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(57) ABSTRACT 

Amethod for replicating a high resolution three-dimensional 
imprint pattern on a compliant media is disclosed. The 
compliant media carries an imprint stamp that includes 
three-dimensional features that can be used as an imprint 
stamp in a roll-to-roll transfer printing process. The com 
pliant media can be made to any siZe and can be connected 
With a belt or a cylinder. The compliant media can be 
optically transparent and the belt or cylinder can also be 
optically transparent so that a light source positioned inside 
or outside the belt or the cylinder can irradiate another media 
that is urged into contact With the compliant media. 
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METHOD OF REPLICATING A HIGH 
RESOLUTION THREE-DIMENSIONAL IMPRINT 

PATTERN ON A COMPLIANT MEDIA OF 
ARBITRARY SIZE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a method 
for replicating a three-dimensional imprint pattern on a 
compliant media of arbitrary siZe. More speci?cally, the 
present invention relates to a method for replicating one or 
more photopolymer shims that include an imprint stamp on 
a compliant media that can be used to transfer a high 
resolution three-dimensional imprint pattern carried on the 
imprint stamp to another media that is brought into contact 
With the compliant media in a soft lithography printing 
process. 

BACKGROUND OF THE INVENTION 

[0002] Large scale shims are often created from smaller 
masters using a process called recombination. In recombi 
nation, a small master stamp is alternately heated and cooled 
While embossing a thermoplastic substrate. As a result, a 
pattern in the master stamp is transferred to the thermoplas 
tic substrate. The thermoplastic substrate can then be plated 
or otherWise coated to create other shims. The machines 
used for the aforementioned process are expensive (e.g. 
£890,000) and are not guaranteed to Work With patterns that 
are submicron (i.e. less than 1.0 mm) in dimension due to a 
relatively high viscosity of the thermoplastic substrate When 
in a molten state. Other proprietary processes are available, 
such as automated holographic systems, for example. HoW 
ever, those proprietary systems are also expensive and the 
cost per shim can exceed several thousand dollars per shim. 

[0003] Polydimethyl Siloxane (PDMS), a silicone rubber, 
is Widely recogniZed as a good material for soft lithography 
because of its ?exibility, non-stick properties, and transpar 
ency to ultraviolet light. HoWever, in thin sheets, PDMS is 
very dif?cult to handle because it is elastic, tears easily, and 
tends to stick to itself. 

[0004] Consequently, there is a need for a loW cost, 
durable, and easy to handle compliant media for carrying an 
imprint stamp for use in a soft lithography process. There is 
also a need for a compliant media that can support an imprint 
stamp having submicron feature siZes. There exists a need 
for a compliant media that is optically transparent, particu 
larly to ultraviolet light. Finally, there is a need for a 
compliant media that is ?exible, durable, and can be con 
nected With a belt or a cylinder. 

SUMMARY OF THE INVENTION 

[0005] Broadly, the present invention is embodied in a 
method for replicating a high resolution three-dimensional 
imprint pattern on a compliant media of arbitrary siZe. The 
compliant media can be connected With a ?exible belt 
material or it can be connected With a cylinder. The com 
pliant media carries an imprint stamp that can include 
features having a submicron (i.e. less than 1.0 pm) feature 
siZe. The compliant media can be made any siZe and the 
imprint patterns carried by the compliant media can be made 
from the same master substrate or from different master 
substrates. 
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[0006] Advantages of the compliant media of the present 
invention include it can be manufactured at a loW cost in a 

bench top laboratory environment, the compliant media is 
durable, ?exible, and can be made from optically transparent 
materials, particularly, materials that are optically transpar 
ent to ultraviolet light. The compliant media can be con 
nected With an optically transparent belt or cylinder for use 
in a soft lithography process Wherein the imprint stamp 
carried by the compliant media is used to emboss another 
substrate that can be coated With a photopolymer material 
and is then cured by an ultraviolet light source contempo 
raneously With the embossing step. 

[0007] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrating by Way of example the principles of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIGS. 1 through 5 depict patterning and etching a 
master substrate to de?ne an imprint pattern according to the 
present invention. 

[0009] FIG. 6 depicts a release layer conformally depos 
ited on an imprint pattern according to the present invention. 

[0010] FIG. 7 depicts a silicon-based elastomer layer 
deposited over a release layer according to the present 
invention. 

[0011] FIGS. 8 through 10 depict separating a silicon 
based elastomer layer from a release layer to form an imprint 
stamp according to the present invention. 

[0012] FIG. 11 depicts applying a thin plastic ?lm to a 
silicone rubber backing according to the present invention. 

[0013] FIG. 12 depicts a coating of a thin plastic ?lm With 
a photopolymer solution according to the present invention. 

[0014] FIGS. 13 and 14 depict a spreading of a photo 
polymer solution to form a photopolymer layer over a thin 
plastic ?lm according to the present invention. 

