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Abstract

Scanning Tunneling Microscopy (STM) has been developed for more than 20 years. It
brought us a new tool to explore the nano world even on atomic scale and it also
presented us the application of quantum mechanics (tunneling effect). Its importance
in research of surface science has been well established, but its high cost and
complexity prohibit undergraduate students from studies by using this tool. We build a
simple STM using low cost audio transducers for STM scanner and low voltage for
driving it. The stepper consists of micrometrical screws and, by rotating the screws, it
drive the tip to approach the sample. The instrument can be implemented to scan
conducting surfaces with an area of ~ 2 X 2 m?. It has been applied to obtain the

STM images of DVD mask and atomic steps on graphite surfaces.
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Chapter 1 Introduction

Learning how to build an instrument for our research is an important thing when we
want to improve our performance. An instrument which we build ourselves is not only
cheaper but also suits to our requirements. Commercial SPMs are very frequently
used in our Nano and Quantum Phenomena Laboratory. If there is something wrong
with the elements of SPMs, we would always cost high money to repair them and our
experiment would be delayed. A home-made instrument can be low cost if we can
replace the commercial instrument by it. Since we have known the principle of STM
from our daily works in Laberatory, we try to build a home-made Scanning Tunneling

Microscope and hope the experience of doing this will be useful.in the future.



Chapter 2 Scanning Tunneling Microscope

2.1 Tunneling effect

In classical mechanics, a particle can not move in the region where the potential of
this region is lager than the total energy of the particle. However, the particle has a
chance to transmit through a potential barrier higher than its total energy by using the
quantum mechanics. We consider a simple one-dimension model for explanation of
tunneling effect in the followings. In classical mechanics, a particle with energy E
moving in a potential  [J(z) isdescribed by

R-bared Ri)

=L 0C)=E (2.1)

2m
where m is the mass and p, is the momentum of the particle. Fhe kinetic energy
of a classical particle is always a positive.value, so the particle can not exist in the
region of E <. U(z). If we use quantum mechanics, the state of the particle can be

described by a wave function, w(z), and the corresponding Schredinger’s equation is

2 B9
A —y(2)+ U (2) = Eul@). (2.2)

2mi dz

For a barrier potential case'(see Fig. 2.1), in the classically allowed region, Eq. (2.2)

has the solution

wiz) = Ae ™ (2.3)
where k= —“2m(hE_U) . 2.4)

In the classically forbidden region, Eq. (2.2) has the solution

w(z) = Ae™ 2.5)
where K= —“2m(hU_E) (2.6)
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Fig. 2.1 The one-dimensional barrier potential model.
From this theoretical one-dimensional model, we can make qualitative description of

the features of metal-vacuum-metal tunneling as'shown m Fig. 2.2.

Potentialwall

| Sample

Z:O =W
Fig. 2.2. The one-dimensional metal-vacuum-metal tunneling junction. The thermal excitation is
neglected here. [1]

To simplify the problem, we assume the work function ® of the tip and the



specimen are the same. “The work function ® of the uniform surface of a metal is
defined as the difference in potential energy of an electron between the vacuum level
and the Fermi level[2]”. In general, the work function depends on what the material is
and the orientation of the exposed crystal face. Typical value of the work function of
Au or W is about 4-5 eV. The Fermi level is the upper limit of the electron occupied
states in a metal at the absolute 0 K. When a bias voltage is applied between the tip
and the sample, a tunneling current can occur. The tunneling current / can be derived

from the form:

N i ~1.025,/DW
[ = Vop (z=0,F )e , @.7)
where V is the bias voltage, p (z=0,£,) is the local density of states, and W is the

vacuum width[1 s For a typical value of work function ® =4 eV, Eq.(2.7) gives the

current decaying factor of about e* ~7.4 per- A.

