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HSQ is a popular resist for electron-beam lithography (EBL). High resolution down to 4.5 nm half
pitch was achieved with tuning of the development of HSQ [1]. However, such narrow lines
were achieved in thin resist and the contrast was low, and successful pattern transfer into
underneath structures was limited to 15nm half pitch [2]. Part of the requirement for high-quality
pattern transfer is the thickness of resist, which may place the limit on the resolution, unless a
thick sacrifice layer is placed underneath a thin imaging layer.

Here we propose a method to achieve high resolution and thick resist using a bi-layer
resist approach and spatial frequency doubling. The process flow of halving the pitch and
reducing the line width is shown in Figure 1. We first spun ~30nm thick HSQ on a silicon wafer.
60nm-pitch gratings with 40nm wide teeth were written using the Leica VB6 High Resolution
EBL system. The pattern was developed using 25% Tetramethylammonium Hydroxide (TMAH).
Next, PMMA resist of ~70nm thickness (molecular weight 950K) was spun on the wafer and it
was placed in vacuum to ensure that PMMA completely filled the HSQ trenches. Gratings of
20nm line width and 60nm pitch were written in PMMA with EBL. The PMMA gratings were
aligned to the HSQ gratings and shifted by half the pitch (30nm) using pre-patterned gold
alignment marks. Cold development at 6°C was adopted for PMMA development to achieve a
clean profile [2].

To achieve spatial frequency doubling, RIE with CF4/Ar chemistry was employed to etch
HSQ using PMMA as an etch mask. Fig. 2 shows an SEM micrographe of the initial results.
HSQ lines of 40nm were thinned down to a line width of ~10nm while the pitch was halved from
60nm to 30nm. To get even thinner lines, we will carefully optimize the PMMA writing and etch
conditions. Our method has the potential of getting extremely narrow lines in a relatively thick
HSQ film (30nm), e.g. high aspect ratio, since the capillary force associated with wet
development can be avoided in our dry-etch process.

Our initial demonstration here achieved a pitch of 30nm with a starting pitch of 60nm.
We are able to write 26nm pitch gratings in HSQ, and hope to achieve pitches down to 15nm
with reasonable thickness.
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Figure 1. Schematic of the process flow: (a) Negative resist HSQ gratings were patterned with EBL; (b) Positive
resist PMMA gratings were aligned and written with EBL; (c) Patterned PMMA is used as an etch mask to etch
HSQ using RIE; (d) PMMA is removed to getlOnm HSQ lines with 30nm pitch gratings.

Figure 2. SEM micrographs of sub 10nm lines of HSQ with a pitch of 30nm using PMMA and HSQ double
patterning.