[0015] FIG. 15 depicts a placing of a patterned side of an 
imprint stamp on a photopolymer layer according to the 
present invention. 

[0016] FIG. 16 depicts curing a photopolymer layer 
according to the present invention. 

[0017] FIG. 17 depicts removing an imprint stamp from a 
photopolymer layer according to the present invention. 

[0018] FIG. 18 depicts a photopolymer shim formed in a 
photopolymer layer according to the present invention. 

[0019] FIG. 19 depicts a ?uorocarbon coating deposited 
on a photopolymer shim according to the present invention. 

[0020] FIG. 20 depicts a photopolymer shim attached to a 
support substrate according to the present invention. 

[0021] FIG. 21 depicts a shim stock attached to a support 
substrate and a pre-heating of the support substrate accord 
ing to the present invention. 

[0022] FIGS. 22 and 23 depict coating and spreading a 
silicone-based elastomer material over of a photopolymer 
shim and a shim stock according to the present invention. 
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[0023] FIG. 24 depicts a heating of a support substrate 
according to the present invention. 

[0024] FIGS. 25 through 27 depict applying a transfer 
adhesive to a compliant media according to the present 
invention. 

[0025] FIG. 28 depicts separating a compliant media from 
a support substrate according to the present invention. 

[0026] FIG. 29 is a top plan vieW and a cross-sectional 
vieW of an imprint pattern carried by a photopolymer shim 
according to the present invention. 

[0027] FIG. 30 depicts a compliant assembly according to 
the present invention. 

[0028] FIGS. 31a through 34b depict attaching a compli 
ant assembly to a cylinder according to the present inven 
tion. 

[0029] FIGS. 35 through 37b depict attaching a compli 
ant assembly to a belt material according to the present 
invention. 

DETAILED DESCRIPTION 

[0030] In the folloWing detailed description and in the 
several ?gures of the draWings, like elements are identi?ed 
With like reference numerals. 

[0031] As shoWn in the draWings for purpose of illustra 
tion, the present invention is embodied in a method for 
fabricating a high resolution three-dimensional imprint pat 
tern on a compliant media of arbitrary siZe. The compliant 
media can be connected With another substrate such as a 
cylinder or a belt. The belt can be a ?exible belt. After 
connection With the substrate, the imprint pattern can be 
used as part of a lithographic print process, Wherein, another 
coated substrate is passed under the belt or cylinder and the 
imprint pattern on the compliant media is embossed (i.e. 
transferred) to the coated substrate. The coated substrate can 
be coated With a material such as a photopolymer and the 
photopolymer can be cured contemporaneously With the 
embossing in order to ?X the imprinted pattern in the 
photopolymer. 
[0032] In FIGS. 1 through 4, a master substrate 11 is 
patterned and then etched to form an imprint pattern 20 
therein. In FIG. 1, the master substrate 11 is coated With a 
material 155 that Will serve as an etch mask. The material 
155 can be a photoresist material that is commonly used in 
the microelectronics art. A mask 151 that carries a pattern 
153 to be formed in the master substrate 11 is illuminated 
With light 154 Which eXposes the material 155 With the 
pattern 153. 

[0033] In FIG. 2, the material 155 is developed to remove 
those portions of the material 155 that Were eXposed to the 
light 154. In FIGS. 2 and 3, the master substrate 11 is etched 
With an etch material to remove those portions of the master 
substrate 11 that are not covered With the material 155. As 
a result, in FIG. 3, a plurality of imprint patterns 20p are 
formed in the master substrate 11. In FIG. 4, the imprint 
patterns 20p de?ne an imprint stamp 20 on the master 
substrate 11. 

[0034] The imprint stamp 20 can include imprint patterns 
20p that vary in all three dimensions of Width, length, and 
height. In the cross-sectional vieW of FIG. 4 and the top plan 
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vieW of FIG. 5, the imprint patterns 20p vary in a Width 
dimension do, a height dimension ho, and a length dimension 
L0. The actual dimensions of the imprint patterns 20p Will be 
application dependent and Will depend to a large eXtent on 
the lithography process used for the patterning the material 
155. For eXample, if a state-of-the-art microelectronics 
lithography process is used, then the dimensions (do, ho, LO) 
can be of a sub-micrometer scale, that is, less than 1.0 pm. 
For instance, the imprint patterns 20p can be nano-imprint 
patterns that can have dimensions (do, ho, LO) of 100.0 nm 
or less. Accordingly, the imprint stamp 20 Would be a 
nano-imprint stamp With imprint patterns 20p that have 
nanometer-siZe dimensions (do, ho, L0). 

[0035] Lithography processes that are Well understood in 
the microelectronics art can be used to pattern and etch the 
master substrate 11. For eXample, a photolithography pro 
cess using a photoresist for the material 155 and an etch 
process such as reactive ion etching (RIE) can be used to 
form the imprint stamp 20 in the master substrate 11. 

