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(57) ABSTRACT 

The present invention is directed to a lithographic method 

and apparatus for creating micrometer, more particularly 
sub-micrometer patterns in a thin ?lm coated on a substrate. 

The present invention utiliZes the self-formation of periodic, 
supramolecular (micrometer scale) pillar arrays in a thin 
melt to form the patterns. The self-formation Was induced by 
placing a second plate or mask a distance above the polymer 
?lm. The pillars bridge the plate and the mask, having a 
height equal to the plate-mask separation (preferably 2-7 
times that of the ?lm’s initial thickness). If the surface of the 
mask has a protruding pattern (e.g., a triangle or rectangle), 
the pillar array is formed With the edge of the pillar array 
aligned to the boundary of the mask pattern. 
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MICROSCALE PATTERNING AND ARTICLES 
FORMED THEREBY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of application U.S. Ser. No. 
09/807,266, ?led on April 9, 2001, Which is a national phase 
?ling based on International Application No. PCT/US99/ 
23717, ?led on Oct. 8, 1999, Which claimed the bene?t of 
priority from US. Provisional Patent Application Ser. No. 
60/103,790, ?led on Oct. 9, 1998. 

GOVERNMENT INTEREST 

[0002] This invention Was made With Government support 
under Contract No. 341-6086 aWarded by DARPA. The 
Government has certain rights in this invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to forming 
patterns on or in a surface material, assemblies used therefor, 
and articles formed thereby. More speci?cally, the present 
invention relates to microscale patterning and/or lithogra 
phy. Microscale patterning and microscale lithography have 
a broad spectrum of applications, eg in the production of 
integrated circuits, microdevices, and the like. The patterns 
formed can be utiliZed to perform an array of functions, 
including electrical, magnetic, optical, chemical and/or bio 
logical functions. 

BACKGROUND 

[0004] One of the key processing methods in fabrication 
of semiconductors, integrated electrical circuits, integrated 
optical, magnetic, and mechanical circuits and microdevices 
is forming very small patterns. 

[0005] Lithography is often used to create a pattern in a 
thin ?lm carried on a substrate so that, in subsequent process 
steps, the pattern Will be replicated in the substrate or in 
another material Which is added onto the substrate. One 
purpose the thin ?lm satis?es is protecting a part of the 
substrate so that in subsequent replication steps, the unpro 
tected portion can be selectively etched or patterned. Thus, 
the thin ?lm is often referred to as a resist. 

[0006] A typical lithography process for the integrated 
circuits fabrication involves exposing a resist With a beam of 
energetic particles Which are electrons, or photons, or ions, 
by either passing a ?ood beam through a mask or scanning 
a focused beam. The particle beam changes the chemical 
structure of the eXposed area of the ?lm, so that When 
immersed in a developer, either the eXposed area or the 
uneXposed area of the resist Will be removed to recreate the 
pattern or obverse of the pattern, of the mask. A limitation 
on this type of lithography is that the resolution of the image 
being formed is limited by the Wavelength of the particles, 
the particle scattering in the resist, the substrate, and the 
properties of the resist. Although pattern siZes greater than 
200 nm can be achieved by photolithography, and pattern 
siZes in the range of 30 nm to 200 nm can be achieved 
utiliZing electron beam lithography, these methods are 
resource intensity and suffer from loW resolution. 

[0007] US. Pat. No. 5,772,905 describes a method and 
apparatus for performing ultra-?ne line lithography Wherein 
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a layer of thin ?lm is deposited upon a surface of a substrate 
and a mold having at least one protruding feature and a 
recess is pressed into the thin ?lm. 

[0008] An alternative strategy to those described above is 
to use a “naturally occurring” or “self-assembly” structure as 
a template for subsequent parallel fabrication. For example, 
US. Pat. No. 4,407,695 and US. Pat. No. 4,801,476 
describe a spin coating technique to prepare close-packed 
monolayers or colloidal polystyrene spheres With diameters 
of typically 01-10 microns on solid substrates. The pattern 
is then replicated by a variety of techniques, including 
evaporation through the interstices, ion milling of the 
spheres and/or the substrates, and related techniques. Highly 
ordered biologically membranes (“S-layers”) have also been 
suggested as starting points for fabrication. Close packed 
bundles of cylindrical glass ?bers, Which could be repeat 
edly draWn and repacked to reduce the diameters and lattice 
constant have also been used. Block copolymer ?lms have 
been suggested for use as lithography masks Wherein 
micelles of the copolymer Which form on the surface of a 
Water bath are subsequently picked up on a substrate. 

