
REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 74, NUMBER 11 NOVEMBER 2003
NOTES

Compact design of a transmission electron microscope-scanning
tunneling microscope holder with three-dimensional coarse motion

K. Svensson,a) Y. Jompol, H. Olin, and E. Olsson
Experimental Physics, Chalmers University of Technology and Go¨teborg University,
SE-41296 Go¨teborg, Sweden

~Received 20 March 2003; accepted 23 July 2003!

A scanning tunneling microscope~STM! with a compact, three-dimensional, inertial slider design is
presented. Inertial sliding of the STM tip, in three dimensions, enables coarse motion and scanning
using only one piezoelectric tube. Using the same electronics both for scanning and inertial sliding,
step lengths of less than 5% of the piezo range were achieved. The compact design, less than 1 cm3

in volume, ensures a low mechanical noise level and enables us to fit the STM into the sample
holder of a transmission electron microscope~TEM!, while maintaining atomic scale resolution in
both STM and TEM imaging. ©2003 American Institute of Physics.@DOI: 10.1063/1.1614872#
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Transmission electron microscopy~TEM! and scanning
tunneling microscopy~STM! are very powerful tools, both
having the ability to image materials on the atomic scale
addition, the STM has the very appealing ability to manip
late and alter the specimen on an atomic scale.1 On the other
hand, it is not possible to image the specimen during m
nipulation. Instead, the result has to be investigated af
wards. A combined instrument containing both a STM an
TEM would therefore be very desirable since it, for examp
allows imaging during manipulation. The resolution of t
TEM is strongly dependent on the size of the gap betw
the pole pieces of the objective lens. It is therefore no
trivial task to fit a STM inside the pole piece of a high res
lution TEM. One way is to design a STM which is compa
enough so that it can be fitted directly into a regular TE
side-entry holder, thus avoiding costly redesign of the TE
The part that requires the most space in a regular STM is
coarse movement of either the sample or the tip. Iner
sliding motion2 allows fairly compact designs, enablin
coarse motion of either the sample3,4 or the tip,5–7 but three-
dimensional coarse motion in particular is still rath
voluminous.8 Limiting the coarse motion to only one direc
tion, i.e., the one to approach the tip to the sample, redu
the size and allows the use of fairly standard techniques s
as, e.g., the inchworm,9 micrometer screw,10 or stepper
motor.11 However, this limits the accessible sample area
the scan range of the piezo, which is normally only a fewmm
in a high resolution STM, whereas the sample area of
TEM is much larger~a standard TEM sample grid has
diameter of 3 mm!. Also, for TEM imaging, both the sampl
and the tip have to be very thin and positioned at exactly
same height, as opposed to reflection electron microsc
~REM! where the sample is thick.9,12 Thereby coarse motion
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of the tip height inside the TEM is crucial in order to acce
the sample and hence coarse movement in at least two d
tions is necessary, while three directions are desirable in
der to access the whole sample area.

Here we present an extremely compact STM desi
with three-dimensional coarse motion, that can be fitted i
a regular, side-entry, TEM holder. The compact design
sures vibrational isolation13,14 and minimizes the need fo
external vibrational damping, thus retaining atomic sc
resolution in both TEM and STM imaging modes.

Our design is based on a very compact, thre
dimensional, inertial slider mechanism that holds the ST
tip and is operated by the same piezo as the one used
scanning~see Fig. 1!. The inertial sliding mechanism con
sists of a sapphire ball attached rigidly to the piezo tube
a movable part with six springs that embraces the sapp
ball. The movable part also holds the STM tip and will he
on be referred to as the tip holder. A coarse motion step
achieved by applying a voltage pulse of either sawtooth
cycloid15 shape to the piezo tube. The rapid movement of
sapphire ball during the voltage pulse cannot be followed
the tip holder and the springs will slide against the sapph
surface. Hence a ‘‘step’’ is taken in one of the three dire
tions, depending on the direction of piezo movement. T
motion of the tip apex will be the same as the motion of t
tip holder for the direction parallel to the piezo axis, where
in the other two directions the tip holder rotates around
sapphire ball and gives sideways translation to the tip ap
The magnitude of each step will depend on the shape
duration of the voltage pulse. We have measured step len
parallel and perpendicular to the piezo axis as a function
the pulse duration and magnitude~see Fig. 2!. Here we have
used single, digitally generated, cycloids applied repeate
~10–100 times! and we have measured the average step
that the tip apex has taken~using an optical microscope!.
From Fig. 2 one can see that steps ranging from about 0.
5 © 2003 American Institute of Physics
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30 mm can easily be achieved perpendicular to the pi
axis, while the steps along the axis are substantially sho
0.05–1.5mm. This is partly due to the fact that the piez
moves much less in the direction along the axis~61.2 mm!
than perpendicular to the axis~614 mm!. It is also very
different motion perpendicular to the axis, since the
holder rotates around the sapphire ball and there is a l
effect that magnifies motion of the tip. Thus the step leng
in this direction will also depend on the length of the tip a
the position of the tip holder relative to the sapphire ball. T
strength of the springs will also affect the step lengths, b
in the direction parallel and perpendicular to the piezo a
In the limit of very weak springs the influence of gravi
would make the tip point downward as one tries to eng

