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10 using excimer laser ablation of substrates to improve the uniformity of repeating
microstructures on an ablated substrate or to create three-dimensional microstructures
on an ablated substrate.

Background of the Invention
15 Laser ablation has long been used in the ophthaimic and semiconductor

fields. In the past, for example, photolithographic processes were used to produce the
vias that connect different levels of circuitry of semiconductor chips. Laser ablation
processes have replaced the photolithographic processes in some instances and are now
. used for ablating the via patterns. In the optical field, on the other hand, laser ablation
20 has been used for shaping contact lenses, such as smoothing their surfaces.

Many obstacles are present when using laser ablation processes, such as
spot writing with a shaped beam, shadow mask systems, projection mask systems and
phase mask systems. For those systems that use a mask, it is expensive and inefficient to
provide perfectly uniform illumination of the mask. The distributions of the beam

25 intensity from an excimer laser is roughly rectangular in cross-section. An ideal beam
has a top-hat profile in the long dimension and a Gaussian cross-section in the short
dimension. The non-uniform beam intensity can create nonuniformities in an ablated
substrate. Figure la is a graphical representation of the energy profile of a typical
excimer laser beam in cross-section. While the intensity of the beam is substantially

30 uniform in the center portions of the beam cross-section, the intensity of the beam drops
off near the beam edges. The nonuniformity of the beam intensity can translate to
nonuniformities in the ablated materials, such as less material removal and formation of
spurious posts due to contamination in the material being ablated in lower intensity areas
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Laser ablation systems, such as projection systems utilizing lenses, have
additional problems creating uniform morphologies. Projection laser ablation systems
15 use a projection lens to transfer an image of the desired pattern from the mask plane to
the substrate plane. This image transfer is never perfect due to spherical and chromatic
aberrations, coma, astigmatism, field curvature and distortion, and other higher order
effects on the wavefront. These distortions can cause nonuniformities in the ablated
substrates, thereby reducing the precision available to create uniform, micromachined
20 surfaces. To partially overcome lens aberrations, higher quality, higher cost lenses may
be used in projection systems. These high cost lenses, however, cannot be justified in all
projection systems.
The laser ablation process can generate a substantial amount of debris
from the ablated substrate, thereby causing additional obstacles to precision machining
25 or uniform morphologies in the ablated substrate. When features are closely spaced and
a large area is to be covered, some debris typically falls on areas that are to be later
ablated. Substrates that are covered with a large amount of debris do not have the same
ablation characteristics as clean substrates or substrates that are covered with only a
small amount of debris. Particularly when ablating larger features, the generated debris
30 can cause interference with the current or subsequent ablation sites. Debris removal
systems have been developed for use with laser ablation systems to remove the debris
remaining on the substrates to be abiated to minimize the amount of debris the laser
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When step and repeat processes are used to cover large areas of a
substrate, however, nonuniformities become an issue because it is difficult to hide the
20 intersections between adjacent images over a large area of the substrate. Figure 2 shows
an enlarged perspective view of a substrate having a pattern created with step and repeat
imaging. The repeating pattem of square holes on the substrate may be produced by
ablating adjacent square images having the repeating pattern of square holes.
Intersection point 10 is the intersection of four images. In one image, walls 11
25 underexposed, thereby leaving polyimide residue on the top of the walls. In a second
image, walls 12 were overexposed, thereby removing too much polyimide and leaving
incomplete walls. Very slight differences in a pattern caused by, for example, the
aforementioned nonhomogeneous beam profile, minor distortion in the image or
attempting to ablate through the debris left by ablating the adjacent image is visible to
30 the human eye. In mask scanning operations, a large area mask, with a pattern on it
corresponding to the entire area to be covered is used and the mask is moved
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The repeating pattern ofTeabime argeothree-dimetnsionabgebsietries, shenhyeeiim@sivelalced by
15 geometry may be separated into slices parallel to the x-y plane. The thickness of each
slice is equivalent to the removal depth of one or more laser pulses. Beginning with the
largest mask, the surface associated with each slice is removed with a single mask. The
process is continued with smaller and smaller mask size until the three-dimensional
geometry has been created. The aforementioned method of creating three-dimensional
20 structures are either expensive, have a limited application or are inefficient. For
example, precision control mechanisms exist for moving the laser beam or the mask to
precisely position the beam or mask relative to the substrate. Such accurate positioning
allows precise ablation of a slice of the three-dimensional structure. Other costly and
inefficient methods place the entire pattern on a single mask and shutter off unused
23 portions of the mask, thereby not using all the light from the laser or require muitiple
masks to create the entire three-dimensional pattern.