[0009] To date, the focus of “self-assembly” has been 
primarily on either phase separation of a polymer blend, of 
di-block copolymers, or of local modi?cation of surface 
chemistry (i.e., chemical lithography). In self-assembly by 
phase separation, the periodic structures are multidomain, 
and their orientation and locations are uncontrollable and 
random. Along-sought after goal in self-assembly is precise 
control of the orientation and location of a self-assembled 
polymer structure. 

[0010] There is an ongoing need to produce progressively 
smaller pattern siZe. There also eXist a need to develop 
loW-cost technologies for mass-producing microscale and 
sub-micron (e.g. nanometer) structures. Microscale, indeed 
nanoscale and smaller, pattern technology Will have an 
enormous impact in many areas of engineering and science. 
Both the future of semiconductor integrated circuits and the 
commercialiZation of many innovative electrical, optical, 
magnetic, and mechanical microdevices that are far superior 
to current devices Will depend on such technology. 

SUMMARY OF THE INVENTION 

[0011] Technologically, self-assembly promises not only 
loW-cost and high-throughput, but also other advantages in 
patterning microstructures, Which may be unavailable in 
conventional lithography. 

[0012] The present invention is generally directed to the 
formation of patterns in a material through deformation 
induced by a mask placed above a material, as Well as 
assemblies used therefor, and products formed thereby. An 
important aspect of the present invention is novel method, 
referred to herein as “lithographically-induced self-assem 
bly” (LISA). In this process a mask is used to induce and 
control self-assembly of a deformable surface, preferably a 
thin ?lm into a pre-determined pattern. One advantage of the 
present invention is relatively accurate control of the lateral 
location and orientation of a self-assembled structure. Pref 
erably, a substantially uniform, ?lm is cast on a substrate. A 
mask, preferably With protruding patterns representing the 
pattern to be formed in or on the ?lm, is placed above the 
?lm, but physically separated from the ?lm by a gap. The 
mask, the ?lm, and the substrate are manipulated, if neces 
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sary, to render the ?lm deformable. For example in the case 
of a polymer, the polymer ?lm may be heated to a tempera 
ture above the polymer’s glass transition temperature and 
then cooled doWn to room temperature. During the heat-cool 
cycle, the initially ?at ?lm assembles into discrete periodic 
pillar arrays. The pillars, formed by rising against the 
gravitational force and surface tension, bridge the tWo plates 
to form periodic pillar arrays. The pillars generally have a 
height equal to the plate-mask separation. Moreover, if the 
surface of the mask has a protruding pattern, the pillar array 
is generally formed only under the protruding pattern With 
the edge of the array generally aligned to the boundary of the 
mask pattern. After the pillar formation, due to a constant 
polymer volume, there is little polymer left in the area 
betWeen pillars. The shape and siZe of the mask pattern can 
be used to determine the pillar array’s lattice structure. The 
location of each pillar can be controlled by the patterns on 
the mask. This process can be used repeatedly to demagnify 
the self-assembled pattern siZe. This demagni?cation per 
mits a self-assembled structure to have a siZe smaller than 
that of the mask pattern(s). If the demagni?cation is used 
repeatedly, a siZe much smaller than that by a single self 
assembly process can be achieved. This Would alloW for 
progressively smaller pattern-mask-patterns to be formed. 
The basic LISA process can also be modi?ed to form a 
non-pillared pattern that is substantially identical to the 
features of the mask. 

[0013] One embodiment of the present invention is a 
patterning method or method of patterning Which comprises 
depositing a material on a substrate. The material and 
substrate may be already formed, and the material and 
substrate may be the same or different. In this case the step 
of depositing a material Would not be necessary, but rather 
a surface layer(s) Would be selectively manipulated so that 
a predetermined thickness of surface material is deformable. 
This thickness must be small enough that the mask can 
interact With the material through the separation distance to 
form a contact therebetWeen. As is described more fully 
herein, the thin ?lm or surface layer(s) preferably has a 
thickness in the range of about 1 nm to about 2,000 nm, more 
preferably about 10 nm to about 1,000 nm, more preferably 
about 100 nm to about 500 nm and even more preferably 
about 50 nm to about 250 nm. If the deposited material is 
deformable at room temperature (e.g., a liquid polymer or 
polymer dispersion, the material may not need to be 
deformed). If a liquid polymer is used, it may be cured (e.g., 
photo curing) after either pillar formation, usually before 
removal of the mask. For a solid material, it may be 
necessary to render the material deformable, eg by heating 
to a temperature Where the material may ?oW. Deforming by 
heat is a preferred route, but the material or surface layer(s) 
may also be deformed by, other routes (e.g., chemical 
reactions). Heating may occur by any conventional means 
(e. g., laser, light sources, heat radiating or microWave induc 
tion), and the heat may be pulsed or continuous. 

