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l.Introduction
Nanofabrication techniques are indispensable for

fabricating promising devices. Scanning probe lithography
(SPL), which is based on scanning tunneling rnicroscopy
(STM) or atomic force rnicroscopy (AFM), is an effective
method of fabricating nanoscale structures[1]. In a previous
paper, we reported some of the advantages of AFM-based
lithography using a constant-current-controlled exposure
system, they include high resolution, low variation in the
linewidth of the pattern and a negligible proximity effect[2].
Scanning probe lithography has the following disadvantages,
however;
l. A thin-resist film is required to fabricate small patterns
since the resolution depends on the thickness of the resist.
2. Topography or existing steps on the surface cause
deviation from the designed pattern .

3. Resist patterns cannot be formed on insulating surfaces.
Multilayer-resist systems [3], which have been used in

optical lithography and electron-beam lithography to avoid
the standing-wave and proximity effect, are an effective
solution to these problems. K. Kragler et al. fabricated 100-
nm-wide resist patterns, 300 nm thick by STM lithography
using a bilayer-resist system consisting of silicon-containing
positive resist and amorphous hydrogenated carbon[4].

In this report, we describe how we used a trilayer-resist
system to fabricate high-aspect-ratio and high-resolution
resist patterns on a stepped substrate using current-
conffolled AFM lithography.

2. E:rperimental
A commercial contact-rnde AFM system was used to

control the tip position. A tip was coared with 20-40 nm of
Ti. The system had a second feedback system to adjust the
negative-bias voltage applied to the Ti-coating tip in order to
keep the field emission current constant[2],[5]. The current
was 10-100 pA, and the scanning speed of the tip was 0.05-
0.1 mm/s.
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The process flow of the trilayer resist system using SPL is
shown in Fig. 1. The trilayer resist was coated on a 150-
200-nm-stepped Si substrate. We used 300-nm BLOC
(Hitachi Chemical Co. ) as a bottom-planarizing layer, 30-nm
sputtered Si as an intermediate-conductive layer, and 40-nm
RD2100N negative-tlpe resist (Hitachi Chemical Co.) as a
top-imaging layer. The top layer was exposed by applying a
bias voltage between the tip and intermediate layer. After
exposure, the imaging layer was developed using an alkali
developer. The patterns of the top layer were transferred to
the intermediate layer by reactive ion etching (RIE) using
CF+, and the patterns of the intermediate layer were
transferred to the bottom layer by RIE using Oz. The resist
and the developer in the single-layer resist system were the
same as those used for imaging layer in the trilayer resist
system.

3. Results and discussion
The AFM cross-sectional profiles of a l50-nm-stepped

surface before and after being coated with 40-nm single-layer
resist are shown in Figs. 2(a) and 2(b), respectively. The
height of the surface remained 100 nm after it was coated.
The designed and forrned resist patterns on the 150-nm-
stepped surface using a single-layer resist system are shown
in Figs. 3(a) and 3(b), respectively. The patterns were not
formed near the step and the parts of the step were destroyed.
Apparently the tip hit the front of the step, since the
vertical-position could not be controlled by the AFM
feedback. The top of tip, which has a 50-nm radius, therefore
could not reach near the step due to the hindrance

The AFM cross-sectional profiles of a 2O0-nm-stepped
surface before and after being coated with the bottom layer
are shown in Figs. 4(a) and 4(b), respectively. The step was
planarized by the bottom layer. As shown in Fig. 5, line-
and-space resist patterns were fabricated on the 200-nm-
stepped surface by the trilayer-resist system. The linewidth
and aspect ratio were about 50 nm and 7 , respectively. It is
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Fig. 1 Process flow of trilayer-resist system using AFM lithography.
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also possible to fabricate a resist pattern on an insulating
surface by this method because the bias voltage for exposing
the resist can be applied between the tip and the conductive
intermediate layer.

4. Concluslon
We successfully fabricated 50-nm-wide line-and-space resist

pattems, 340 nm thick, on a 20O-nm-stepped substrate by
current-controlled AFM lithography using a trilayer-resist
system. This method also makes it possible to fabricate
patterns on an insulating surface.

We would like to thank Dr. Yasuo Wada for valuable
discussion.
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Fig. 3 (a) Desigrrcd and (b) fonrpd resist pattems on the

I50-nm-stepped surface with a singb-layer resist system.
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Fig. 2 AFM cross-sectional profibs of the l50-nm-stepped

surface (a) before and (b) after being coated with a 40-nm

single-layer resist.

-0 
'l 8 12 16

(tt.)
Fig. 4 AFM cross-sectional profiles of the 200-nm-

stepped surface (a) before and (b) after being coated

with the bottom layer.

Fig. 5 SEM micrographs of line

fabricated on a 200-nm-stepped

resist svstem.
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