FIG. 1. Schematic illustration of the side-entry holder and its STM h
with a three-dimensional coarse motion mechanism. The inset shows a
image of a carbon nanotube~about 20 nm in diameter! which has been
selectively approached,in situ, with a gold tip.

FIG. 2. Measured step sizes as a function of the amplitude~100%5140 V!
of the voltage pulse for different pulse durations~i.e., the base width of the
cycloid! in the direction~a! perpendicular to the piezo axis and~b! along the
piezo axis. The solid line shows the distance traveled by the tip due to p
deflection, provided that it can follow the rapid voltage pulse applied.
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inertial sliding. The influence of gravity is negligible in th
stiff limit. In the present work we have used quite st
springs and we have measured a static friction force
around 70 mN along the piezo axis~note that this depends o
the position of the tip holder relative to the sapphire ba!.
Since the tip holder, including the tip, only weighs appro
mately 0.12 g, the influence of gravity is minimized and
acceleration of above 600 m/s2 has to be reached in order fo
the tip holder to overcome static friction~for the direction
along the piezo tube!. Such high accelerations require fa
electronics and high mechanical resonance frequency in
der for the end of the piezo to actually follow these rap
movements.

The material and surface finish of the ball are importa
for the performance of the inertial sliding mechanism. W
have chosen sapphire because it is hard and it can als
manufactured with high accuracy and a good surface fin
Sapphire is commonly used for inertial sliding mechanis
and gives good sliding motion against metals, in this c
springs that are made of Cu/Sn~6%!. The drawback is that
the sapphire is not electrically conducting and we need
extra wire for electrical connection of the tip. This was ma
using a thin Cu wire~50 mm in diameter! protected with
varnish. Extra care had to be taken while positioning the w
in order not to exert any additional force on the tip hold
and thus interfere with the inertial sliding motion. The ine
tial sliding mechanism was also tested in vacuum and
saw no substantial difference from the values obtained in
The smallest, reliable and reproducible, step values are
proximately 5% of the piezo range~for both directions! and
this is more than accurate enough to work as a coarse
proach mechanism for a STM.

The performance of the TEM and STM modes we
tested in a Philips CM200 super twin FEG using electron
and software from Nanofactory Instruments AB~Ref. 16! to
control the piezo movement and sliding mechanism. Fig
3~a! shows a typical constant-height STM image of high
oriented pyrolitic graphite~HOPG!, while Fig. 3~b! shows a
high magnification TEM image of a gold tip. Resolution o
the atomic scale is achieved in both imaging modes, illust
ing that the influence of mechanical vibrations and oth
sources of noise are very low. We believe that increasing
mechanical resonance frequency of the construction co
further reduce these noise levels. From Fig. 2 it is clear t
one could use an even shorter or stiffer piezo, since co

d
M

zo

FIG. 3. ~a! STM image of HOPG, taken inside the TEM using consta
height mode~sample bias5220 mV! and ~b! high magnification TEM im-
age of a mechanically cut gold tip~2.3 Å between adjacent lattice fringes!.
IP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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motion works for amplitudes well below the maximum am
plitudes used here. Alternatively, one could also reduce
size of the tip holder in order to reduce its mass. Th
changes would all increase the resonance frequency an
duce the noise levels even further.

In summary, we have shown that it is possible to fi
STM, with a three-dimensional coarse approach mechan
inside a regular TEM holder. Our compact design enab
atomic scale resolution in both TEM and STM imagin
modes. The three-dimensional coarse mechanism adds a
dimension to experiments that can be performed inside
TEM. Our instrument can be considered more as havin
small electrically conducting probe inside the TEM, rath
than only performing regular STM experiments inside t
TEM. Experiments such as probing electrical conductanc
different sample positions can thus readily be perform
without the need for extra sample preparation, in order
align sample and tip features.17
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