Summary of the Invention
The present invention provides a method and apparatus for exposing a
30 substrate to patterned radiation. The methods of the present invention improve the
uniformity of repeating structures on a substrate as well as allow production of three-
dimensional structures. One method modifies a step and repeat process by providing
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accompanying drawings wherein [ike reference numerals identify corresponding
components, and:
Figure 1a is a graphical representation of the energy profile of a typical
excimer laser beam in cross-section;

15 Figure 1b is a graphical representation of the energy profile of the
excimer laser beam in Figure 1a after passing through a beam homogenizer;
Figure 2 is a picture of a scanned electron-beam microscope photograph -
of the intersection of four images of repeating structures using a step and repeat process;
Figure 3 shows the system of the present invention;
20 Figure 4 shows an example of a mask pattern having a repeating square
hole pattern;
Figure 5 shows how the size of a mask pattern corresponds with the
image field size at the substrate;
Figure 6 shows a first method of overlapping repeating features on a
25 mask at an area of the substrate;
Figure 7 shows a second method of overlapping repeating features on a
mask at an area of the substrate;
Figure 8 is a picture of a scanned electron-beam microscope photograph
of a plurality of repeating structures created using the method of the present invention;
30 Figure 9 shows four quadrants of an image field, each quadrant having
different fluence;
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15 Figure 3 shows a laser ablation system of the present invention. The
laser ablation system is preferably a laser projection ablation system utilizing a patterned
mask, although a shadow mask system or phase mask system could be used. Projection
imaging laser ablation is a technique for producing very small parts or very small
structures on a surface of 8 substrate, the structures having sizes on the order of

20 between one micron to several millimeters, whereby light is passed through a patterned
mask and the pattern is imaged onto a substrate. While the present system is described
using lasers, the illumination provided by the laser can be any kind of light, such as
infrared or x-ray sources. Moreover, the present inveation can be applied using sources
that produce other types of radiation, Material is removed from the substrate in the areas

28 that receive light.

Laser 20 is preferably a KrF excimer laser emitting a beam with a short
wavelength of light, preferably on the order of 248 nm. Those skilled in the art will
readily recognize that any type of excimer laser may be used, such as F;, ArF, KrCl, or
XeCl type excimer lasers. An excimer laser is preferred because an excimer laser can

30 resolve smaller features and causes less collateral damage than lasers such as CO; lasers,
which emit beams with a wavelength of approximately 10,600 nm and can be used with
most polymers and ceramics that are transparent to lasers that are usually used for
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15 Imaging lens 26 may be a single lens or an entire optical system
consisting of a number of lenses and other optical components. Imaging lens 26 projects
an image of the mask, more specifically, an image of the pattern of light passing through
the mask onto the surface of substrate 30. Lenses in optical systems have an optimal
magnification of conjugate ratio, the conjugate ratio being the distance from the lens to

20 the mask divided by the distance of the lens to the image. Substrate 30 may be any of a
number of metals, ceramics, or polymers. Some inexpensive and clear polymers include
polyimide, polyester, polystyrene, polymethymethacrylate and polycarbonate. Substrate
30 may also be a combination of materials, such as shown in Figure 3, where top layer
32 of substrate 30 is polyimide and bottom layer 34 is copper. Bottom layer 34 may be

25 included for purposes such as an etch stop or to provide support for patterns that would
not support themselves if cut through top layer 32.

Table 28 supports and positions ablated substrate 30. Substrate 30 is
fixedly supported to table 28, such as by vacuum chuck 36, static electricity, mechanical
fasteners or a weight. Table 28 can position substrate 30 by moving substrate 30 on the

30 x, y and z axes as well as rotationally, such as along the z axes. Table 28 can move
substrate 30 in steps down to approximately 5 nm, and more typically, approximately
0.1 microns, reproducible to an accuracy of approximately 100nm. This reproducibility
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A system similar to the system shown in Figure 3 can be used to create a
repeating pattern using a step and repeat operation that overcomes nonuniformities
caused by system limitations such as nonhomogeneous beam profiles, lens distortions

10 and insufficient debris removal. The method of the present invention overcomes these
problems to create uniform, repeating structures by exposing each predetermined area
on a substrate to many different areas in the image field, thereby allowing the substrate
to be exposed to variations in the beam strength and lens distortions within the image
field. Moreover, the method does not produce a large amount of debris in each step of

15 the step and repeat operation, thereby preventing a large accumulation of debris and
overcoming the problem of debris interference in the imaging process.

The mask used with the method of the present invention preferably
includes a repeating pattern to be ablated in the substrate for creating a uniform,
repeating pattern. While a single structure can be created in some embodiments of the

20 present invention, it is preferable to have at least two full patterns and more preferable
to have a significantly larger number of features on the mask. Figure 4 shows an
example of a mask pattern that could be used to ablate a pattern of square holes in a
substrate. Those skilled in the art will readily recognize that a number of different
shapes and geometries can be repeated in a mask pattern, such as channels, circles,

25 polygons, letters and numbers. Those skilled in the art will further appreciate that the
level of repetition need not be to the extent shown in Figure 4.

The method of the present invention can include two basic process
modifications of a typical step and repeat process, each modification able to be used
alone, together or in combination with step and repeat process steps. The first

30 modification consists of providing less than the required dose of light to a first image
position on the substrate before moving to a subsequent image position on the substrate.
This will result in incomplete ablation of the pattern at the first image position. When a
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exposed with light one or more times by the same image pattern with light passing

15 through the same portion of the mask, the same image pattern with light passing through
a different portion of the mask, or a different image pattern with light passing through a
different portion of the mask. When the same image pattern is used with light passing
through a different portion of the mask, the mask must have a pattern of repeating
features to create a uniform structure on the substrate. When a different image pattern

20 is used with light passing through a different portion of the mask, the mask must have
features that correspond with the incompletely exposed areas of the substrate to create
three-dimensional structures. When the exposure is finished with overlapping image
patterns, more than one image position is used to fully expose a particular region of the
substrate to create the desired structure.

