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Nanoimprint lithography (NIL) is attracting considerable attention from many industries, 
and supported as the prime candidate for next generation lithography. There are many 
polymers that can be used as the replication materials in imprinting. In particular, hydrogen 
silsesquioxane (HSQ) is very useful owing its unique property to enable imprinting at 
room-temperature, meaning that NIL using HSQ as the replication material completely 
eliminates resist-thermal cycle and UV exposure. Therefore, HSQ allows a precise 
nanopattern replication with a simple and low cost process in imprinting. HSQ also has many 
efficient properties such as low dielectric constants below 3.0.  

There are two different schemes on the HSQ polymer structure, as shown in Fig. 1. One 
HSQ-caged structure (Fig. 1(a)) and the other HSQ ladder structure (Fig. 1(b)). In previous 
experiments on the HSQ pattern replication, we used HSQ contained both caged- and ladder 
structure (FOX-16, Dow Corning Co.) as the replication material. In this report, we newly 
propose HSQ with ladder structure (OCD T-12, Tokyo Ohka Kogyo Co. Ltd) as the 
replication material, and compare the two types of HSQ.  

Figure 2 shows baking temperature dependence of imprinted pattern profiles of the two 
kinds of HSQ. Both HSQ resins formed by spin-coating were successfully imprinted at RT 
with 50 MPa pressure, as shown in Figs. 1(a) and 1(e). However, as Fig. 2(b) shows, patterns 
imprinted using the caged-HSQ as the replication material completely disappeared when 
baked at 300oC. This was attributed to a network structure formation by opening the 
HSQ-caged structure during the baking. While the pattern collapse was prevented by O2 
plasma preirradiation before baking, we found a severe problem that some cracks were 
formed into the caged-HSQ imprinted patterns with O2 plasma irradiation beforehand after 
baked at 800oC, as shown in Fig 3. On the other hand, the ladder HSQ showed a contrasting 
result that the patterns without any treatment remained almost the same as the profile without 
baking, even at a high baking temperature of 1000oC, as shown in Fig. 2(h). This is an 
excellent characteristic of the ladder HSQ imprinted patterns in high- temperature annealing. 

Figure 4 shows a ladder HSQ pattern imprinted with 1 MPa by liquid-phase HSQ method 
that we previously developed. In this case, the imprint temperature was RT. 

These results indicate that the ladder HSQ is more suited as the replication material than 
the caged HSQ currently used. 
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Figure 1. Two different schemes of HSQ. (a) Caged structure and (b) ladder structure 
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Figure 2. Baking temperature dependence of imprinted pattern profiles of the two kinds of HSQ. 
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Figure 3. Caged HSQ imprinted patterns 
with O2 plasma after 800oC baking. While 
the rectangular shapes remained, some
cracks formed into the patterns. 

Figure 4. HSQ pattern imprinted by 
liquid-phase HSQ method 
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