2.2 Piezoelectric effect

About 120 vyears ago (1880), Pierre Curic and Jacques Curie discovered the
piezoelectric effect. The experiment is shown in Fig. 2.3. A long and thin quartz plate
was sandwiched between two tin/foils, and an clectrometer was connected to the foils.
When a weight was applied to generate vertical extension, an eleciric voltage was
detected by the electrometer. They also found that the crystals of tourmaline, topaz,

cane sugar, and Rochelle salt can generate electric voltage by mechanical stressing.
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Fig. 2.4. The experiment of the inverse piezoelectric effect. [1]

In the experimental configurations, a thin and long quartz plate was sandwiched



between two conducting tin foils. By applying a high voltage to the tin foils, a
deformation of the quartz, either elongation or contraction in according to the polarity
of the applied voltage, occurred. To measure the tiny deformation, a lever with an arm
of about 1:100 was used to magnify the displacement. An optical microscope was also
adopted to reach a much smaller displacement measurement, so the tiny displacement
of about hundreds of nanometers could be measured by an eyepiece with a scale.

For describing the piezoelectric effect, some material parameters must be used

and they are described as follows.

Fig. 2.5. Definition of the piezoelectric coefficients.
When a voltage V is applied on'arectangular picce of the piezoelectric material, there

would be an electrical field

E, (2.8)

U

in the z direction which causes a strain in the x as well as in the z directions. The xx

component of the strain 1s

5= (2.9)
x
and the zz component is
s,=%%. (2.10)
z

dy=— and d E%. (2.11) and (2.12)
3

The piezoelectric coefficients have dimension of meters/volt in SI unit. But their
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values are always so small that the A/V 1s more suitable for their application in
building STM.

Various kinds of lead zirconate titanate (PZT) ceramics are used as piezoelectric
materials in building STM. “The PZT ceramics are made by heating a mixture of

PbZrO3 and PbTiO3 together with a small amount of additives at ~1350°C under

strictly controlled conditions” [1]. The table below shows the important properties of

PZT ceramics commonly used in building STM.

Item Unit PZT-4D PZT-5A PZT-7D PZT-8
ds, AV -1.35 -2.74 -1.00 -0.97
d,, AN 3.15 5.93 2.25 2.25
Y 109N/ m” 5 6.1 9.2 8.7

P glem’ 7.6 75 7.6 7.6

C km/sec 3.3 2.8 2.9 34

T, o 320 195 325 300

E, kV/cm >.10 4 >10 >15

O, - 600 65 500 1000

k, - -.60 -.65 .48 -.51
Aging | k, /timedecade | © <1.7% -0.2% -0.006% -2.3%

Table 1.1 The important properties of some PZT ceramics. [1]
The first application of the piezoelectric effect was sonar for detectors of
submarines during World War I. With the advance of the technology, it has been

widely used as sensors, actuators, loudspeakers, and also employed as important

elements in watches and clocks industry.

2.3 Scanning tunneling microscope

The scanning tunneling microscope was invented by Binnig and Rohrer in 1980s, and



they were soon awarded the Nobel Prize of Physics in 1986. It consists of three major

parts of mechanical fabrications, electronics, and computer control.

1. Mechanical part: a probe tip, the scanner, the sample, coarse postioner, vibration
isolation, instrument frame, etc.

2. Electronics part: the current amplifier, the feedback control, A/D and D/A
converter, etc.

3. Computer program: computer control, image process and analysis, etc.

Praamplifiar

Fig. 2.6. The simple diagram of STM.. =~ BB

The coarse postioner is a so-called stepper. Its mission is to bring the tip to the sample
as close as within 1 nm. With a bias voltage applied between the tip and the sample, a
tunneling current occurs. The tunneling current in STM is too small, typically from
0.01 to 50 nA, to be free from external disturbance. Thus, the current amplifier, which
amplifies the small tunneling current and converts it into a voltage, is essential to the
STM instrument. The voltage is compared with a reference voltage value, and the

difference is then fed back to drive the scanner.
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The scanner is a piezoelectric driver which controls the x, y, and z-axis motion.
The tube type scanner (see Fig. 2.7) is commonly used in STM instrument, today. It is
a PZT tube with metal thin films deposited on both inner and outer surfaces as
electrodes. The outer electrode is sectioned into four parts as four quadrants. The
inner electrode is connected to the z voltage of the electronic controller. If we apply
+Vx and —Vx voltages on two of the opposite outer electrode parts, one would be
elongated while the other would be contracted. By this way we can make the tube

bending in the x-direction (see Fig. 2.8) as well as in the y-direction.