25 The required strength, or energy/pulse (mJ), of each exposure depends
on the substrate material, the desired depth of the ablation, the efficiency of the beam
delivery system, and the desired wall angle. A typical excimer laser has a maximum
energy of one J/pulse, with a 50% efficiency in the beam delivery system. For a
polymer, for example, the threshold strength required for ablation is approximately 50

30 mJ/cm’, while the most efficient processing strength is 200 mJ/cm’, and a preferred level
is on the order of 800 m¥/cm®. Because of the efficiency of most beam delivery systems,
typically only between 0.1 cm® and 0.5 cm? of the substrate is processed at a time. In
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ls%g r 256 4o, Dowever, substrate 80 would be oV 1643 tRiMROilage AOE sBO R the Qibsieatl! at ed
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20 with first image 70. Consequently, the third ablated image would be image 74. When
uniformity of a repeating pattemn is the goal of the present invention, incomplete ablation
is performed at each step, as described in the aforementioned first process modification.
The overlap of aligned repeating patterns in the image allows subsequent exposures to
complete the exposure to an area of the substrate.

25 In an alternative embodiment of the second modification to step and
repeat processes, after first image 90 is ablated, substrate 100 is moved an amount equal
to at least the image field size at substrate 100. This is similar to prior art step and
repeat processes where second image 92 is adjacent first image 90. When the first
modification is used in combination with the second modification, at each step the

30 pattern is only partially ablated into substrate 100. Thus, no overlap occurs in a first
series of ablation. In a second series of ablation, however, substrate 100 is moved such
that at least & portion of the image field at substrate 100 ove;laps an area on substrate
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Moreover, the first series of ablation provide less than the required dosage of light, the

remaining required dosage of light provided in subsequent series of ablation.

15 In a preferred embodiment for ablating uniform repeating structures, both
the first modification and the second modification to a step and repeat process are
utilized. For example, using a excimer laser projection ablation system as shownin

Figure 3 can be used to create a repeating pattern of square holes. A 6mm x 6 mm mask
containing a 46 x 46 array of elements, or 2116 elements, having a pattern similar to the

20 pattern shown in Figure 4 may be used as the mask pattern. If ablating a polymer such
as polyimide having a thickness of 50 microns, a fluence range of approximately 800
mJ/cm’ is preferred, thereby removing approximately 0.5 microns/pulse. Therefore,
approximately 100 exposures are necessary to remove the polyimide for each structure
to the desired depth. While it is often preferred to step a single feature between

25 exposures, because only 100 exposures are necessary and 2116 elements exist in the
image field in the present example, a single feature step is not preferred. Rather than
stepping a single feature, each step may be multiples of features, such as stepping four
features horizontally when moving the substrate across a row and five features vertically
when moving the substrate across a column.

30 Figure 8 shows an enlarged view of a portion of an ablated polyimide
substrate using the method described above. In the ablated pattern of Figure 8,
uniformity across the substrate is achieved because the method of the present invention
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material fromt
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relatively higher intensity portions of the beam cross-section and relatively lower

15 intensity portions of the beam cross-section. In an embodiment where the image pattern
is stepped more than a single feature between each incomplete exposure, such as the
example above where the image pattern is stepped four features when moving
horizontally and five features when moving vertically, the beam only need be
substantially uniform over each 4xS feature cross-sectional area to achieve uniformity.

20 Because the relative strength of the beam varies across its cross-section,
the order in which each area of a substrate is exposed to a portion of the beam affects
the uniformity of the finally ablated features in that area. The quality and result of an
exposure varies with respect to the fluence of the beam. For example, higher fluence
results in deeper ablation with straighter walls, more effective debris removal and less

25 spurious post formation from contamination in the substrate. Conversely, lower fluence
results in shallower ablation, often with some angle in the walls of the ablated feature. If
an area of a substrate is exposed to a series of incomplete exposures, each exposure
having a different fluence level, the shape of the finally ablated feature would vary
depending on the order of the exposures. The wall angle, for example, would vary

30 between different features as well as within a single feature, portions of the walls being
more vertical when exposed to a higher fluence level and more angled when exposed to
a lower fluence level.
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order as area 130, namely illumination from quadrant 128 first, quadrant 126 second,
quadrant 124 third and quadrant 122 fourth, thereby facilitating uniformity between the
ablated features. As shown in Figures 10a-10d, the method of the present invention only
partially ablates a desired pattern on the edges of the ablated substrate. The borders

25 formed by these partially ablated portions of the substrate typically wili not have
completed features and may be discarded.

