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Known electron beam lithography used for manufacturing 
male molds is cost-intensive and very time consuming. As a 
result, conventional highly sensitive electron beam resists 
have an insuf?cient plasma etching resistance and galvanic 
molding makes special demands on the structural pro?le and 
the thermal stability and solubility of the resist structures. 
The novel production and use of lithographically produced 
resist structures as male mold material for use in imprint 

lithography for producing microstructures and nanostruc 
tures should thus overcome the drawbacks associated With 

the conventional procedure for producing male molds. To 
this end, a negative resist system is used Whose lithographi 
cally produced structures correspond to the demands made 
on a male mold for molding thin polymer layers. Litho 
graphically produced structures comprised of curable mate 
rials are thus used for molding, preferably those based on 
photo-reactive epoxy resins. The invention, in turn, enables 
an economical and thereby loW-cost production of male 
mold material. 
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PLASTIC MALE MOLD FOR FABRICATING 
MICROSTRUCTURES AND NANOSTRUCTURES 

USING IMPRINT LITHOGRAPHY 

[0001] The invention describes the fabrication and use of 
lithographically produced resist structures used as mold 
material for imprint lithography for fabricating micro and 
nanostructures. 

THE STATE OF THE ART 

[0002] Structures dimensioned on the nanometer scale 
may be economically fabricated in large numbers by imprint 
lithography. (S. Y. Chou et al. Vac. Sci. Technol. B 15(6) 
(1997), 2897; US. Pat. No. 5,772,905). In this conteXt, 
cost-intensive and time consuming electron beam lithogra 
phy is used only for fabricating the mold. Alarge number of 
imprints may then be produced With the fabricated molds by 
thermal embossing of layers of polymeric materials on 
different substrates. The properties of the electron beam 
resists hitherto available do not, hoWever, permit their direct 
use as molds. FolloWing its development process, the struc 
tural layout imprinted directly on the resist layers must be 
transferred to more stable materials by several partial steps, 
such as plasma etching and galvaniZing (Semi-Conductor 
Lithography, Principles, Practices, and Materials; W. M. 
Moreau, Plenium Press, NeW York, 1988). The structure 
transfer of nano-scaled resist structures to more stable 
inorganic materials poses a number of problems. The plasma 
etching resistance of conventional hyper-sensitive electron 
beam resists is insuf?cient, and their galvanic copying 
process places special demands on the pro?le of the struc 
ture, and on the thermal stability and solubility of the resist 
structures (Introduction to Microlithography; L. E. Thomp 
son et al., ACS Professional Reference Book, American 
Chemical Society, Washington DC, 1994). This may usu 
ally be realiZed by combinations of different polymers or by 
using special auXiliary layers in multiple-layer systems and 
necessitates further partial steps and, therefore, a loss of 
precision and resolution of the structures. 

[0003] It is an object of the present invention to overcome 
the disadvantages inherent in conventional processes of 
mold fabrication. 

[0004] In accordance With the invention, the object is 
accomplished by use of a negative system the lithographi 
cally fabricated structures of Which satisfy the demands 
placed on a mold for embossing thin polymeric layers. 

[0005] The details of the method in accordance With the 
invention are as folloWs. In the conteXt of the invention, 
miXtures of photo-reactive epoXy resins are preferably used 
for fabricating a master structure. In general, they are 
multi-functional aromatic, hetero-aromatic, aliphatic and 
cyclo-aliphatic epoXy resins and include photo-initiators. 
For micro-structuring, the masks are preferably made by 
optical lithography, and for nano-structuring they are made 
by electron beam lithography. The sensitivity of the used 
materials against ultraviolet light and high-energy radiation 
makes it possible to increase their structural stability by 
subjecting their surface to ultraviolet irradiation and by 
thermal after-treatment of the developed structures. This 
results in complete hardening, and the stability attained by 
the structures renders them suitable as embossing tools. The 
high degree of cross-linking prevents thermal ?oW up to the 
thermal decomposition temperature of the polymers at about 
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200° C. The embossing temperatures of many polymers lie 
substantially beloW this temperature. It is particularly advan 
tageous if the layer to be embossed also consists of a curable 
material based on a photo-reactive epoXy resin. The emboss 
ing process may be carried out in a manner similar to the one 
used in connection With thermoplastic polymers. In the 
absence of UV radiation, cross-linking is substantially pre 
vented at temperatures up to 180° C. Because of the loW 
glass temperature and molar mass of such systems, the 
preferred embossing temperatures lie in the range of 60-140° 
C., preferably 80-120° C., at an embossing pressure in the 
range of 40-100 bar, preferably 60-80 bar. Structural pro?les 
of eXcellent thermal and mechanical stability are attained, 
separate from the embossing tool, by subsequent UV surface 
irradiation and thermal after-processing at up to 150° C. The 
embossed structures may thus also be used as molds. The 
surface UV irradiation may be carried out by a high pressure 
mercury lamp. 