[0036] Suitable materials for the master substrate 11 
include but are not limited to a silicon (Si) substrate and a 
silicon (Si) Wafer. In FIG. 5, the master substrate 11 is a 
silicon Wafer With a Wafer ?at 11F. Four of the imprint 
stamps 20 are formed in the master substrate 11. The silicon 
Wafer can be any siZe. For eXample a 4.0 inch silicon Wafer 
Was used as the master substrate 11 for four of the imprint 
stamps 20. Larger diameter silicon Wafers (eg 8 inch or 12 
inch) can be used to provide a larger surface area for more 
of the imprint stamps 20 or for larger imprint stamps 20. 
Although the imprint patterns 20p appear to be identical in 
FIG. 5, the imprint stamps 20 can include imprint patterns 
20p that vary (ie are not identical) among the imprint 
stamps 20. 

[0037] In FIG. 6, a release layer 13 is deposited over the 
imprint patterns 20p. The release layer 13 includes a ?rst 
thickness t1 that is operative to conformally coat the imprint 
patterns 20p such that the ?rst thickness t1 is substantially 
equally thick on the vertical and the horiZontal surfaces of 
the imprint patterns 20p. Suitable materials for the release 
layer 13 include but are not limited to a ?uorocarbon 
material. As an eXample, the ?uorocarbon material for the 
release layer 13 can be deposited using a plasma deposition 
of a tri?uoromethane (CHF3) gas for about 5.0 minutes. 

[0038] The ?rst thickness t1 Will be application dependent; 
hoWever, as Will be discussed beloW, the release layer 13 is 
operative to provide a non-stick surface upon Which to apply 
a silicone-based elastomer material that Will later be released 
from the release layer 13. Therefore, the release layer 13 can 
be a very thin layer having a ?rst thickness t1 that is from 
about 50.0 nm to about 150.0 nm thick. 

[0039] In FIG. 7, a silicone-based elastomer layer 15 is 
deposited over the release layer 13 to a ?rst depth d1 that 
completely covers the imprint patterns 20p. To obtain a 
uniform thickness for the silicone-based elastomer layer 15, 
the master substrate 11 should be substantially level. This 
can be accomplished by placing the master substrate 11 on 
a level surface or a level vacuum chuck prior to depositing 
the silicone-based elastomer layer 15, for eXample. 

[0040] The silicone-based elastomer layer 15 is then cured 
by heating H the master substrate 11. The curing can be 
accomplished by baking the master substrate 11 at a prede 
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termined temperature for a predetermined amount of time. 
The actual time and temperature Will be application depen 
dent and Will also depend on the type of material used for the 
silicone-based elastomer layer 15. Suitable materials for the 
silicone-based elastomer layer 15 include but are not limited 
to Polydimethyl SiloXane (PDMS), DOW CORNING® sili 
cone-based conformal coatings including SYLGARD® 182 
silicone elastomer, SYLGARD® 183 silicone elastomer, 
SYLGARD® 184 silicone elastomer, and SYLGARD® 186 
silicone elastomer. 

[0041] The ?rst depth d1 of the silicone-based elastomer 
layer 15 can be application dependent. HoWever, in a 
preferred embodiment, the ?rst depth d1 of the silicone 
based elastomer layer 15 is from about 0.5 mm to about 1.5 
mm. For PDMS or the DOW CORNING® SYLGARD® 
silicone-based elastomers, the curing of the silicone-based 
elastomer layer 15 can be accomplished by baking the 
master substrate 11 in an oven or the like. The predetermined 
temperature and the predetermined amount of time for the 
curing can be for about 4.0 hours at a temperature of about 
100.0° C. 

[0042] In an alternative embodiment, also illustrated in 
FIG. 6, prior to the above mentioned curing step, a cover 
layer 16 having a second thickness t2 is applied over the 
already deposited silicone-based elastomer layer 15. Pref 
erably, the cover layer 16 is a Polyester ?lm and the second 
thickness t2 is from about 50.0 pm to about 150.0 pm. The 
cover layer 16 may be used to planariZe any surface anoma 
lies in the silicone-based elastomer layer 15 that cause 
deviations from a substantially planar surface 15s of the 
silicone-based elastomer layer 15. 

[0043] After the curing step, a complementary image of 
the imprint patterns 20p are replicated 20r in the silicone 
based elastomer layer 15 such that an imprint stamp 20a is 
formed in the silicone-based elastomer layer 15 (see FIGS. 
8 through 10). 