The method of the present invention can further be utilized to create
three-dimensional structures in an efficient and cost effective manner. More specifically,
the method of the present invention can be used to created stepped patterns. In theory,

30 only stepped patterns can be created if the laser ablation system has infinite resolution.
In practice, however, limits in the system such as the resolution of the lens in a laser
projection ablation system and the diffraction limit produce curvature on the walls of the
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contour is drawn and the mask is produced, each mask section having the necessary

contours positioned on appropriate locations on the mask, as will later be described.

Figure 11 shows 2 portion of a mask 150 having four contours, contours 152, 154, 156,

15 and 158. While the portion of mask 150 shown in Figure 11 shows four contours used
to create a single structure, any number of contours physically able to fit on a mask may
be placed on the mask. Moreover, any number identical or different sets of contours
able to create a plurality of identical or different repeating or three-dimensional
structures may be placed on a single mask.

20 The mask is used to pattern light in a laser ablation system such as the
system shown in Figure 3. Similar to the preferred embodiment for creating uniform
repeating structures, the ablation of each contour is preferably performed by exposing
the substrate to a single pulse of the laser beam to facilitate debris removal. Insucha
preferred embodiment, the depth of ablation for a particular contour will correspond to

25 the fluence of the beam. In another embodiment, the substrate is exposed to a plurality
of pulses before the substrate is moved such that greater depth of ablation is achieved.
In yet another embodiment where greater depth of ablation is desired as well as a lower

fluence, subsequent pulses are provided at later passes, rather than at the same step.
Further, the entire mask is illuminated. It is not necessary to shutter off unused portions

30 of the mask, thereby wasting illumination from the laser. The resulting exposure after
the first exposure is a plurality of different shaped contours, each contour having the
same depth, as shown in Figure 12a.
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described for the purposes of uniformity.
Figure 12¢ shows a portion of substrate 160 after substrate 160 has been

15 moved again and has been exposed a third time. Figure 12d shows a portion of
substrate 160 after moving substrate 160 and a fourth exposure. In Figure 124, the
structure encloses in box 170 is the first completed structure, possibly a lenslet. When
creating some structures, such as lenslets, for example, it may be preferable to first
ablate the smallest feature first, such as the feature corresponding to contour 158 of

20 mask 150 and expose the substrate to progressively larger contours. While two specific
orders of ablation have been described for creating three-dimensional structures, any
order of sizes of features may be arranged based on the desired three-dimensional
structure. As shown in Figure 12d, structures 172, 174 and 176 are incomplete
structures. In the method of the present invention, a border of incomplete structures

25 will exist and can be ignored or discarded. Figure 13 shows an enlarged view of 2
plurality of lenslets that have been produced using the described method.

Although a preferred embodiment has been illustrated and described for
the present invention, it will be appreciated by those of ordinary skill in the art that any
method or apparatus which is calculated to achieve this same purpose may be

30 substituted for the specific configurations and steps shown. This application is intended
to cover any adaptations or variations of the present invention. Therefore, it is
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abl ati on system as shown in Figure 3 can be used to create a
repeating pattern of square holes. A 6nmx 6 mm mask containing a
46 x 46 array of elenents, or 2116 elenents, having a pattern simlar to

t he 20 pattern shown in Figure 4 may be used as the mask pattern. |f
abl ating a pol ymer such as polyimde having a thickness of 50

m crons, a fluence range of approximately 800 mi/cnferr] is
preferreg, thereby renoving approximtely 0.5 m crons/pul se. Therefore,
approxi nately 100 exposures are necessary to renove the polyimde for each

structure to the desired depth. While it is often preferred to
step a single feature between 25 exposures, because only 100
exposures are necessary and 2116 el enents exist in the image field

in the present exanple, a single feature step is not preferred. Rather than
stepping a single feature, each step may be multiples of features, such as

st eppi ng four features horizontally when noving the substrate
across ggrow and five features vertically when novi ng the
substrate across a columm. 30 Figure 8 shows an

enl arged view of a portion of an abl ated pol yi m de substrate using

t he net hod descri bed above. In the ablated pattern of Figure 8,
uniformty across the substrate is achieved because the nethod of the
present invention

20

25

30
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errusscrossez— [l 12
substantially elim natesSe M/Hm of debris on the surface of the

pol yi mi de as well as "avér ages out nonuniformties in intensity of
the illum nafd egnsgde t he mask. The I nconpl et e abl atpeaygsaéhddsy i1 st
modi fication facilitates debris renoval. j4en only one pul se, or
only a few pul ses, are delivered by the | aser before noving the substrate
to-the 5 Clgimls: | mage position, the debris accunulation is small enough
that it does not substantially affect the ablation characteristics
of the substrate material. In conjunction with the inconplete

abl ation, the novenment gf th Qhubdidte rpﬁﬁémﬁf Bfati :
substrate are exposed to addlgt onar&i%ﬁ uﬁ#natlon cfg I ng a't“gr se?nl’ggsldof

abl ati on as  systemcompkising:i bed i n the second nodification allows conpletion
of the aplation to the desired 10 depth. The aver] appi ng of i nmage
patterns”at the substra?ﬂ’paﬁmfwa%?ﬂi*gr’% 5 of the