Fig.2.7. The tube scanner. [3]



fﬂmx—dc electrode

L“ﬂe:—(ic

Fig.2.8 The tube bends by applying a voltage.[3]

If all the four outer electrode parts are elongated or contracted by applying the same
voltage, the scanner move in the z-direction.

The two-dimensional image (see Fig. 2.9) can be obtained by using the scanner to
move the tip going forward and backward in x- or y- directions on the sample and

taking the height value of every pixel.

Fig. 2.9. The image of scanning a DVD master. We can see it scans line by line. (The image of this
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picture is taken from a continuous scanning mode. It presents us a somehow different topography from

the previous scan. This may be due to the thermal perturbation. )

The method of taking images can be classified into two main mode:

1. Constant current mode
The constant current mode is to set a reference tunneling current value for the
feedback signal. Because the tunneling current is very sensitive to the distance
between the tip and the sample, the set tunneling current would fix the distance
between the tip and the sample. When the tip is scanning on the sample surface,
the height of the tip would ‘be adjusted to the topography of the sample.(Fig. 2.10.)
Thus taking the image of the tip’s height would reflect the topography of the
sample. The advantage of thistmethod is that it can measufe irregular surfaces
with high precision; the disadvantage is that the scan rate is so slow owing to the
need of feedback control that the scan .is casily interrupted by low frequency

noise.

s
f

/

tunneltog cugent

Fig. 2.10. The constant current mode. The distance between the tip and the sample is fixed at a set
value.

2. Constant height mode

11



The constant height mode is to take image directly from the value of tunneling
current at each location. When the tip is scanning at a set height, the tunneling
current would vary depending on topography of the sample(Fig.2.11). The
advantage of this method is that it scans fast so it can capture some dynamics
properties of surface; the disadvantage is that it provides useful information only
for relatively smooth surfaces. If the surface is too irregularity, the tip or the

sample would easily get destruction.

/

'~ tonneling current

|
o

10 nESS» AT/

sample.biap

saniple

Fig.2.11. The constant height mode.

Strictly speaking, the image of STM reflects not only the topography of the sample
but also the electric properties of the sample. More accurately, the tunneling current
corresponds to the electronic density of states at the surface. If the sample is doped
some distinct conductivity material or the sample has oxidized, we must especially
check what it really is when we are interested in mapping topography. The other

elements of STM will be mention in detail in the forward experiment chapters.
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Chapter 3 Experiments

3.1 The mechanical part

3.1.1 Disk scanner

We use the audio transducer as the disk scanner. It consist of piezo-ceramics glued

onto a brass plate (see Fig. 3.1.) and is one of the most common piezoelectric devices

which is often used for the small sound generator, speaker, buzzer.

brass plate

Fig. 3.1 The audio transducer. It is easily obtained in most electrical material shops.

By applying a voltage between the brass plate and the metal electrode, the disk bows

up or down.(Fig. 3.2. and Fig. 3.3.)

13



Fig. 3.2. The disk bows up.

Fig 3.3. The disk bows down.

In order to get scanner motign in x-y-z axis, we divide the electrode into four
quadrants.(Fig.3.4.) And we add a base at the center. Also we image a pointer set at

the center base for explanation.

Fig. 3.4. The electrode is divided into four quadrants.

14



As the voltage we supply to an electrode is different from the opposing one, there

would be an angle change of the pointer, as the figures shown below.

Fig. 3.5. The X -scanning. The Y -scanning is in the same way. Of course these figures are

exaggerative. Since the angle change is so small that the scanner can scan with good linearity.

Similarly the Z-axis motien can be achieved by applying:the same amount voltage to

all four quadrants. .

