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Nanoimprint of non-uniform density or size distributions presents challenges due to resulting flow dynamics in micron and nanometer scale dimensions. Controlling the viscosity of the polymer in select parts of a design may be desirable to help overcome such difficulties. Many new approaches to the incorporation of functional materials into devices require the patterning of polymer-nanoparticle composites. In this work we explore the local modification of polymer matrix material to engineer the viscosity of the starting layer prior to thermal nanoimprinting.  

PMMA is a well known material in the field of microfabrication, primarily due to its use as an electron-beam resist material, with widespread use as a matrix supporting nanoparticle-based composites. Its use as a resist has been extensively studied, and it has long been known that the long polymer chain suffers scission when exposed to different radiation sources, such as electron beams and ultraviolet exposures [1]. Detailed understanding of the fundamental processes is still an active area of research with PMMA used as a well documented material [2]. 

In this work, we report on experiments that carried out the local modification of polymer properties prior to the thermal nanoimprint process. Exposure at 220nm ultraviolet irradiation leads to scission of polymer. A contact aligner tool with Hg lamp with estimated 2mW of power was used. Figure 1 shows a typical imprinted pattern consisting of ridges of PMMA that filled trenches etched into a silicon master treated with FOTS. Sub-micron lines are correctly filled by the PMMA during the thermal imprint process, however micron-scale lines suffer from incomplete filling of the cavities in the mold. Figure 2 shows the behavior of PMMA films with different molecular weight after the thermal imprint process with and without a 12 mJ UV irradiation process.  We will discuss the scission of the PMMA and resulting increase in viscosity leading to the observed enhancement in the nanoimprint process. 
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[bookmark: _GoBack]Figure 1 – Micrograph of typical area of a 100 nm thick 950K PMMA with lines of increasing width spaced by 20m for (a) no UV; and (b) 12mJ UV irradiation. Large fraction of the smaller lines show filling of trenches, with decreasing filling for wider lines. (c) AFM of partial filling of 5 m trenches leading to non-continuous ridge of PMMA in sample.
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Figure 2 – (a) Graph of increase in imprint line area with and without modification by UV irradiation. Percent line coverage versus linewidths from 300nm to 5 m for a film of 495 AMU molecular weight PMMA, 157-nm thick, imprinted at 250C and 1.3MPa (200psi) for 120 s. (b) Profilometer trace of ridges in the PMMA film on the nanoimprinted UV exposed film. 
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