I I'lumi nation of the beagiodéient meatddoranbvingsaitbiuphartmeadsst rat e surface,
particularly when the image pattern _is stepped a single feature

bet ween each i nconpl et eillumingtion means for producingiffumipgtion, and it | on exposes each
abl ated structure to a | o0 e, : relatively
i %g%&%ﬁf&h&&mmﬂ&ww

hi gher intensity portions o eam cross-section and relatl eﬁy | ower 15
i ntensity por tnecessary feveliof illumination from said dlumination means forsuffitient formationan t he

| mage pq{)tern . is stepped nore than a single feature between each

i nconpl et e expsS‘gLﬁ’%, ch as the exanpl e above where the inmge
pattern is stepped four wherinsaidsllunisdtionméemprovides less thah @il aedeksaly leverofl five
features when poving vertically, the beamonly ne%‘gbe . .
substantially ﬁ!%%%%@?’t%ﬂm‘ffmmw& pynagion to reachsaidy achi eve
uni form ty. 2Ghecessary level of illumination and pr&\i8e3 $8i8 rériining hrdbunf Sf ifihnfs! lﬁt%ﬁt he
beam varies across 1ts cross-section, the  order in which each area
of a substrat orimprelatessimds.t o a portion of the beam affects

15
2. The system for exposing a substrate to patterned illumination
according to claim 1, wherein said illumination means comprises an excimer laser
system.
20 3 The system for exposing a substrate to patterned illumination
according to claim 2, wherein said excimer laser system comprises:
an excimer laser for producing pulsed laser beams; and
an optical system for guiding said laser beams and projection an image of
said mask onto said substrate.
25

4 The system for exposing & substrate to pattemed illumination
according to claim 1, wherein said pattern on said mask comprises a plurality of
contours, each said contour corresponding to a cross-sectional slice of a three-
dimensional structure.

30



the unifornmty of the flnaII features in that area. The quality

and result of-an E/“ h JQQI es—wth-respeet—to the fluence of

t he beam For exanpl e results in deeper ablation
with straighter vvalls rmre effectlve debris renmpoval and | ess 25

Spuri ous pogigdeBEg¥Mti On from contam nation in the substrat gepfogise! V.

| oner fluence results in shallovxﬁr abl ation, often with sonme angle
in the walls of the ablated feature. an area of a substrate is

exposed to a series of sncong wnﬁ»fwdsr 3 sulhREtd 16 pReSHHdIumination, said'aVi NG
a different fluence |evel, thgﬁshape of tEe finall yﬁabl at edufeatt?Fe woul d

vary smgemwynr:sn the order of the exposures. The wall angle, for

exanpl e, would vary 30 Wpﬁﬁk\'ﬁf@ggﬁlj‘&ﬁ%f‘%s% &S as well as within a

single feature, portlons tore vertical when

exposed to a higher fl ummmmmmm@wm exposed to

a lower fluence level. _ . . WO 96/ 33839 .
PCT/ US967 04322 illumination means for prod?wmg?l n; and -13-

In the method of the prga@GE withy fitienPOF festiel fHeroh Ysaldaem irah @it Giito | S
further achi eved because the order in which each area of a substrate is

exposed may beaid substrate and frmingan i mmaenmﬁﬂému ar eas of the

substrate. In a highly ﬁ@“ﬁ? t he
boundaries of inmage fie dg'hwvﬁ‘ﬁn I mage ™ efﬁdﬁéﬂtggggpﬁ enS| y 5
of the beam vaaiddmagefieldsiae betweced each esposdrecnfsaid substrate sosadd illddinafighd, 126, and
128 of I mge field 120. Fi gure 10a shows

a portlé?l of substrate 132 where an inmge pattern is first

partially exposed withig, i nepg systéhdorlekBosingad @ibstraiétoiRtkmbPilliniidtich 9. area
130 of
according to claim 5, wherein said movement means moves said substrate a distance

equal to a single feature.

15 7. The system for exposing a substrate to patterned illumination
according to claim S, wherein said movement means moves said substrate a distance
equal to a plurality of features,

8. A laser projection ablation system, said system comprising:
20 support means for supporting thereon a substrate;
movement means for moving said support means;
a laser for emitting pulsed laser beams;
a mask with a pattem of repeating features thereon, said features needing
a necessary number of said pulsed laser beams from said laser for sufficient ablation on
25 said substrate;
an optical system for guiding said laser beams and projection an image of
said mask, said image having an image field size, onto said substrate;
wherein said laser provides less than said necessary number of pulsed
laser beams at a first time, leaving a remaining number of pulsed laser beams to reach
30 said necessary number of pulsed laser beams and provides said remaining number of
pulsed laser beams at one or more later times and wherein said movement means moves



substrate 132, shom”lﬂlgmmn“uur,ﬂm\n thin image field 120, corresponds
witTh fourth 10 | mege—fTetd—120—When—substrate i s
moved horizontally an8l ah i'made  * pattern is partially exposed for
a second time, as shown in Figure 10b, area 130 of substrate 132