After dividing the clectrode-into four quadrants; we glue an isolation ceramic pipe
to the center with AB glue. The isolation ceramic pipe 1s used as the base of tip holder
(Fig.3.6.) .Then four conducting: wires are individually contacted to the four
electrodes with silver. paste_gluing them. To ensure stably contacting, we may weld
the wood’s metal, a kind of low melting point solder, at the contact points. To finish
up the scanner we glue the disk part to the scanner holder (Fig.3.7.) with a round hole
in the center with sliver paste. This can let the brass plate of the disk electrically

contact to the grounded STM frame. The Scanner is now complete.(Fig.3.8.)

15



Fig.3.6. The tip holder made by red bronze.

Fig.3.8. The disk scanner with a tip locked at the tip holder.

16



3.1.2 Sample stage

We apply the bias voltage to the sample, so the sample holder must be a conductivity
material. But the sample holder should be isolated from the grounded STM frame. So
we choose a quartz piece to do the job because the quartz has good rigidity and low
thermal expansion coefficient. The sample holder is a square piece of stainless steel
which can be attracted to a magnet. The magnet we use is NdFeB, a kind of strong
magnets, with metal coating. By gluing it on the quartz piece, the sample holder can

be strongly attracted to it. Of course, a conducting wire is connected to the bias

voltage output. Then the sample stage 1s simply completed.

Fig. 3.9. The sample stage.

3.1.3 Tip

The tip is generally made by Au or W wires with 0.3 or 0.5 mm in diameter. They are
prepared by electrochemical etching. Besides the gold and tungsten tips, a Pt-Ir wire
by mechanically cutting out can also work in STM.

The characteristics and composition of the tip play an important role in the

17



resolution of the STM. Ideally, the tip needs to have one atom on its apex, but it is too
hard to be done. Practically, a tip with an apex radius of less than 50 nm is sharp
enough to obtain atomic resolution.

There are three basic requirements for tip preparation: short length, high symmetry,
and sharp apex.” Short length is necessary to decrease mechanical vibrations that will
blur the image. High symmetry will yield an electronic wave function symmetric that
will yield an undistorted image (the image is the convolution of the electronic wave
functions of tip and sample). Finally, a sharp apex will avoid changes of the microtip
that is actually responsible for'the tunneling current ”.{ 4]

The method of tip preparation is that tips are etching in a solution of KOH (for
tungsten) or HCI (for gold). The steps of tip fabrication are: (Fig.3110)

1. A tungsten wire (gold wire) is vertically inserted m'a solution of 2M KOH (HCI).

2. The cathode’is a piece of stainless steel.

3. A positive ‘voltage, 4V to 12V (LV to 2V), 1s applied to the wire, which is the
anode.

4. Etching for about 10 minutes (5 minutes), the neck of the wire fractures by the

weight of the inserted part.

18
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Fig.3.10. Electrochemical etching of tungsten‘orgold tips. (Drawn by Guo 2007)

During a scan, the tip often undergoes unexpected and spontaneous changes that may
influence the look and the resolution of STM images. Since the randomness property

of tip condition is unavoidable, we can sharpen the tip by immediately applying a

strong electrical field to make atoms of the apex realignment.
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Fig. 3.11. The SEM images of a W tip. (Captured by Y. F. Lin.)

20



3.1.4 Vibration isolation system

“Effective vibration isolation is one of the critical elements in achieving atomic

resolution by STM. The typical corrugation amplitude for STM images is about 0.1 A .

Therefore, the disturbance from external vibration must be reduced to less than 0.01

A ”[1] .Maintaining the relative distance between the tip and the sample is also the
purpose of vibration isolation. The amplitude of vibration of various frequencies
should be minimize. The vibration isolation elements commonly used are springs or
vitons (4 Rlz’f{}”) together with dampers. The résonance frequency of a well designed
system is down to 2~3 Hz. A high rigidity of the structure between the tip and the
sample can overcome the extremely low frequency vibration.

We construct_the vibration isolation system, by using suspension springs made by

stainless steel with appropriate original length.

