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Introduction
Electron-beam lithography offers very high resolution patterns

without the need for masks. Systems based on electron microscopes
offer entry into electron-beam lithography at reasonable cost. Such
systems are becoming popular in research environments due to their
versatility and reasonable cost.

While these systems work well they do have problems writing
on insulating substrates. The insulating substrate causes charge to
build up from the incident electron-beam. As the charge builds up
on the surface of the insulator, the incident beam is distorted and
moved in x and y. The result is a lack of positioning accuracy on
the patterns as well as pattern distortion.

To overcome the problem of substrate charging, lithographers
resort to placing a layer of gold or other metal on top of the resist.
The resist is exposed through the metal and the metal removed
before developing the resist. A similar technique is to use a conduc-
tive polymer on top of or under the resist to dissipate charge (1).
Both of these techniques add complexity to the process as well as
increasing the potential of contaminating the substrate.

In the current study, the authors wanted to examine the use of
a variable pressure SEM to write patterns without having to coat the
samples with metal or other conductive material. This technique
would potentially simplify writing on insulators while maintaining
high pattern resolution.

Sample 1. Silicon patterned at low pressure

Sample 2. Silicon patterned at 30 Pa.

Figure 1. Layout of the pattern used to expose the three samples.

Method
Three samples were exposed using the pattern in figure 1. The

area inside of the dark circles was written by the beam. All three
samples had the same thickness of PMMA photo resist (about 2,000
A). The same SEM was used for each exposure and all were exposed
at 30,000 volts. Samples were exposed using either standard high
vacuum mode or using variable pressure mode. For variable pres-
sure mode the ambient was nitrogen and the pressure was 30 Pa.
All exposures received the same electron dose.

Sample 3. Sapphire patterned at 30 Pa.

• Sample 1 was silicon written using high vacuum mode.
• Sample 2 was silicon written using variable pressure mode at

30 Pa.
• Sample 3 was sapphire written using variable pressure mode at

30 Pa.
After exposure, the samples were developed and 50 A of gold

was deposited for SEM imaging. The samples were placed back in
the SEM to measure the spacing between the circles. Four measure-
ments were taken of each sample and averaged.
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Results
Figures 2 through 4 are images of the three samples annotated with

the line width measurements. Table 1 lists the measurement results.

Width 1 (nm)

Width 2 (nm)

Width 3 (nm)

Width 4 (nm)

Average Width

Sample 1
Silicon, High

Vacuum
52

52

62

55

55

Sample 2
Silicon, 30 Pa.

59

57

57

73

62

Sapphire,
30 Pa

66

52

57

57

57

Table 1. Line width measurements of the three samples.

There was a maximum variation of only 7 nm between the three
samples. Given the minimum line width of this system of 15 to 20 nm
it can be seen that the variation within this experiment is less that the
width of a single line.
Conclusions

This work demonstrates that it is possible to write nano-scale pat-
terns on insulators using a variable pressure electron microscope. The
use of variable pressure allows writing on insulators without adding
any conductive layers during the lithography process. While this work
did not explore the ultimate resolution limits of this technique, it did
demonstrate that lines of 60 nm are possible. Further, at the resolution
of this experiment, there was no noticeable difference between patterns
written in conventional high vacuum mode and those written in vari-
able pressure mode. •
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Introducing the MaxView Plus
Digital Camera Attachment System

The MaxView Plus kit includes adapters to fit microscopes
& optical devices with any of the following attachments;
C-Mount, C/S-Mount, T-Mount, 23mm Eyepiece Port,
30mm Eyepiece Port, and 1.25" Eyepiece Ports
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23mm Eyepiece

Port Adapter
30mm Eyepiece C & C/S-Threaded

Port Adapter Port Adapter
T-Threaded
Port Adapter

1.25" Eyepiece
Port Adapter

The MaxView Plus can also be used as a high quality wide angle eyepiece
with the included thread-on eyeguard. The MaxView Plus is "T" threaded
on top so you will need the appropriate Attachment Kit to mate it to your
particular digital camera. We carry dozens of attachment kits to fit most
all popular digital cameras and we update them regularly so your MaxView
Plus will not become obsolete when it is time to upgrade to a new camera.
If using it with a 35mm SLR you will need the appropriate T-Ring for your
brand of camera.

The heart of the MaxView system. A wide field 40mm
focal length four element symmetrical (Plossl) lens
assembly specially mounted in a carefully designed
custom cell. The lens is mounted only 1mm from the
top to maintain the close coupling required to reduce
vignetting. The cell features a unique sliding collar
assembly which serves several important functions,

it allows quick and easy removal of the camera, it allows you to adjust
eyeguard height for easy visual use, allows you to adjust magnification

when used with a 35mm camera, and allows you to adjust lens position
to minimize vignetting with a digital camera.

MaxView Plus Kit

only $299.00
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