[0014] It is important that the mask be maintained above 
the material or ?lm. A spacer (Which may be integrally or 
non-integrally formed With the mask) is convenient to this 
end. HoWever, an assembly may be used Wherein the mask 
is maintained above said material Without resorting to a 
spacer. 

[0015] The substrate can be any number of compositions 
Which are capable of supporting the ?lm, but the present 
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invention has particular applicability to substrates Which are, 
themselves intended to be processed to have patterns formed 
thereon or therein. The substrate can have pre-eXisting relief 
patterns or be ?at. 

[0016] The mask can be of any suitable material as 
described herein. In many cases, the mask, Will often be very 
similar in composition to the underlying substrate. Indeed, it 
is envisioned to use a suitably patterned substrate from a 
previous LISA process in a second or more LISA process or 
LISC process. The mask can have any suitable surface 
coating and the protrusion may be formed from a surfactant 
or other suitable protruding material (e.g., monolayers or 
self-assembled monolayers) With a different surface energy. 
The protruding pattern may be of varying heights on the 
same pattern resulting in like pillars. Of course, any com 
bination of protrusion pattern protrusion coating or mono 
layer material pattern may be used to form the relief struc 
ture. 

[0017] Another embodiment of the present invention is the 
relief structure formed by either or both the LISA and LISC 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The features, aspects, and advantages of the present 
invention Will become better understood With regard to the 
folloWing description, appended claims, and accompanying 
draWings Wherein: 

[0019] FIG. 1 schematically illustrates lithographically 
induced self-assembly (LISA): (a) a ?at substrate, (b) a thin 
layer of deformable material deposited thereon, (c) a mask 
With a protruding pattern a distance above the deformable 
material; and (d) self-assembly into a periodic supramolecu 
lar pillar array after a heat-and-cool cycle; 

[0020] FIG. 2 is an (a) optical and (b) AFM images of 
periodic pillars formed using a mask of a plain ?at surface. 
The pillars have a closely-packed hexagonal lattice and are 
multi-domain, covering the entire Wafer With a single 
domain siZe of about 50 pm; 

[0021] FIG. 3 is an optical micrograph of (a) a protruding 
triangle pattern on the mask and (b) pillar array formed 
under the triangle pattern using LISA, and (c) AFM of the 
pillar array; 

[0022] FIG. 4 is an optical and AFM images of the LISA 
pillar arrays formed under protruding square patterns of a 
side of (a) 10 pm, (b) 14 pm, and (c) 14 pm. The separation 
betWeen the mask and the substrate (a) 430 nm, (b) 280 nm, 
and (c) 360 nm, respectively; 

[0023] FIG. 5 is (a) optical micrograph of a protruding 
line pattern spelling “PRINCETON” on the mask and (b) 
AFM image of pillars formed under the mask pattern; 

[0024] FIG. 6 is an AFM image of a pillar array formed 
under a grid-line mask pattern With each pillar aligned under 
an intersection of the grid; 

[0025] FIG. 7 (a) illustrates schematically lithographi 
cally-induced self-assembly using a surfactant as the pattern: 
(i) A thin layer of homopolymer cast on a ?at silicon Wafer. 
(ii) Amask of surfactant patterns placed a distance above the 
PMMA ?lm, but separated by a spacer. (iii) During a 
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heat-and-cool cycle, the polymer ?lm self-assembled into a 
periodic supramolecular pillar array. (b) Schematic of the 
experimental setup; 

[0026] FIG. 8 shows the observed dynamic behavior of 
the groWth of the ?rst pillar under a square mask pattern at 
120° C. (a) The polymer Was featureless before heating the 
system. The beginning of 120° C. Was set as time Zero. 
(b)-(f) At 120° C., the polymer under the corners of the mask 
pattern is being pulled up; (g) the ?rst pillar just touched the 
mask; (h)-(i) the pillar expanded to its ?nal siZe; 

