference pattern can be controlled by the focal length of 
the cylindrical lens and the distance betWeen the lens and the 
substrate. 

[0039] One or more cylindrical and/or spherical lenses can 
be placed in the path of one or more of the beams to create 
interference fringes that are both curved and chirped. 
Aspheric or acylindrical lenses can also be used to generate 
fringe patterns having different chirped or curved pro?les as 
compared to those resulting from the use of cylindrical and 
spherical lenses. 

[0040] Micro-optical elements can also be used to alloW 
for simultaneous formation of more than one type of inter 
ference pattern. For example, a ?at transparent substrate 
having on its surface a small prism can be placed in the path 
of one beam to generate a small rectangular region of 
parallel interference fringe lines that have a different peri 
odicity than the fringes in the surrounding region. Micro 
lenses and microlens arrays can also be used to simulta 
neously generate a plurality or an array of small regions of 
curved and chirped fringes in a manner similar to that 
described above. 

[0041] A diffractive optical element (alternatively knoWn 
in the literature as a holographic optical element or a 
computer-generated hologram) can be placed in one or more 
of the beams to create a desired interference fringe pattern. 
A diffractive optical element includes a surface-relief pro?le 
on a transparent (or re?ective) substrate that modi?es the 
optical phase of an impinging Wavefront. Such a diffractive 
element behaves like a lens that has an arbitrary, yet con 
trollable optical shape. The depth of the surface-relief struc 
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ture (typically, though not always, on the order of an optical 
Wavelength) allows the diffractive element to be very thin 
and (When fabricated as a multi-level diffractive optical 
element) to operate With greater than 95% diffraction ef? 
ciency at the design Wavelength. In addition, the amplitude 
of the light transmitted through a transparent diffractive 
optical element can be modulated. For example, metal 
deposited in certain regions on the surface of the diffractive 
element can be used to block the light, thereby thus creating 
no interference fringes in the corresponding location at the 
interference plane. 

[0042] Other optical components not described above can 
also be used to alter the fringe shape, siZe, orientation, 
spacing, etc. of the interference pattern. 

[0043] As discussed, methods of the present invention can 
be used to preferentially deposit material on a substrate to 
form structures useful for Wire grid optical elements that 
have dimensions corresponding to an interference pattern 
directed onto the substrate. The deposited structures can 
include a series of evenly spaced parallel lines, a series of 
parallel lines With varying pitch, a series of curved lines of 
uniform pitch, a series of curved lines of varying pitch, a 
grid pattern (e.g., crosshatched pattern), a pattern of dots, or 
other combinations of patterns that can be formed on a 
surface by one interference pattern or by tWo or more 
overlapped or superimposed interference patterns. The 
structures can also be made having symmetric or asymmet 
ric cross-sectional pro?les (as discussed further beloW). 

[0044] After preferential deposition according to methods 
of the present invention, other steps may be performed to 
form a desired article or device. For example, etch back 
steps and/or further deposition steps may be performed. 
Preferential deposition may result in some material accu 
mulating in undesired areas of the substrate, although in 
lesser amounts compared to the material accumulated in 
desired locations. In such cases, an etch back step can be 
performed, for example to uniformly reduce the thickness of 
the deposited material across the substrate. Etch back can be 
performed to reduce the amount of, or to completely 
remove, the material accumulated in undesired areas While 
keeping suf?cient deposited material in the desired regions. 
In a similar Way, an etching step can be used to etch the 
underlying substrate, or layers disposed thereon, While the 
preferentially accumulated material on the substrate acts as 
an etch mask. The preferentially accumulated material can 
then remain on the substrate or be removed to reveal a 
patterned substrate. 