recei ves a woogsssmxposure froma different part of the nmaskcHUsh6eBs322
different part of the cross-section of thg.beam this time corresponding
wi t h quadr ant 126 of image field 120. After ablation across the

row i s conpl etsgid substaRGdistarice WsOfhad bid image fieldlsizk betwesdach expoRineaf sdid gur e
10c shows an |ma€e pattern being partially exposed for athird

time, area 13ubdtratefospid pulsedilaser beams; i ng i || unination from quadrant 124 of
i mge field 120. Finally, during a fourth exposure, area 130 receives
illumnation from quadrant 122 of image field 120. Besides the
outer borders of substr8te 1AGnethddofamicromachining structur¢sconties subistrath using |

houf 1 cPant | RUVEAEY IBRiAAd, i€ ol SalgrBimell by sl s el cofrising
i 11 um nation ithe §tegs ofane order as area 130, nanely illum nation

from quadrant 128 first, quadrant 126 second, w . . Quadrant 124 third
and quadrant 122 four t h€XROSIBE s¥d sybstrate to said pasterned illymination .p eXpRse

abl ated feat Urﬁﬁ-mﬁ&u&@%ﬂﬂ#‘ﬁ 10a-10d, the nethod ofthe present

i nvention only partialTy ablates a desired pattern on the edges
of the abl at ed subst r at eovinggaid substrate azlistance lessthanessidignagefeld; partial |y
abl ated ,portions of the

conpl etel features and y r Pmlggﬂh“%ueppmmgwammd‘%%

met hod of the saidstbsuiate hny eshpletely erposédisthiveuredoe utilized to create
t hree-di nensional structures in an efficient and cost effective manner.
More specifically, the nmethod of the present invention can be used

to created stepped pattqpns. ThéimeE® b micrinachining stiltiredbMBARMbsRALL €r NS can

be created if the |aser ablation systemhas infrnite resolution. .
In practice, Hrserrdiag to rlaim 9, gvhierein said sgictuesis 8 thyee-dimensional sausture paghwhareiphe
ens 1143 | 85 Glach of said fratuds Sheftshdrdl S LB, ABtioHPHETD AR S dithdoiodiit | O
limt produce curvature on tne S0 e

structure.

11. A method of micromachining structures onto a substrate using
patterned illumination, said structures being formed by features, said method comprising
20 the steps of:
exposing said substrate to said patterned illumination to partially expose
said structures within an image field;
moving said substrate a distance at least one said image field;
repeating said exposing and moving steps until a predetermined area on
25 said substrate has partially exposed structures;
repositioning portions of said predetermined area on said substrate within
said image field;
reexposing said portions of said predetermined area on said substrate to
said patterned illumination;
30 repeating said repositioning and reexposing steps until said
predetermined area on said substrate has fully exposed structures.
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abl ated features. Mredver, th | angle can be controlled, thereby

all owi ng the systemto create curvature in three-dinensional
patterns. Tgooksaks curved structures, smal | er s‘L@ﬁ? ismzand

| ower beam fluence are used. To create

t hr ee- di nensi onal structures, the desi rééo'structure is broken 5 into
cross-sectional contouns or TheakibdSf ‘c}gné@hl\(, dhles b SRRt h to the
touch are desired, cont oursl,m and t e?g?.gre st%{%(i?}’zes of

appr oxi mat el yaceordingde claim hi; avhersinssaigdistep of repositioning said predeternfifedareay ed

appr oxi rat of o o L Al o BEBid s Bl ol BNEER e e ¢ e

nunber of location in saidimage feld sxsaiyitions of saidipredeérmined ara, wéré positivhkd | S

divided into sections, preferably of 10 equal size and equally
spaced. 3Each %ESR'%’E’B? st be |arge enough to contain one of
the contours necessary to ablate the desired three-dinensional structure.
Then each contour is drawn and the mask is produced, each mask

section having the necddsar y method of exposinga sybsteateesisigta pattemed masky gsidpr i at e

| ocations on W | eser | . e .Figure 11
shows a porti%%%%ﬁ%ﬁ%ﬁ&%ﬁ&@@mm 4 154, 156,
15 and subitraté/Betiveen éxposafes sichthatfan area lof ddidsudbeatbisierpdsedts € 11 shows
four contours, used, . to create a single structyre,.any nugber of
cont our phy SHBARgon pyng reugh HOFe Syt GH,PorHRY. of sai paralty o THrURTR AF A 1
mask. Mor eovegattedied miasyber identical or different sets of contours

able to create a plurality of identical or different repeating or

t hr ee- di nensi onal structures may be placed on a single nmask. 20
The mask is used to patyern I'Pmd'ﬁ“?#@g&es;* ' %ﬁﬁéﬁ’ -as the
system shown in Fi gurel'. SIAI’#A ar Jt’o e -pre %}r&#@;&h@ 0 |rrenk %rgm%reating
uni form method comprisingithe sepsw€t ur es, the abl ati on of each contour is

preferaly perfornmed by exposin . the,substrate.to.a single pul se
of theaﬁaser beamto f&W@%Mﬁdﬂ%&PqWWgthﬁa%m?
preferred enbpshionok saidipaterdediniskpiaidlevel bf ilimin@ionbefiig/léss thanamecairplevel i | |
correspond to ... . .
: of illumination;
reexposing said area of said substrate to illumination passing through a
second portion of said patterned mask.
20
15.  The method of exposing & substrate using a patterned mask
according to claim 14, further comprising the step of repeating said reexposing step with
illumination passing through a plurality of portions of said patterned mask until said
substrate has been exposed to said necessary level of illumination.
25