[0027] FIG. 9 shoWs the observed dynamic behavior of 
the groWth of an array formed under the square mask pattern 
at 120° C. from the ?rst pillar to the last pillar. The pillars 
Were formed in an orderly manner, one by one, ?rst under 
the corners of the mask pattern, then along the edges, later 
neW corners and neW edges, until the area under the mask 
pattern Was ?lled With pillars. The completion of the ?rst 
pillar Was set as time Zero; 

[0028] FIG. 10 is the atomic force image of the same 
LISApillar array (5x5 pillars) as in FIG. 8 and 9. The pillars 
With a ?at top have a height, diameter, and period of 310 nm, 
5 pm, and 9 pm, respectively The array has a simple cubic 
lattice; 
[0029] FIG. 11 schematically illustrates a proposed model 
for LISA: (a) surface roughening, (b) roughening enhance 
ment due to a long range attractive force, (c) pillar forma 
tion, and (d) self-organiZation; 

[0030] FIG. 12 schematically illustrates lithographically 
induced self-construction (“LISC”) schematic of LISC: (a) a 
thin polymer ?lm cast on a ?at substrate (e.g. silicon), (b) a 
mask With protruding patterns placed a distance above the 
polymer ?lm, (c) during a heat-and-cool cycle, the polymer 
?lm self-constructs into a mesa under a mask protrusion. 
The mesa has a lateral dimension identical to that of the 
mask protrusion, a height equal to the distance betWeen the 
mask and the substrate, and a steep side Wall; 

[0031] FIG. 13 shoWs (a) optical image of protruded 
pattern of “PRINCETON” on the mask, and (b) AFM image 
of the LISC patterns formed underneath the mask pattern 
The LISC pattern duplicates the lateral dimension of the 
mask pattern. 

[0032] FIG. 14 illustrates Self-Assembly (SALSA) of a 
Random-Access Electronic Device. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0033] It is to be understood that the invention is not 
limited to a speci?c article of manufacture or technique 
described herein, and may be implemented in any appropri 
ate assembly or process. Additionally, it should be under 
stood that the invention is not limited to any particular 
material or substrate. As is described herein, a variety of 
types of materials and/or substrate may be used. 

[0034] As described herein, placing a mask a distance 
above a surface, preferably a thin deformable surface results 
in the formation of a self-assembled periodic supramolecular 
array of pillars during a heat-and-cool cycle. The pillars are 
formed in the area under the protruding mask pattern and are 
normal to the substrate. The pillars generally extend all the 
Way to the mask (or to protrusion patterns on the mask). The 
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location of each pillar as Well as the siZe, shape, and lattice 
structure of the array can be controlled by the patterns on the 
mask With a great deal of precision. The period and diameter 
of the pillars also can be controlled, depending, for example, 
on the molecular Weight of the polymer Both the period and 
diameter generally become smaller as the loWer molecular 
Weight of the polymer is loWered. Although not intending to 
be bound by theory, it appears the LISA process involves a 
delicate interplay of surface-roughening, long-range Van der 
Waals forces betWeen the surface and the mask, surface melt 
?oW, Wetting properties of both mask and substrate, trapping 
of triple-phase lines, and balance of attractive and repulsive 
forces. LISA is extendable to other materials such as semi 
conductors, metals, and biological materials. The applica 
tion of LISA and related technologies described herein 
opens up numerous applications in microelectronics, infor 
mation storage, neW materials, biology, and chemistry. 

[0035] Turning With speci?city to the ?gures, FIG. 1 
schematically illustrates the lithographically induced self 
assembly of the present invention. Onto the substrate 31 is 
layered a material 33, Which, in the preferred embodiment, 
is a thin layer of a homopolymer, preferably polymethyl 
methacrylate (PMMA). The PMMA Was ?rst spun on sub 
strate 31, in this case, a silicon Wafer having a substantially 
plain ?at surface, folloWed by baking at 80° C. to drive out 
the solvent. Next a mask 35, typically made of silicon 
dioxide, With a protruding pattern 37 on its surface that faces 
a deformable material 33 is placed above the PMMA ?lm 
33. As is shoWn in FIG. 1, the mask 35 is separated, using 
a spacer 39, from the PMMA by several hundred nanom 
eters. The distance betWeen the protrusion 37 and ?lm 33 is 
preferably in the range of about 10 nm to about 1000 nm, 
more preferable 50 nm to 800 nm, and never more prefer 
ably that about 100 nm to about 700 nm. The spacer 39 may 
be either integrally formed With the mask or a separate 
element (see eg FIG. 12). 

