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Compact design of a transmission electron microscope-scanning
tunneling microscope holder with three-dimensional coarse motion
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A scanning tunneling microscog8TM) 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 cm
in volume, ensures a low mechanical noise level and enables us to fit the STM into the sample
holder of a transmission electron microscdp&M), while maintaining atomic scale resolution in

both STM and TEM imaging. €2003 American Institute of Physic§DOI: 10.1063/1.16148732

Transmission electron microscofyEM) and scanning of the tip height inside the TEM is crucial in order to access
tunneling microscopySTM) are very powerful tools, both the sample and hence coarse movement in at least two direc-
having the ability to image materials on the atomic scale. Irtions is necessary, while three directions are desirable in or-
addition, the STM has the very appealing ability to manipu-der to access the whole sample area.
late and alter the specimen on an atomic st&& the other Here we present an extremely compact STM design,
hand, it is not possible to image the specimen during mawith three-dimensional coarse motion, that can be fitted into
nipulation. Instead, the result has to be investigated afterd regular, side-entry, TEM holder. The compact design en-
wards. A combined instrument containing both a STM and #ures vibrational isolatidft** and minimizes the need for
TEM would therefore be very desirable since it, for example €xternal vibrational damping, thus retaining atomic scale
allows imaging during manipulation. The resolution of the resolution in both TEM and STM imaging modes.

TEM is strongly dependent on the size of the gap between Our design is based on a very compact, three-
the pole pieces of the objective lens. It is therefore not ag|men5|c.)nal, inertial slider mechan!sm that holds the STM
trivial task to fit a STM inside the pole piece of a high reso-{iP and is operated by the same piezo as the one used for
lution TEM. One way is to design a STM which is compact S¢@nning(see Fig. 1 The inertial sliding mechanism con-
enough so that it can be fitted directly into a regular TEMSIStS Of @ sapphire ball attached rigidly to the piezo tube and
side-entry holder, thus avoiding costly redesign of the TEM.2 Movable part with six springs that embraces the sapphire
The part that requires the most space in a regular STM is thBa”' The movable part als_o holds the STM tip ano_l wil here_
coarse movement of either the sample or the tip. Inertiaf" t_)e referred to as the tip holder. A coarse motion step s
sliding motiorf allows fairly compact designs, enabling aCh'e.VeS by applying ‘%Vo'tage pulse of_e|ther sawtooth or
coarse motion of either the sampfeor the tip>~’ but three- cycI0|q1 shape to the piezo tube. The rapid movement of the
dimensional coarse motion in particular is still rathersapp.hlre ball during the vpltage puls_e cannc_>t be followed .by

. 81 . . the tip holder and the springs will slide against the sapphire
voluminous? Limiting the coarse motion to only one direc-

tion, i.e., the one to approach the tip to the sample, reduc surface. Hence a “step” is taken in one of the three direc-

eiﬁons depending on the direction of piezo movement. The
the size and allows the use of fairly standard techniques suc > dep g P X

. . motion of the tip apex will be the same as the motion of the
as, e.g., the inchworrh,micrometer screw? or stepper . holder for the directi liel to the oi i wh
motor! However, this limits the accessible sample area totlp older for the _|rect_|on parafie to the piezo axis, whereas

' ' . o in the other two directions the tip holder rotates around the
the scan range of the piezo, which is normally only a jew

. ) . sapphire ball and gives sideways translation to the tip apex.
in a high resolution STM, whereas the sample area of th he magnitude of each step will depend on the shape and

Z,EM IS m?ch Iargelr(a fstandard. TEM sakr)nplhe r?”d hasl a duration of the voltage pulse. We have measured step lengths
lameter of 3 mm Also, for TEM imaging, both the sample arallel and perpendicular to the piezo axis as a function of

and the tip have to be very thin and positioned at exactly the,q pulse duration and magnitu¢kee Fig. 2. Here we have
same height, as opposed to _(rft;{il;ctlon electron MICroscopyseq single, digitally generated, cycloids applied repeatedly
(REM) where the sample is thick.” Thereby coarse motion (14_100 timesand we have measured the average step size
that the tip apex has takefusing an optical microscope
dCorresponding author; electronic mail: f7xks@fy.chalmers.se From Fig. 2 one can see that steps ranging from about 0.5 to
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FIG. 3. (a) STM image of HOPG, taken inside the TEM using constant
height mode(sample bias —20 mV) and (b) high magnification TEM im-
age of a mechanically cut gold ti2.3 A between adjacent lattice fringes

