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Surface roughness observation by scanning tunneling microscopy 
using a monolithic parallel spring 
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Faculty of Engineering, Shizuoka University, Johoku, Hamamatsu 432, Japan 

(Received 9 August 1993; accepted 16 September 1993) 

A new scanning tunneling microscope (STM) and its application to surface roughness observation 
are described. Precision two-dimensional positioning of our STM instrument was achieved with a 
two-dimensional parallel spring driven by two stacked piezoelectric actuators (PZT). so that the 
mutual interference effect between x- and y-axis displacements is very small. The PZT for the z-axis 
displacement and control was mounted on the monolithic parallel spring. Therefore, the mutual 
interference effect of three-dimensional displacements is negligible. We have applied this STM to 
observation of surface roughness. A block gauge and a gold thin film evaporated on glass plates are 
observed at the constant-current mode and the zero bias voltage. 

I. INTRODUCTION 

Scanning tunneling microscopy (STM) has been proven 
and developed to be a powerful tool in surface science and 
engineering. I- 3 Using an STM probe, we can obtain not only 
three-dimensional images of surface roughness but also in
formation on the electronic and mechanical nature of the 
surface. The STM scanners have been developed with piezo
electric actuators. The scanner types were tripod,4 single 
piezoelectric tube,5 and stacked piezoelectric disks with a 
mechanical amplifier, which was suitable for scanning large 
areas (hundreds of microns), but had a low mechanical reso
nant frequency (:OS;150 HZ).6-8 The three-dimensional dis
placements of the tripod type, the cross type, and the piezo
electric tube type have mutual interference in the X-, y-, and 
z-direction displacements. In the case of the tripod type, the 
amount of interference is 0.1 %-1 %. 

In this article, we have developed a new STM system 
with small mutual interaction and relatively high resonant 
frequency using a monolithic parallel spring having no dis
placement amplification. We demonstrate that our STM is a 
useful tool to observe the surface morphology or surface 
roughness at real time, and properties of block gauges and 
gold thin films. 

II. DESIGN OF THE STM INSTRUMENT 

A. STM system 

Figure I shows a schematic diagram of the STM system 
that was constructed in our laboratory. The tunneling current 
is converted to a voltage signal using the current-to-voltage 
(1- V) converter, which is constructed with a low offset bias 
current operational amplifier (3 fA, OPA 104AM Burr
Brown). This low value is applicable to observe images at 
the zero bias voltage, that is, to control using the tunneling 
current noise, which is generated at the tunneling resistance.9 

In this observation method, the STM system is required to 
have a low electronic and mechanical noise. lo

-
12 The tunnel

ing current signal is fed to the controller, which consisted of 
an amplifier, an absolute amplifier, a log amplifier, an inte-

gral control amplifier, and a high-voltage amplifier, as shown 
in Fig. 1. The absolute amplifier (AD630 Analog Devices) is 
a rectifier to operate under the zero bias voltage operation. 

B. STM unit 

Figure 2 shows a schematic diagram of the STM unit. An 
outer frame of this unit was made of hard aluminum, which 
was constructed with two monolithic mechanical parts to 
achieve a high stiffness and to serve as well as an electrical 
shield from outside electric disturbances. The small xy stage 
has displacement ranges of 3.4 mm. The z stage has a stroke 
of about 2 mm using a one-sixth reducing mechanism of the 
micrometer-head movement. 

Figure 3 shows the x- and y-displacement mechanism, 
which uses the two-dimensional monolithic parallel spring 
(MPS) (44X44x 10 mm3

, 30 gf, and hole diameter of 14 
mm). The MPS has small rotation angle components under 
the displacement; therefore, the relative value of the x- and 
y-direction mutual interference is calculated to be smaller 
than 0.02% using a simple mechanical link model. The PZT 
for the z-axis displacement and control is mounted on the 
MPS; therefore, fundamentally the z-direction interference 
with the x and y direction is considered to be very small. 
Two-dimensional displacements (within 12 /Lm) of the MPS 
are carried out with two stacked piezoelectric actuators (PZT 

FIG. I. Schematic diagram of the STM system. 
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FIG. 2. Schematic diagram of the STM unit. 

AEOSOSD 16, NEC Ltd.), and the z-direction control and dis
placement (within 6 J-tm) with a PZT (NLASXSx9, Tokin 
Ltd.). To scan a fine range, the X-, y-, and z-direction dis
placement are performed using a tube-type piezoelectric 
transducer (Tokin Ltd.), as shown in Fig. 2. 

C. Dynamic properties of STM unit 

The displacements and dynamic properties of the MPS 
were measured with an optical fiber displacement sensor. We 
estimated the spring constant from the relation between load 
and displacement of the MPS constructed with PZTs. The 
value of the spring constant was 0.7 MN/m, which is nearly 
the same value of the MPS alone. The frequency response of 
the MPS was measured using a random noise signal. The 
sensor signal was input to the fast Fourier transformer, and 
we estimated the mechanical frequency response and stiff
ness of the STM displacement mechanism. The experimental 
results are shown in Figs. 4 and S. Figure 4 shows the 
z-direction mechanical frequency response, which has the 
high mechanical resonant frequency of 1.3 kHz. Figure S 
shows the x-direction frequency response, which has the 
resonance frequency of 1.0S kHz, and the y-direction fre
quency response has the similar value to the x direction. 

T 
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FIG. 3. Schematic diagram of the monolithic parallel spring. 
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FIG. 4. Mechanical frequency response of the STM unit in the z direction. 