25 the fluence of the beam |In another enbodinent, the substrate is
exposed—to-a-plural ity - of pul ses—before t he substrate—+s—+roved——
such that greater depth of ablation is achieved. In yet anot her

enbodi ment where greater depth of ablation is desired as well as a | ower

fluence, subggaieiate pul ses are provided at | ater passes, ragdyggisobbdte at the

sane step. Further, the entire mask is illumnated. It is not
necessary to shutter off unused portioni $O of the mask, thereby
wasting illumnation fromthe laser. Th / esul ting exposure after

the first exposure is a plurality of different shaped contours, each
contour having the sane depth, as shown in Figure 12a.

WD 96/ 33839

PCT/ US96/ 04322 -15-
After the first exposure, substrate | | ce less than the
i mage field size at the substrate. trate 160 is
noved such that the next priately aligned
in relation to the precedi ng abl at . , when the
contours are being arranged on th T ) 5

arrange the contours in an o g ] t he
correct order, as ' h step
they will be appropriately L t he
necessary contours at pre [ f the

pr esent I nvent j ' | i gnment
systens as well as expe A5igure 12b
shows a portion of sub ?éure. In
Figure 12b, the sane n'abl ati on
depth simlar to the ful ses coul d be
used. )

0 5 10 15 20 25 30 35 mm O

FiG.1a

i 15

10
5

0 5 10 15 20 25 30mm O

FIG.1b



Vari ations on the novenent ofthe substrate are simlar to the
afoerementt+onetd—vart+at+rons———— desert+bed—for—the—purposes—ofb——----"-—-—-— v
uniformty. Figure 12c shows a portion of

substrate 160 after substrate 160 has been 15 noved agai n and has

been exposed a third tinme. Figure 12d shows a portion of

substrate 1QH glbep nMOVing substrate 160 and a fourth expogpRsesodaz! guUre

12d, the Wb structure encloses in box 170 is the first coé%?eted
structure, possibly a lenslet. Wen creating some structures,

such as lenslets, for exanple, it nmay be gMeferable to first

ablate the snmallest feature first, such as the feature corresponding to

contour 158 of 20 mask 150 and expose the substrate to progressively

| arger contours. Wile two speci®ig ordgr® of ablation have been

described for creating three-di nendj onal structyfes, any order of
g ’ : + =N o bnal

sizes of featu
structure. As §
i nconpl et e
border of inco
di scarded. Fig
| ensl ets that
Al t hough a pr
the present i
the art that
achi eve this si
confi gurati onsENg , . n R
cover any adapjiRtrie . N & A . esibre, it
i s . ‘

PCT/ US96/ 043229

FIG. 2
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conprising: 5
sdi d substrat e;
support nmeanyp 96/33839

illum nation; and

t hereon, said featur
fromsaid illum nati
substrate;

d ai ns:

expoesthg—a—substrate—to—patterned il | vmmatt+onr—sai d

1. A system for

oot o

D_yDLCIII
support neans for supporting thereon
novenent neans for noving said
illum nation means fggreggisss N
a mask with a pattern of features
es needing a necessary |l evel of illumnation
on neans for sufficient formation on 10 sai d

wheregg said illumnation nmeans provides

| ess than said necessary |evel of illumnation at a first tine,

| eaving a remai ning anount of illumnation to reach said necessary
| evel of illumnatidn and provides salid renalni ng anopunt of T T11ramnation at
one’ or norg later times. 15 2. The
system f or exposingi{a substrat.e.iq illum nation

according to claim3, whdrein'said illbnin i on neans conprises an exci ner
| aser systdm |20 1 3. The systenjfor
exposing a substratg to patterned ji | | ul nat accordingf to claim
2, wherein sai cijmer Iaser'systen1cbnpri X an
exci mer | aser for prjoduciing phl%e Lase* belns, and

an optical systemfaqr guid(ng sai d | aser:beams and proj ection an \ mage of

said mask onto said
for exposing a subst

4.