3.1.5 The STM frame and the stepper

The design of our STM frame is very sumple-in-geometry appearance for easily
manufacturing, and the most parts of frame are consists of aluminum alloy for light
weight. The disk scanner holder is put on the lower plate of frame, and the sample
stage is glued to the upper plate of it. In order to receive a high rigidity between the
sample and the tip, we select a heavier material of brass as the upper plate with three
micrometrical screws as crutches, which indent on the lower plate by gravity. The
three micrometrical screws play the rules of stepper. The two near sample screws
function as coarse step while the far one functions as fine-step by the lever principle.
The lever’s arm is about 1:100 and the screw is an 1/4”-80 fine adjustment screw.
When we operate the STM practically, we can let the tip do a nanometer move of

tunneling current scale by rotating the screws by hands. One of side plates is

21



preserved to do the connection between the frame and the electronics box.

Fig.3.12 The STM frame.(The disk scanner, sample stége;lscr_fws, springs, and connection wires are

omitted.) . i !

Fig.3.13 The 1/47-80 fine adjustment screw. ht

3.2 Electronic part

The method of taking STM images we use is constant current mode. So we must
design an electric circuit to detect the height of tip describing the topography of
sample. The height of tip is reflected in Z-axis motion of the disk scanner. Also we

must design a feedback system to fix the tunneling current at a desired value.

22
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Fig.3.14. The conceptual.diagram of Z-axis feedback system in STM.

Combining the“computer terface and the X-Y-Z position, the electronic part is

complete.

= Disk scanngr

™ |
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Fig.3.15. The whole electronic elements of our STM.
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3.2.1 Current amplifier
A current amplifier is necessary to detect the very low tunneling current. The typical

current to voltage amplifier is shown in Fig.3.16 .

2 Vout= -I*R

Fig.3.16. The current to voltage amplifier. The feedback resistor R dominates the gain.

A typical value of the feedback resistor used in STM is:10*(). There are also some
inevitable parasitic capacitances in the amplifier circuit. Those parasitic capacitors,
the thermal noise of the feedback resistor, and the characteristics of the op-amp can

affect the performance of the current amplifier.

Preamplifier

N

vt

Fig.3.17. The current amplifier we use. The noise we tested is below 10 mV.
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3.2.2 Feedback loop
We constitute a negative feedback: If the tunneling current is samller than the set
current, the voltage applied to the z-piezo tends to approach the tip to the sample

surface, and vice versa.

C=100pF
|/
I\
C=1uF Rp=5k
R=10Nk |/ - )
SetVt
V- 2 L Ri=100k
La74 1 4%'" < A 2 Z(t)
3 | g 1]
T+ i e(t) 3
-Vt FB-%
R=10k

Fig.3.18. The feedback loop circuit. It consists of a difference amplifier and an integrator together

with an inverter amplifier. Ri is tuned as I gain, and Rp is tuned as P gain.

The error voltage is
e(t)=(V+)—(V-)=—|Vt|-Setkt
3.1)

And the output of the feedback loop z(t) is

je(t')dt' R sz . 32

20 (Ri+5Kk)

~ (Ri+5k)

)
The above shows we use the Pl-controller. The D-controller is generally unused

because a differentiator amplifies high frequency noise.

3.2.3 Negative absolute circuit

The sample bias we apply may be positive or negative. So the tunneling current may

25



be from sample to tip or from tip to sample. Then the Vt, output of the current
amplifier, may be negative or positive. A trouble will happen in feedback loop if we
directly compare Vt with SetVt. So we design a negative absolute circuit to ensure

the voltage compared with SetVt is negative.

R=10k R=10k

=+

. i ;
| R=10k | R=5k 3 .
_H_ ADTOR . | Vt |

JPADS é’ﬁqﬂﬁ -
- [ =376k

° o il 2

=10k 3
vt = AO7DE

=+
=
=4k

(Negative absollitsg Walus Clircult)

Fig.3.19. The negative absolute circuit. It is often used as the full-wave-filter circuit.