[0045] The preferentially accumulated material might also 
be used as a template for further deposition. For example, a 
relatively small amount of conductive material might be 
deposited on a substrate according to an interference pattern. 
Then, the patterned conductive material can be used as a 
seed layer for electroplating to form a thicker pattern of 
conductive material. Post-preferential deposition steps such 
as etch back steps and further deposition steps can also be 
combined to achieve desired results. It may also be desirable 
to perform additional preferential deposition steps using the 
same interference pattern to pattern layered structures using 
different materials. For example, an insulative layer such as 
an oxide can be deposited according to an interference 
pattern, folloWed by depositing a metal according to the 
same interference pattern on top of the oxide. Other similar 
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procedures or variations thereof can also be used to form 
overlapped patterns, layered structures, or more complicated 
shapes and patterns. 
[0046] Methods of the present invention can be used to 
make patterns for many different applications. One advan 
tage of the preferential accumulation methods of the present 
invention is that it is possible to form patterns of material on 
a substrate surface Where the dimensions and/or spacings of 
the patterned regions are much smaller than the spot siZe of 
the laser or other form of electromagnetic radiation. Addi 
tionally, structure spacings can be made smaller than Wave 
lengths of visible light, for example. Because interference 
pattern dimensions can be on the order of, or smaller than, 
Wavelengths of visible light, patterns made according to 
methods of the present invention can be especially useful in 
many optical applications including, but not limited to, Wire 
grid optical elements such as Wire grid polariZers, Wire grid 
re?ectors, and combinations thereof. Other optical elements 
can also be made such as diffraction gratings, optical sieves, 
and the like. Patterning methods of the present invention can 
also be used as intermediate structures in a process, such as 
When the structures are used as etch masks and/or seed 
layers as discussed above. 

[0047] Wire grid re?ectors and/or polariZers can be made 
using methods of the present invention. For example, a 
periodic array of parallel metallic lines can be formed on a 
substrate to make a Wire grid polariZer. The theory of Wire 
grid polariZers is Well knoWn. In general, When unpolariZed 
light is incident on a Wire grid polariZer that has a periodic 
array of parallel conductive Wires, the Wire grid Will re?ect 
light polariZed parallel to the Wires and transmit light 
polariZed perpendicular to the Wires. This condition gener 
ally holds for Wavelengths of light that are much greater than 
the spacing betWeen the Wires (the condition has often been 
stated as )t/S id Where )t represents the affected Wavelengths 
and d is the Wire spacing). Wire grid re?ectors can be made 
by forming tWo sets of parallel lines on the substrate surface, 
the sets of parallel lines typically being mutually orthogonal. 
[0048] Useful devices can be made by combining Wire 
grid polariZers With Wire grid re?ectors. For example, a 
square Wire grid re?ector pattern can be deposited With 
dimensions to re?ect infrared radiation (e.g., using Wire 
spacings of about 200 to 500 nm or more). On the same 
substrate, a linear Wire grid pattern can be formed that acts 
as re?ective polariZer to a Wavelength range in the visible 
spectrum (e.g., using Wire spacings of about 50 to 100 nm 
or less). Such superimposed structures can be used to 
combine visible light polariZing functions With heat shield 
ing. 
[0049] As mentioned above, cross-sectional pro?les of 
structures preferentially deposited on a substrate according 
to the present invention can be symmetric or asymmetric. 
Asymmetric structures can be useful, for example, in form 
ing blaZed diffraction gratings. Asymmetric structures can 
be obtained by creating an asymmetric temperature pro?le 
(e.g., by canting the substrate surface relative to the inter 
ference pattern), by controlling the direction of material 
deposition (e.g., by physical vapor deposition of material 
using a collimated beam directed at the substrate at an 
off-normal axis), by post-deposition steps such as etching or 
shadoW coat deposition, or by other suitable methods. 

[0050] While the present invention is concerned primarily 
With temperature-dependent deposition of material accord 
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ing to a surface temperature pro?le that corresponds to an 
electromagnetic interference pattern, the same interference 
patterns used to preferentially heat substrates can also be 
used to pattern photoresist layers Without using a mask. For 
example, Wire grid polariZers and/or re?ectors can be made 
in the folloWing manner. A substrate can be coated With a 
layer of material, such as a metal, suitable for forming the 
Wire grid device. Aphotoresist layer can then be coated on 
the metal or other layer. The photoresist can then be exposed 
to an interference pattern in any suitable manner as 
described above. The photoresist can then be developed to 
eXpose areas of the underlying layer coincident With the 
interference pattern. The eXposed portions of the underlying 
layer can then be etched and the remaining photoresist 
removed to leave a Wire grid polariZer or re?ector on the 
substrate. In an analogous manner, Wire grids can also be 
formed using the photoresist as a deposition mask rather 
than as an etch mask. As discussed above, multiple inter 
ference patterns from one or more radiation sources can be 

used to simultaneously or serially eXpose the photoresist so 
that superimposed patterns may be formed upon etching of 
the underlying layer after patterning. 

