Vacuum chamber for sample attachment in atomic force microscopy
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A small ring-shaped vacuum chamber has been constructed and connected to the piezotube used
for scanning samples in the atomic force microscope (AFM). Samples made up of any material,
up to 50 mm in diameter, can be firmly attached onto the piezotube without causing damage to
the sample. A 50-¢beer container forms a buffer between vacuum pump and chamber. With this
supply of vacuum, the AFM can be operated for a 4-8 h period without turning on the vacuum
pump again. Samples can be changed within 30 s. The scan frequency when using microscope
slides is limited to 40 Hz due to resonance effects of the microscope slides.

At the heart of the atomic force microscope (AFM) is
the stylus that tracks the surface of the sample by raster
scanning the sample underneath the stylus with an xpz
piezotube. Forces acting between the tip of the stylus and
the surface deflect the cantilever. The introduction of inte-
grated tip-cantilever sensors manufactured by microfabri-
cation techniques' has greatly increased the use of the
AFM as a reliable research tool.

Another important aspect that contributes to good, re-
liable, and easy operation of the AFM is the way in which
the sample is attached to the piezotube. While scanning the
sample, it should stay firmly attached to the piezotube,
even on a nanometer scale. In Ref. 2, a spring-loaded clip
is used in the scanning tunneling microscope (STM) and a
small magnet in the case of an AFM. These same tech-
niques are also used in the commerciaily available Nano-
scope.® In the AFM the sample (carrier) is glued onto a
small steel disk, which then is positioned on the magnet. In
another commercially available AFM* a small stub is used
that can be fixed to the piezotube with a screw. To this stub
the sample then can be applied using double-sticky tape or
glue.

In our home-built AFM? none of the above-mentioned
sample attachment techniques have been used for different
reasons. The most important being the fact that the AFM
features an integrated inverted optical microscope. In this
setup a lens is positioned inside the piezotube and an op-
tical image of the (biological) specimen in back reflection
or fluorescence is obtained. Thus no technique can be used
that blocks the field of view of the lens. At the first stage,
this problem was solved by attaching a steel cup, with a
10-mm centered hole in the bottom, upside down onto the
piezotube.’ The microscope slide with the sample was then
glued to the steel cup. Over a longer period of time, how-
ever, loosening and tightening the steel cup resulted in a
degradation of the MACOR® ring attached to the piezo-
tube.

Here we present a new way of attaching samples to
the piezotube. A ring-shaped vacuum chamber was con-
structed that is capable of holding any object, glass or
metal, up to 50 mm in diameter.

When designing a new sample attachment device there
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are some conditions to be fulfilled. First, the sample should
be attached to the piezotube as tight as possible: no move-
ment on nanometer scale. Second, changing the sample
should be easy and not time-consuming. Third, the device
should work independent of the material of which the sam-
ple or sample substrate is made of—glass or metal.

In Fig. 1 a drawing and photograph of a vacuum
chamber connected to the piezotube is shown. In order to
obtain an unobstructed field of view for the lens, the vac-
uum chamber is ring shaped. When having no integrated
inverted optical microscope, a disk-shaped vacuum cham-
ber is the most suitable layout. The chamber is made of
brass and weighs less than 15 g. The lit of the chamber has
24 holes with a diameter of 0.75 mm. A vacuum pump is
used to evacuate the system from air and a 50-¢beer con-
tainer is hooked up in between the vacuum chamber and
the pump. At first this was done to eliminate the pulsation
on the AFM signal due to pump operation. However, it
turned out that with this supply of vacuum the AFM can
be operated for a period of 4-8 h, without a need to turn on
the vacuum pump again.

Having a pressure difference of 1 atm and a standard
glass microscope slide (dimensions: 75X25X1 mm?
weight: 5 g) the normal force is 1.1 N. The experimental
value is 2.2 N. The difference between these two values is
probably due to the conical shape of the holes and the
increased area between glass slide and brass lit during lift-
ing of the slide. The friction force between the glass micro-
scope slide and the brass lit is directly related to the normal
force. The friction coefficient between glass and polished
brass was experimentally determined to be 0.4. In order to
have good contact and subsequently friction between lit
and sample, the bottom side of the sample (carrier) should
be flat. The force that is needed to move the glass slide in
the horizontal direction is 0.88 N. The experimental value
is 0.9 N. Thus, the maximum acceleration which the mi-
croscope slide can withstand without slipping is 1.8 10?
m/s*. The maximum frequency of a sinewave with a 10-pm
amplitude applied to the piezotube, before the glass slide
starts slipping, can be calculated to be 6.7 X 10*> Hz. The
experimental value is 5.8 10> Hz. In practice the piezo is
not scanned using a sine wave but with a voltage having a
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FIG. 1. Vacuum chamber attached to the piezotube. (a) All the dimen-
sions are in mm. In order to prevent electrical contact between the piezo-
tube and the vacuum chamber, the x and y electrodes are cut close to the
top of the piezo (arrow). (b) The chamber has 24 holes with a diameter
of 0.75 mm. The objective is instantly in focus when a new sample on a
microscope slide is inserted. The electrical lead is for grounding and the
tubing is connected with the vacuum pump.

triangular profile. Also in this case the maximum scan fre-
quency is 5.8 X 10? Hz. One would expect slipping at much
lower frequencies because of the high acceleration forces at
the turning points (in theory the acceleration has an infi-
nite value). Due to the limited bandwidth of the high-
voltage amplifier and the response of the piezotube, how-
ever, the turning points get rounded off and thus the
acceleration has a finite value.
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For standard microscope slides another phenomenon
limits the scan frequency. At a scan frequency of 40 Hz the
microscope slides start resonating with a frequency in the
range of 250-1000 Hz. In practice AFM images of (bio-
logical) samples are obtained at scan frequencies ranging
from a few Hz to 20 Hz. So this resonance effect does not
limit the operation of the AFM.

Samples can be changed within 30 s. Samples up to 50
mm in diameter, such as silicon wafers, can be investigated
in this AFM without causing damage to the sample. Mi-
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croscope slides do not have to be cut as is the case when

using the commercially available AFMs,>* and they can be
transferred back and forth between the AFM and any
other microscope. Since microscope slides all have a stan-
dard thickness of 1 mm, the integrated optical microscope
is instantly in focus when a new sample is inserted.

With this design the conditions, which were stated at
the beginning of this section, are fulfilled. Within the limits
set by the lateral resolution of the AFM, we noticed no
slipping of the sample between subsequent scans. This in-
dicates that there is no movement of the sample on a na-
nometer scale. Furthermore, any sample with a flat bottom
side can be held down by the vacuum chamber and the
changing of the samples is easy and not time consuming.

In conclusion, the introduction of a vacuum chamber
for sample attachment yields a more user-friendly opera-
tion of the atomic force microscope.
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SMACOR is a ceramic material and is being used as an electrical insu-
lator.
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