3.2.4 X-Y-Z position

We apply periodi¢ ramp. voltages-to the X =and Y- piezo to make the scanner do the
X-Y scanning. And the Z-piczo voltage must be added to the ramp voltages to adjust
the tip’s height at every XY location. So we construct a circuit which consists of
some inverter amplifier to do the job. Since the disk scanner can work by just

applying low voltage to it, the high voltage amplifier is not necessary.
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Fig.3.20. X Y Z position. The saturation of op-amp must be still considered when we operate the STM.

3.2.5 Digital to analog.circuit

Computer control has been an gssential part of STM ever since the beginning. Most of
the laboratory STMs and commercial STMs use software and D/A converters to
generate scan voltages. We also give the sample bias to the sample and the SetVt to
the feedback loop from D/A converters. The D/A converter we use has a full range of
-10 V ~ +10 V, with 16-bit accuracy. Each step is 20V/2'°=0.000305 V. By using it

directly to drive the x,y piezo with the disk scanner’s typical piezo constant of

0.1 pm/V, each step is 0.305 A
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Fig.3.21. The D/A converters.

3.2.6 Analog to digital circuit
The reading of zpiezo voltage is taken to the computer with an A/D converter. We use

a 16-bit A/D convertor with 10 7z s sampling rate. Each step is.also 0.305 mV.
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Fig.3.22. The A/D converter.

3.3 Computer part

Control program and analysis software

The STM control program isvdeveloped by Prof: Wen-Bin Jian. Most standard

parameters of STM are included in this program.

Scanning Area j Total 5

canning Area

Set Current  |3.000000 (na)
2l
Bias 0,500000 ()
T

Pulse: 5000 mi

—J— Pulse

Dweling Time: 5 ms
I

=
offetx o m
-t
Offset ¥ 0 nm
= -t
Area: 1000 x 1000 nmz
il
300 points
¥ Auto Contrast I~ ¥scan I Continuous I
System Information -
|7TImEI’ Resaolution! 1 ms. |
Panel
’7 Scan I Stop | Save | InFormation Exit
|

Fig.3.23. The STM control program.
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After taking the STM image, the original image should be processed for the

convenient of analysis. A Nano-scale Image Processor also developed by Prof.

Wen-Bin Jian can do the process and analysis.
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Fig.3.24 The NIP program.
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Chapter 4 Results and Discussions

4.1 Spring vibration isolation system

We adapt the simplest method of suspension springs when we design our vibration
isolation system. It can be modeled as the one-dimensional system of mass, spring,

and damper.[3]

wall LAl A A S ‘

| | ]

:huﬂﬂr «

]
|
|
1
: |
7 b ‘, o fadamping =
P, |

Fig.4.1. The mass, spring, and damper system.

The system is governed by the belowdifferential-equation:
mi + cx + k= f(0), = eX # kX

(4.1)
2= (4.2)

m
X()=X “e""” for sinusoidal vibration (4-3)

The transfer function is

2 2 2
Xo | w, +4y°

X,| (@ -0 +4y'0® @9

K ()=

If the interference frequency is far higher than the nature frequency of the system and

the damping is negligible, then the transfer function is:
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Klw)=| =] == (4.5)

So the high frequency excitation can be filtered.
If the excitation frequency is close to the natural frequency of the system, the transfer
function would be large.

At the resonance frequency:

K(w)= (4.6)
An appropriate damping must be applied to avoid such resonance excitation.
The resonancefrequency should be minimized:
Jo=2nNk/m 4.7)
T ]ig 4.8)

. 5.0
=y j o ﬂ/AL(cm) (4.9)

So if the elongation length is 25 cm, the resonance frequency is about | Hz. For the
consideration of filtered frequency and the space use of the system, springs which

resonance frequency is about 1Hz to 5 Hz are used.