[0036] Pattern forming assembly 41 Was heated from 
room temperature to a temperature above the glass transition 
temperature of the PMMA ?lm 33, and then cooled back to 
room temperature. During the heat-cool cycle, a press or 
chuck 51 (shoWn in FIG. 8b) Was used to hold the substrate 
31, the spacer 39, and the mask 35 (ie the pattern forming 
assembly) in their respective positions, thereby preventing 
substantial relative movement and maintaining the mask 
substrate separation constant. The open space betWeen the 
initial PMMA ?lm 33 and the mask 35 gives the PMMA ?lm 
33 freedom to deform three-dimensionally. Preferably, the 
substrate 31 is Wet to the deformable material 33. In the case 
of a silicon substrate, the silicon substrate surface preferably 
has a thin layer of native oxide, making it a high energy 
surface and Wet to a PMMA melt. In a preferred embodiment 
of the present invention, the mask surface 47 has a mono 
layer surfactant, making it a loW energy surface and non-Wet 
to a PMMA melt. The heat-cool cycling Was performed 
either in atmosphere or a vacuum of 0.3 torr, Which has little 
effects on the ?nal results. The height of the protruding 
patterns 37 on the mask 35 is typically micro scale and 
generally in the range of about 50 nm to about 500 nm (in 
this example 150 nm). 

[0037] It Was observed that Without a mask placed on the 
top, after a heat-cool cycle, the PMMA ?lm 33 remains ?at 
and featureless. But, With a mask 35 placed a certain 
distance above the surface of the PMMA ?lm 33, after the 
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same heat-cool cycle, the initially ?at PMMA ?lm 33 
became self-assembled into periodic supramolecular pillars 
49 shown in FIG. 1. The pillars 49 Were formed only under 
the protruding patterns 37 of the mask 35, but not under the 
recessed areas of the mask 35. The pillars 49 are normal to 
the substrate 31 and extend all the Way from the substrate 31 
to the mask 35, making their height generally equal to the 
initial separation 43 betWeen the substrate 31 and the surface 
of the mask 35. The location of each pillar 49 as Well as the 
siZe, shape and lattice structure of the array is determined by 
the pattern 37 on the mask 35. 

[0038] Avariety of masks having protruding patterns Were 
made. Masks Were formed in a variety of shapes, such as 
triangles, rectangles, squares, lines, and grids. As can be 
seen in FIG. 2, for a mask Without any pattern (i.e., a plain 
?at surface) placed 165 nm above the surface of the PMMA 
?lm, the original ?at PMMA ?lm became, after a heat-cool 
cycle, periodic PMMA 15 pillar arrays With a close-packed 
hexagonal structure of 3.4 pm period, 2.7 pm pillar diameter, 
and 260 nm height. The optical images shoWed that the array 
of pillars 49 are multidomain and everyWhere over the entire 
sample. The average siZe of a single domain is about 50 pm 
(i.e.—15 periods). The atomic force microscopy (AFM) 
shoWed that the top of each pillar 49 is ?at (due to contact 
With the mask) and the sideWall is quite vertical (due to the 
tip siZe effect, the AFM tip is not good for pro?ling the 
sideWall). TWo-dimensional Fourier transform of the AFM 
images shoWed six sharp points arranged in a hexagonal 
shape in the k-space, further con?rming the hexagonal 
lattice structure of the pillars. The initial PMMA thickness 
Was about 95 nm. The substrate and the mask Were heated 
to 130° C. and Were held together for 20 min by a pressure 
of 300 psi. Then they Were cooled doWn for 10 min to room 
temperature before being separated. 