[0051] Various modi?cations and alterations to this inven 
tion Will become apparent to those skilled in the art Without 
departing from the scope and spirit of this invention. It 
should be understood that this invention is not intended to be 
unduly limited by the illustrative embodiments and 
eXamples set forth herein and that such eXamples and 
embodiments are presented by Way of eXample only With the 
scope of the invention intended to be limited only by the 
claims set forth herein as folloWs. 

What is claimed is: 
1. A method for preferentially depositing material on a 

substrate surface comprising the steps of: 

directing tWo or more mutually coherent electromagnetic 
beams onto a region of the substrate surface to form an 
electromagnetic interference pattern that preferentially 
heats portions of the substrate surface according to the 
interference pattern, Wherein a cylindrical lens is 
placed in the path of at least one of the electromagnetic 
beams; and 

selectively depositing material on the substrate surface 
according to the interference pattern by eXposing the 
substrate to the material in the gas phase, the material 
capable of preferentially accumulating as a function of 
surface temperature. 

2. The method of claim 1, Wherein the interference pattern 
comprises a series of parallel fringes having chirped pitch. 

3. The method of claim 1, Wherein the interference pattern 
comprises a series of curved fringes having uniform pitch. 

4. The method of claim 1, Wherein the interference pattern 
comprises a series of curved fringes having chirped pitch. 
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5. The method of claim 1, Wherein another cylindrical lens 
is placed in the path of another of the electromagnetic 
beams. 

6. The method of claim 1, Wherein an optical element 
comprising one or more of a micro lens, microlens array, 
microprism, or diffraction grating is placed in the path of at 
least one of the electromagnetic beams. 

7. The method of claim 1, Wherein the interference pattern 
is formed by passing one or more of the electromagnetic 
beams through a diffractive optical element. 

8. The method of claim 1, Wherein an optical element 
comprising one or more of a spherical lens, aspherical lens, 
or acylindrical lens is placed in the path of at least one of the 
electromagnetic beams. 

9. The method of claim 1, Wherein the substrate comprises 
glass. 

10. The method of claim 1, Wherein the substrate com 
prises metal. 

11. The method of claim 1, Wherein the substrate com 
prises semiconductor. 

12. The method of claim 1, Wherein the substrate com 
prises plastic. 

13. A method for preferentially depositing material on a 
substrate surface comprising the steps of: 

directing tWo or more mutually coherent electromagnetic 
beams onto a region of the substrate surface to form an 
electromagnetic interference pattern that preferentially 
heats portions of the substrate surface according to the 
interference pattern, Wherein one or more of a micro 

lens, a microlens array, a microprism, a diffraction 
grating, or a diffractive optical element is placed in the 
path of at least one of the electromagnetic beams; and 

selectively depositing material on the substrate surface 
according to the interference pattern by eXposing the 
substrate to the material in the gas phase, the material 
capable of preferentially accumulating as a function of 
surface temperature. 

14. A method for preferentially depositing material on a 
substrate surface comprising the steps of: 

directing tWo or more mutually coherent electromagnetic 
beams onto a region of the substrate surface to form an 
electromagnetic interference pattern that preferentially 
heats portions of the substrate surface according to the 
interference pattern, Wherein one or more of an aspheri 
cal lens or an acylindrical lens is placed in the path of 
at least one of the electromagnetic beams; and 

selectively depositing material on the substrate surface 
according to the interference pattern by eXposing the 
substrate to the material in the gas phase, the material 
capable of preferentially accumulating as a function of 
surface temperature. 

* * * * * 