substrave. 25
rate to patterned illum nation

TRe system
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according to claim1, wherein said pattern on said mask conprises a .
p ety —————————eontoeurs——each-

cross-sectional slice of a three- di mensi onal structure. 30

WD 96/ 33839

PCT/ US96/ 04322 -18-

5. A Sys{@iushedsp€XpPosi ng a substrate to patterned illunppatlLon,...said
system conpri si ng: support neans for supporting

t hereon a substrate; novenent neans for noving said
support neans; 5 i1l um nation nmeans for producing

i1 lum nation; and 6/9 nask with a pattern of features
t hereon, said pattern transferred onto said substrate and form ng
an image having an image field size; wherein said

novenent means_noves said substrate a_ di stance
I mge field si N E h

| ess than ‘ . sai d

i1lum nation. g a
substrate to erein
sai d novenent 0 a

singl e feat ur g

FIG. 8



15 7. The system for exposing a substrate to patterned

i Homratton accorthng—to clat-m5—wierei n sai d novesent—neans
noves said substrate a distance equal to a plurality of features.
8. A |l aser projection ablation system said system conprising: 20
support nmeangyddsfagaepporti ng thereon a substrate, PCT/USS6/04322
novenment neans for noving said support neans; a

| aser for emtting pul sed | aser beans; g a mask with
a pattern of repeating features thereon, Said features needing a

necessary nunber of said pulsed | aser bpapgs fromsaid |laser for sufficient
abl ation on 25 sai d substrate; an opti cal
system for guiding said oj ection an i mage of

said nmask, said Hg@ge Havi ng an:inage figd siz onto said substrate;
wherein said | aser proVi des | esg than sai ecesSary nunber of pul sed

| aser beamat a first t}lime,11eauing @ renfini ng nunber of pul sed |aser

beans to reach 30 sai d nedessary nunber of pul sed | aser beans and
provi des said renaining-ﬂunbep-d# ------ pul sed | aser beans at one or
nore later tinmes and wijerein sairid novene means noves WO
96/ 33839 !

PCT/ US96/ 04322 3 : 4 -19-

said substrate a di§§§}ce | ess tthan said Jimage field size between each

exposure of said 1 ! AK\
FIG.9 128
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132 132
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substrate to said pul sed | aser beans.

netthod—of—m—crofrachtRg—st+uectures— ont-e—a—stbst+ate usi-hrg—>5

illum nation,
conpri sing

said structures being forned by features,
the steps of:

substrate a distance | ess than said i mag
repeati ng said exposing and novi ng steps

ntil

2t t

sai d net ho

9. A

nat
'.I\ALL
d

exposi ng said
substrate towpakgsspatterned illumnation to part| all'y exposgerusosndzzz Sai d
structures within an image field; d

novi Nng Sal

g eld; 10
a predeterm ned area on

said substrate has conpl etely exposed structures.
10. The met hod of m cromachi ning structures onto a substrate
according to claim9, wherein said structure is a three-di nensi onal

structure and wherein 15 each of sagd features corresgonds to a
cross-secti agal slice of said three-di ren& onal st¥uct ure.
11. A net Hpd of m cromahj ning structured onto a substrate \using
patterned MNUNM nation, Wd structures Hewpg forned by feafwes, said
met hod conpri Sy ngRO tRe gieps of exposi ng
said substfatejtQ\paid pattenqn illTumndtiorf to partlably Xxpoge
said struc w=t hin a g ield; ; YD¥!pg sai d
substrate tange at one said in ge ffield;
repeating € si ng kg St eps funtill a predeternhed r € on 25
sai d subst h parti e sed strycturjes; AL
reposition otk ons o 'dLRLedeterni ed jar ey on saig substfate wi thin
said i mge d; egxpegi ng saﬂﬁ tip f said
predeterm ned grea on sai gdsgbstrate to -~ EE
LL N
[ \
~
~—

rnad
-G



said patterned |Ilun1nat|on 30 _ _ repeatrng said

on said substrate has fuIIy exposed structures MD 96/33839

PCT/ US96/ 04322 - 20-
12. The met hod of m cromachi ning structures onto a substrate

according tg claim 11, wherein said step of repositioning g
predeterni n@aﬂgﬁé@ ensures that no said portions O?’b@rssw 22

predeterm ned area are positioned in thg g | ocation in said

I mage field as said portions of said pr d term ned area were positioned 5
for a previous exposure. 13. A net hod of
exposi ng a substrate using a patterned mask, said patterned mask
having a plurality of portions, said nmethod conprising noving said
substrate between exposures such that an area of said substrate is exposed
to 10 I ugs
plurality of p y
14. A et hod

FIG. 13



met hod conprising the steps of: 15 expGE':pcj)q’ﬁ-gge_@~ f
' Boft |

sard—substrate—to il |unmmatt+on—passi Ag—ttmrotgir—a—F i r st n o

sai d patterned mask, said level of illumnation being Iess than a pegepsary

| evel of illumnation; r eexposiaig é@éd

area of said substrate to illum nation passing through a ’*‘;’,'D'?l :sl'h rYd
ortion of said er ned NE®KRLD ELLECTUAL PROPERTY ORGANIZATION N e

ﬁet hod of_ex osiBn@flE;l substrat e usi ng'“‘%{““ﬁ’ﬁfﬂ?“é‘?“ned mask according to
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{57) Abstract

An excimer laser projection ablation system provides less than the necessary
amount of illumination toa substrate to completely ablate a structure. The system then
moves the substrate a distance less than the image field at the substrate and provides
an additional level of illumination. The system continnes to move the substrate and
provides additional illumination until the structures are fully ablated. The method 20
and system for performing an improved step and repeat process preferably are used
to create uniform repeating structures or three-dimensional structures.