3 mm

inertial sliding. The influence of gravity is negligible in the
stiff limit. In the present work we have used quite stiff
springs and we have measured a static friction force of
o) o oo oo e o 5 ground 70 mN along th piezo axote that tis depends on
image of a carbon nanotubi@bout 20 nm in diametewhich has been %_e p03|t|0r_1 of the t'P hOId_er relat“_le to the s_apphlre ba”_
selectively approachedh situ, with a gold tip. Since the tip holder, including the tip, only weighs approxi-
mately 0.12 g, the influence of gravity is minimized and an

) ] ] acceleration of above 600 m/sas to be reached in order for
30 um can easily be achieved perpendicular to the piezqne tin holder to overcome static frictioffior the direction
axis, while the stgp; along the axis are substantially Shorteélong the piezo tube Such high accelerations require fast
0.05-1.5um. This is partly due to the fact that the piez0 gjectronics and high mechanical resonance frequency in or-
moves much less in the direction along the &dsl.2 um)  ger for the end of the piezo to actually follow these rapid
than perpendicular to the axist14 um). It is also very  ovements.
different motion perpendicular to the axis, since the tip  The material and surface finish of the ball are important
holder rotates around the sapphire ball and there is a levgp, the performance of the inertial sliding mechanism. We
effect that magnifies motion of the tip. Thus the step length$,5ve chosen sapphire because it is hard and it can also be
in this direction will also depend on the length of the tip and jy3qufactured with high accuracy and a good surface finish.
the position of the tip holder relative to the sapphire ball. TheSapphire is commonly used for inertial sliding mechanisms
strength of the springs will also affect the step lengths, both, 4 gives good sliding motion against metals, in this case
in the direction parallel and perpendicular to the piezo aXiSSpringS that are made of Cu/$6%). The drawback is that
In the limit of very weak springs the influence of gravity the sapphire is not electrically conducting and we need an
would make the tip point downward as one tries t0 engagexira wire for electrical connection of the tip. This was made

using a thin Cu wire(50 um in diameter protected with

30 varnish. Extra care had to be taken while positioning the wire
s gm (a) in order not to exert any additional force on the tip holder
L . and thus interfere with the inertial sliding motion. The iner-
20 ] tial sliding mechanism was also tested in vacuum and we
. saw no substantial difference from the values obtained in air.
10} o o] The smallest, reliable and reproducible, step values are ap-
g . L° proximately 5% of the piezo rangéor both directiong and
£ . ’ Coo . this is more than accurate enough to work as a coarse ap-
= 0 ¢ # Q N S S .
2 55 . o (0 proach mechanism for a STM.
2 ot The performance of the TEM and STM modes were
2 e ] tested in a Philips CM200 super twin FEG using electronics
151 o and software from Nanofactory Instruments ABef. 16 to
. PR °* ] control the piezo movement and sliding mechanism. Figure
Rk * e 3(a) shows a typical constant-height STM image of highly
05t N e L oriented pyrolitic graphité¢HOPG), while Fig. 3b) shows a
0 e gziitiiasccoe high magnification TEM image of a gold tip. Resolution on
0 20 40 60 80 100

the atomic scale is achieved in both imaging modes, illustrat-
ing that the influence of mechanical vibrations and other
FIG. 2. Measured step sizes as a function of the amplif@G8%=140V)  sources of noise are very low. We believe that increasing the

of the voltage pulse for different pulse duratidis., the base width of the |0 chanjical resonance frequency of the construction could
cycloid) in the direction(a) perpendicular to the piezo axis afig) along the

piezo axis. The solid line shows the distance traveled by the tip due to piezf)urtlf“'z'r reduce these noise levels. Frqm Fig- 21t i? clear that
deflection, provided that it can follow the rapid voltage pulse applied. one could use an even shorter or stiffer piezo, since coarse

Amplitude (%)
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