4.2 Test for designing the feedback loop

Before the design of feedback loop, we must ensure what polarity of the applied
voltage would cause the disk scanner to bow up or down. The test steps are:

1. Rotate the micrometrical screws and let the distance between the tip and the
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sample be small enough to occur tunneling current.
2. Apply an increasing or decreasing voltage to the disk scanner. Check the tunneling
current is increasing or decreasing.
The result of our test is the tip approaches the sample when we apply a decreasing
voltage to the disk scanner. This means the disk scanner is bowing up when the
decreasing voltage is applied to the electrodes of it. An inverse result occurs when we

apply an increasing voltage.

4.3 STM images

Although we approach the tip to thersample carcfally, the image we take is hardly
soon good. We must always do some-tip sharpening patiently to get a good image. We
have taken many STM images-with good conditions. The graphite is the typical
sample when we study surface science. We can detect the atomic steps of graphite by
the simple STM. This implies that the resolution of our STM is under the scale of one

nano meter.

Processing Batksromnd
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€ {zt-Order
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*7 Range - angz
[20 =

£ Range - 1 angs

o

€ 3rd-Order

Fig.4.2 The graphite image with 2 steps in the area. (996X996 scan area units)
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Fig.4.3. The more amplification image of Fig.4.3. (365X365 'scan area. units)

Fig.4.3 is the amplification image of Fig:4.2. . We can easily find the consistency of

e

the two steps feature of them. So'the.control parameter.of scan area works well.

m .

Fig.4.4 A series of scanning images of graphite.
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Fig.4.4. shows a series of scanning images of graphite. The last six images were taken
in almost the same position of graphite surface with different scan areas. We can find
that these images show good consistencies and good reproducible properties. This

means our simple STM is very stable and the images are very reliable.

4.4 Calibration

Although we can take good images of graphite surface, we still have no idea of the
real scanning area of the disk scanner. So we must prepare a known standard
specimen to determine the parameter we want to know. The DVD master with a

periodic topography is a good surface for the calibration. To ensure the topography of

DVD master, we can also scan the surface by the commercial SPM.

B8 (007 1opvighsh I 5 .

|
0.00 2752
[rir]

Fig.4.5. The topography of DVD master surface taken by the commercial SPM in our laboratory.
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Fig.4.6. The data analysis of Fig.4.5.. It shows the ‘period of .the line pad iS about 320 nm and the
height of it is about 20 nm.
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Fig.4.7 The image of DVD master surface taken by our simple STM.
Fig.4.7. is taken in a scan area of -10V ~ +10V we apply to the disk scanner. The
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known periodic of the topography is 320 nm. So the disk scanner’s piezo constant is
about 3um/20V=0.15um/V.
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Fig.4.8. The image is taken'in smaller scan area.which means higher amplification.
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Chapter 5 Conclusion

During the process of building the simple STM, we encountered many problems. The
tip’s approaching motion of our beginning design was not stable and not reversible.
This causes the tip easily to crash into the sample. So the tip’s condition would always
be too bad to get a believable image. The control program also underwent many
corrections and improvements to be suited to our STM. The problem of the tip’s step
motion can be solved by using a frame with high sigidity. And the ratio of the lever’s
arm should be larger enough to let the tip do micro-movemeit.

The noise in electric circuit is also botherseme. A" metal box can shield the
electronic elements from interference of electromagnetic.waves. The thermal motion
of electrons in electric elements can be reduce by lowering the manipulating
temperature. In.order to reduce the use of outer connecting wires, we do electronic
layouts in one box. This alsgmakes our mnstrument motre compagt.

The P-gain, I-gain values are important parameters when the system undergoes a
feedback control. Since the feedback loop generally has some time delay, a high gain
would mean a relatively fast approach of the reference position, while a low gain
would mean a relatively slow approach. [t the gain is set too high, the system will be
corrected too quickly and too much, which will cause the system to oscillate around
the reference point. If the gain is too low, the system will react too slowly to change
the tip’s height, which means the sample’s topography is not well reflected. In
theoretical PI-controller analysis, increasing P-gain would reduce the steady-state
offset (but never reduce to zero) but lead to instability. Adding I-gain could eliminate

the steady-state offset but let the transient response worse.
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