[0006] The preferred dosage is in the range of 100-1000 
mJ/cm2. Thermal processing may take place at a temperature 
up to 200° C., Without any thermal decomposition of the 
cross-linked polymer being noticeable. Instead of photo 
reactive epoXy systems, it is, of course, also possible to 
emboss other thin-layered polymers. EXamples of such 
polymers are thermoplastic polymers having a glass tem 
perature of <150° C., and curable pre-polymers. The thermal 
stability of most mold materials lies at about 200° C. 

[0007] The principle of the structure transfer is shoWn 
schematically in the ?gure. The master structure fabricated 
in a resist by electron beam lithography is embossed (1) 
under pressure and temperature, into a coated material. This 
results in a negative image of the mold (2) used. Where the 
polymer layer to be embossed consists of photo-reactive 
epoXy resins, the embossed image may also be used as a 
mold (3) Which then results in the original structural layout 
of the initial mold In order to increase the thermal and 
mechanical stability, folloWing each embossing step, UV 
surface irradiation and thermal after-processing are per 
formed to yield the required stability. 

m is: 

[0008] Without claiming completeness, the folloWing 
eXamples Will describe the invention in greater detail. 

EXAMPLE 1. 

[0009] Structure transfer in thin polymeric layers. 

[0010] Fabrication of the layout of the mold: 

[0011] A 4 inch silicon Wafer Was coated at a rotational 
velocity of 4,000 rpm With a resist material mr-L-6000.1 of 
the company micro resist technology GmbH (basic material 
photo-reactive epoXy resins) and subsequently thermally 
treated for 3 minutes on a heating plate at 90° C. The layer 
had a thickness of 100 nm. The desired structure Was 
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inscribed With an electron stylus at an energy of 30 kV and 
a dosage of 5 ptC/cm2 and developed by processing in 
PGMEA. Thereafter, the developed structure Was irradiated 
by UV light at a dosage of 1,000 mJ/cm2 and then thermally 
after-processed on a heating plate at 150° C. The fabricated 
resist mask Was subsequently embossed into a polymeric 
layer of 300 nm thickness and consisting of the same resist 
system (mr-L6000.5), at an embossing temperature of 80° C. 
and pressure 60 bar. The use of per?uoro octyl silane as a 
separation agent results in a separation Without any prob 
lems. The quality of the imprint corresponded to the struc 
ture of the male mold. The smallest structure resolution Was 
about 30 nm. 

EXAMPLE 2 

[0012] The resist structure fabricated in eXample 1 and its 
copy Were used in nano imprint lithography for embossing 
the structure (table). Compared to a SiO2—mold no differ 
ences in quality resulted in copying the structure. 

Polymer Layer Embossing Embossing 
Mold D = 300 nm Temperature (° C.) Pressure (bar) 

SiO2 mr-I 80301 180 100 
SiO2 mr-I 8030 180 100 
Resist structure mr-I 8030 180 100 
Copy mr-I 8030 180 100 
Resist structure mr-I 90302 160 100 
Copy mr-I 9030 160 100 
Resist structure mr-L 6000.53 80 80 
Copy mr-L 6000.5 80 80 
Resist structure PMMA 180 100 
Copy PMMA 180 100 

1aromatic polymethacrylate; 
2aromatic allyl prepolymer; 
3epoxy resin system 

1. The invention relates to the fabrication of micro and 
nano structures by heat embossing, characteriZed by the fact 
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that for copying lithographically produced structures are 
used Which consist of curable materials, preferably based on 
photo-reactive epoXy resins and the structure transfer is 
preferably carried out in thin layers. 

2. according to claim 1 characteriZed by the fact that 
preferably structured resist layers based on photo-reactive 
aliphatic, aromatic, cyclo-aliphatic epoXy resins and miX 
tures thereof are used. 

3. according to claim 1 characteriZed by the fact that the 
master structures used for the micrometer range are prefer 
ably fabricated by optical lithography and for the nanometer 
range in particular are fabricated by electron beam lithog 
raphy. 

4. According to claim 1 characteriZed by the fact that the 
structure transfer is preferably carried out in polymeric 
layers the layer thicknesses of Which are less than 1 
micrometer. 

5. according to claim 3 characteriZed by the fact that 
folloWing the development process the master structures are 
after-treated by UV surface irradiation in the dosage range of 
200-2,000 mJ/cm2, preferably betWeen 500-1,000 mJ/cm2 
and at a temperature of 50-180° C., preferably betWeen 
120-150° C. 

6. according to claim 1 characteriZed by the fact that the 
layers to be embossed consist of thermoplastic polymers the 
glass temperatures of Which preferably are beloW 150° C. 

7. according to claim 1 characteriZed by the fact that the 
layers to be embossed consist of curable polymers. 

8. according to claim 6 characteriZed by the fact that the 
curable polymers preferably consist of photo-reactive epoXy 
resins. 

9. according to claim 6 characteriZed by the fact that the 
curable polymers preferably consist of cross-linkable allyl 
polymers. 

10. according to claim 7 characteriZed by the fact that 
after hardening the embossed structures are used as emboss 
ing tools. 