[0044] In FIG. 7, after the curing step, the silicone-based 
elastomer layer 15 is released from the release layer 13. Atip 
of a pair of tWeeZers or an edge of a knife or raZor, such as 
an X-Acto® Knife, can be used to separate the silicone 
based elastomer layer 15 from the release layer 13 as 
depicted by a knife edge K and a dashed arroW inserted 
betWeen the silicone-based elastomer layer 15 and the 
release layer 13. The silicone-based elastomer layer 15 can 
then be lifted off of the release layer 13 by grabbing an edge 
of the silicone-based elastomer layer 15 and peeling off (see 
dashed arroW P) the silicone-based elastomer layer 15 from 
the release layer 13. If the above mentioned cover layer 16 
is used, then the cover layer 16 is removed from the 
silicone-based elastomer layer 15 before the silicone-based 
elastomer layer 15 is released from the release layer 13. 

[0045] In FIGS. 8, 9, and 10, the imprint stamp 20a is 
removed from an eXcess portion of the silicone-based elas 
tomer layer 15 that surrounds the imprint stamp 20a. If the 
above mentioned cover layer 16 is used, then the imprint 
stamp 20a is removed from an eXcess portion of the silicone 
based elastomer layer 15 and the cover layer 16 that sur 
round the imprint stamp 20a. 

[0046] In either case, the imprint stamp 20a can be 
removed from the eXcess portion by placing the silicone 
based elastomer layer 15 on a substantially ?at substrate 21 
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and then cutting C around a perimeter (see dashed lines in 
FIGS. 8 and 9) of the imprint stamp 20a to release the 
eXcess portions of the silicone-based elastomer layer 15 or 
the silicone-based elastomer layer 15 and the cover layer 16 
from the imprint stamp 20a. A knife, raZor, die, or the like 
can be used to accomplish the cutting as depicted by a knife 
K in FIG. 9. After the imprint stamp 20a has been released, 
the eXcess portions (15, or 15 and 16) can be peeled off of 
the substantially ?at substrate 21 so that the imprint stamp 
20a is no longer connected With the eXcess portions (see 
FIG. 10). The substantially ?at substrate 21 can be a 
material including but not limited to a glass, a metal, a 
plastic, and quartZ. For eXample, the substantially ?at sub 
strate 21 can be a glass plate. 

[0047] Optionally, the above mentioned steps may be 
repeated as necessary to produce additional imprint stamps 
20a using the master substrate 11. One advantage of the 
present invention is that the master substrate 11 is not 
damaged by the aforementioned process steps. Conse 
quently, the same master substrate 11 can be repeatedly used 
to produce several imprint stamps 20a. Therefore, the cost of 
patterning and etching the master substrate 11 and deposit 
ing the release layer 13 can be amortiZed over several 
imprint stamps 20a. 

[0048] Another advantage of the present invention is that 
the master substrate 11 need not be cleaned after each use in 
order to remove contaminants, such as dust particles, 
because the silicone-based elastomer layer 15 ?oWs around 
the particles and entrains them. Consequently, the master 
substrate 11 is self-cleaning because the particles are 
removed With the silicone-based elastomer layer 15. 

[0049] In FIG. 11, a ?at and thin plastic ?lm 33 having a 
third thickness t3 is placed on a ?at and compliant silicone 
rubber backing 31 having a fourth thickness t4. Suitable 
materials for the thin plastic ?lm 33 include but are not 
limited to a Polymide and a Polyester (PET, Polyethylene 
Terephthalate). The third thickness t3 and the fourth thick 
ness t4 Will be application dependent. Preferably, the third 
thickness t3 of the thin plastic ?lm 33 is from about 40.0 pm 
to about 100.0 pm and the fourth thickness t4 of the silicone 
rubber backing 31 is from about 0.125 inches to about 0.25 
inches. The fourth thickness t4 of the silicone rubber backing 
31 should be selected to ensure the silicone rubber backing 
31 is complaint (i.e. not stiff). 

[0050] In FIG. 12, a surface 33s of the thin plastic ?lm 33 
is coated With a photopolymer solution 35. The photopoly 
mer solution 35 can include but is not limited to a mixture 
of about 50% of a photopolymer material and about 50% 
acetone. As Will be describe beloW, the acetone Will evapo 
rate leaving a substantially photopolymer layer on the sur 
face 33s of the thin plastic ?lm 33. The photopolymer 
material can include but is not limited to a NorIandTM 
Optical Adhesive that cures When eXposed to ultraviolet 
light. Preferably, the photopolymer material Will cure in a 
time from about 5.0 seconds to about 60.0 seconds. For 
eXample, a Norland® NOA 83H photopolymer can be used 
for the photopolymer solution 35. 

[0051] In FIGS. 13 and 14, the photopolymer solution 35 
is spread over the surface 33s of the thin plastic ?lm 33 to 
form a photopolymer layer 35 having a ?fth thickness t5. 
Preferably, the spreading of the photopolymer solution 35 is 
accomplished using a Mayer bar M1 that is Wound With a 