Judging from above experimental results, our STM unit has a 
high stiffness, thereby acquiring stable operation under 
mechanical and sound disturbances. 

The mechanical vibration isolation was achieved with the 
five stacked type,I3·14 which was constructed with brass 
plates and lead plates, and rubbers [vibration- and impact
absorber (Gelnac N-ISC, Japan Automation Ltd.)], which 
have a very high impact absorption coefficient of about 97%. 
We put the STM system on an ordinary laboratory table. 

III. RESULTS AND DISCUSSION 

The STM images was observed in air at room tempera
ture, and at the constant-current mode and the zero bias volt
age. Mechanically fabricated Pt/Ir (10% Ir) tips were used in 
this work. The experimental results were observed with an 
oscilloscope and a X Y recorder using a display controller 
constructed in our laboratory. 

Figure 6 shows the STM image of a gold thin film evapo
rated on a glass plate observed on an oscilloscope. The scan
ning range in the x and y directions is 1.1 X 1.4 J-tm2

. The 
sample bias voltage is 64 m V, and the tunneling current is 
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FIG. 5. Mechanical frequency response of the STM unit in the x direction. 
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FIG. 6. STM image of gold thin film on a glass plate. The sample bias 
voltage is 64 mY, and the tunneling current is 0.4 nA. 

0.4 nA. The film is formed with collecting gold clusters in 
diameter of about 100 nm, which is equivalent to other STM 

observation results. 15-17 

Figure 7 shows the STM images of a standard block 
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FIG. 7. STM images of a block gauge. The sample bias voltage is 64 mY, 
and the tunneling current is 0.66 nA. (a) ,v-direction scanning. (b) -y
direction scanning. 
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FIG. 8. STM image of a block gauge. The sample bias voltage is 64 mY. and 
the tunneling current is 0.46 nA. 

gauge, which is used to calibrate industrial length or mi
crometers. The block gauge surface coated with rust prevent
ing oil was cleaned with an acetone solvent. The scanning 
range in the x and y directions is 12 ,urn. The sample bias 
voltage is 64 mV, and the tunneling current is 0.66 nA. In 
Fig. 7(a), a scanning direction is + y, and in Fig. 7(b) a 
scanning direction is - y. The STM images of Figs. 7(a) and 
7(b) agree precisely: therefore, we consider that our STM is 
a stable and reproducible system. We find a regular rugosity 
with a Rmax (maximum peak-to-valley height) value of 40 
nm and with about 0.7 ,urn roughness wavelength. The sur
face roughness has been measured with STM, and the rough
ness curves have been analyzed.,·18-21 The relationship be
tween Rmax and measuring length L was given by Rmax'XLD, 
where the value of D using a block gauge surface was cal
culated at 3,20 and D using a finished gold surface at 0.6.21 

The value of D estimated using our experimental results is 
about 3. This value agrees well with a result calculated by 
Valdes, Lobbe, and Porfiri 20 using a roughness curve pub
lished by Garcia et al.' The cause of disagreements would be 
the difference of surface finishing methods and materials. 
The power spectrum of the roughness curve as shown in Fig. 
7 has a 1 If' frequency dependence. This result agrees with 
other roughness curves observed with STM.20

.
21 We cannot 

observe these small surface roughness with a standard stylus 
instrument. 

Figure 8 shows the STM image of a block gauge. The 
scanning range is 0.22 ,urn. The sample bias voltage is 64 
mV, and the tunneling current is 0.46 nA. The observed cor
rugations and steps will be related to a superfinished surface 
and/or material properties. Figure 9 shows the STM image of 
a block gauge observed at the zero bias voltage and in the 
same position shown in Fig. 8. The control tunneling current 
is 0.26 nA. Our STM system can control with the tunneling 
current noise caused by the tunneling resistance. Therefore, 
the STM system constructed is a low electronic and 
mechanical noise. The STM image of Fig. 9 agrees with that 
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100 nm 

FI(i.9. STM image of a block gauge. The sample bias voltage i, () V, and the 
control tunneling current i, 0.26 nA. 

of Fig, 8. Therefore the generation mechanism of surface 
corrugations, which is a function of surface topography and 
barrier height properties. will be similar in the both surface 
imaging method. 

A block gauge is made from steel, which has in general 
metallic oxides over the sample with a very different 
resistivity. IX The STM images and the zero bias voltage im
ages observed are stable and reproducible. We consider the 
reason for this as follows: The block gauge surface may be 
covered with an oil thin film. and the STM tip may be 
scanned in this film; therefore, the effect of oxidation may be 
small. These observation methods will be important in the 
following field. The nanostructures on smooth or superfin
ished surfaces. which are required in the tJeld of the preci
sion engineering, the nanotechnology. and the optical and 
x-ray elements. can be evaluated using the STM operated in 

air. 

IV. SUMMARY 

A new scanning tunneling microscope and its application 
to surface roughness observation is described, Precision two
dimensional positioning of our STM instrument was 
achieved with a two-dimensional parallel spring driven by 
two stacked piezoelectric actuators (PZT). The PZT for the 
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~-axis displacement and control was mounted on the mono
lithic parallel spring. Therefore, the mutual interference ef
fect of three-dimensional displacements is negligible. We 
have applied this STM to observation of surface roughness. 
A gold thin film evaporated on glass plates and a block gauge 
are observed at the constant-current mode and the zero bias 
voltage, The roughness curve is analyzed, and the results 
agree with previous experiments. These methods will be ap
plied to the precision engineering, the nanotechnology, and 
the optical and x-ray elements. 
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