[0039] As can be seen in FIG. 3, for a protruding triangle 
pattern 67 on the mask, a single-domain PMMA pillar 79 
array of a close-packed hexagonal lattice is formed under the 
mask pattern 67. Both optical and AFM images shoW that 
the shape and siZe of the pillar 79 array are identical to that 
of the mask pattern, With the pillars 79 on the edges of the 
array aligned along the edges of the triangle mask pattern 67. 
The polymer initially under the recessed area of the mask 35 
is depleted after the LISA process and no pillars 79 are 
formed under the area. In this example initial thickness of 
the PMMA ?lm 33 Was 95 nm. The initial separation 
betWeen the substrate and the mask pattern 67 Was 530 nm. 
The LISA pillar array is a close-packed hexagonal structure 
that has a periodicity of 3 pm, an average pillar diameter of 
1.6 pm. The triangle mask pattern 67 has a side of 53 pm; 
a larger siZe Will make the pillar array multi-domain. 

[0040] As can be seen in FIG. 4, When the protruding 
patterns on the mask are rectangles and squares, the pillar 
arrays 99a formed in LISA also have a shape and siZe 
identical to the mask patterns With the pillars 99a at the 
edges aligned to the edges of the mask patterns, just as in the 
case of the triangle mask pattern. HoWever, the lattice 
structures of the pillar arrays are not hexagonal. It appears 
that the pillars 99a on the edges are formed and aligned to 
the mask pattern edges ?rst. Then the other pillars Will be 
formed later according to the position of the edge pillars. 
The shape of the mask and the pillar height determine the 
?nal lattice structure of a pillar array. FIG. 4(b) and (c) shoW 
that a same mask pattern geometry but different mask 

Apr. 11, 2002 

substrate separations lead to tWo different lattice structures 
(pillars 99b and 99c). Moreover, the pillars at the edges 
appear to have a diameter slightly larger than other pillars. 

[0041] The siZe and shape of a number mask used in our 
experiment as Well as the diameter, period and height of the 
pillars formed in LISA are summariZed in Table 1 beloW. 

[0042] Table 1 beloW provides a summary of the geometry 
of the mask patterns and the LISA Pillars. 

TABLE 1 

Side Pillar Pillar Pillar 
Mask Length Height Period Diameter 
Geometry (urn) (nm) (um) (um) 

Plain N/A 260 3.4 2.7 
Triangle 53 530 3.0 1.6 
Rectangle 24 x 12 440 3.3 2.0 
Square 10 430 3.5 2.0 

14 280 3 5 2 1 
14 360 3.5 2.0 

Line N/A 530 4.8 2.1 

[0043] The pillar diameter seems to decrease, With 
increasing the pillar height (i.e., the separation betWeen the 
substrate and the mask), that can be understood from the fact 
that the total polymer volume is constant. The pillar period 
Was found to vary slightly With different mask pattern 
geometry. Further experiments shoWed that the pillar period 
and siZe depend on the polymer molecular Weight. When 
PMMA of 15K molecular Weight (made by a vendor differ 
ent from 2K PMMA) Was used, the pillar period and 
diameter became about 8 pm and about 5 pm, respectively. 
It Was also found that as the heating time could impact pillar 
formation. An example of high ratio of pillar height to the 
pillar diameter We achieved is 0.5 (800 nm height and 1.6 
pm diameter). 
[0044] As can be seen in FIG. 5, if the mask pattern is a 
protruding line of a Width less than 5 um, a single pillar line 
Will be formed and aligned under the line pattern. 

[0045] As can be seen in FIG. 6, if the mask pattern is a 
grid, a pillar 109 is formed and aligned under each inter 
section of the grid mask pattern. In this case, the pillar 109 
period is ?xed by the period of the grid on the mask. 

[0046] In LISA, the plate or mask, When placed a distance 
above a thin melt ?lm, preferably a single-homopolymer 
melt ?lm, causes the polymer ?lm, initially ?at on another 
plate, to self-assemble into periodic pillar arrays. The pillars 
form by raising against the gravitational force and the 
surface tension, bridge the tWo plates, having a height equal 
to the plate-mask separation. If the mask surface has either 
a protruding pattern, a surfactant pattern (eg with a shape 
of a triangle or rectangle, etc.), or a combination of the tWo, 
a pillar array is formed under the pattern With its boundary 
aligned to the boundary of the mask pattern and With its 
lattice structure determined by the mask pattern geometry. 

[0047] To monitor the development of the pattern forming 
process of LISA in a polymer ?lm, a monitoring assembly 
110 Was used. The monitoring assembly 110 is shoWn in 
FIG. 7b. In this case, the mask Was made of glass, thus 
alloWing for observation through the mask using an optical 
microscope 112. A CCD camera 114 and video recorder 116 
With a time resolution of 30 millisecond recorded the pattern 










