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Chapter 1 Preface

1. Announcements
1.1 Grounding

Make sure that the instrument is properly GROUNDED, which is the basic
requirement of electrical safety. Besides, it also guarantees the anti-interference of the
instrument.
1.2 Safety

POWER OFF the controller before any hardwires connection and disconnection.
1.3 Movement of probe

After the probe of the system approaches the sample, the probe can NOT be
moved and any rotary knob on the probe can NOT be adjusted, or the needle will be

damaged!

2 Precautions of the scanner

2.1 The core part of the scanner is the piezoelectric ceramic. It is fragile. Please
take it gently. Do NOT drop it or press it.

2.2 Before using the scanner, please take off the protective lid. After using it,
please cover the scanner under the protective lid and put it into dry storage.

2.3 If there is a need to transport the scanner, you must cover up the protective lid
and use the vibration-absorptive and cushioning material for packaging.

2.4 The scanner easily gets damaged in the humid environment. If you use the

damaged scanner, the circuit of the main controller may get damaged.



2.5 The scanner must be stored in the DRY and ENCLOSED environment. It is
suggested that the user should put the scanner in the dryer or the moisture-proof and
enclosed container. Additionally, the user should put a proper amount of silicone
moisture-proof materials in the enclosed container.

2.6 After using the scanner, the user MUST take the scanner out of the
foundation of the scanning platform and then put it in the dry and enclosed

environment.

3. Requirements on the working environment

The system requires certain requirements to the working conditions. To ensure
the instrument can be used properly and to achieve the ideal function, the user should
confirm the following aspects one by one before installing the system:

3.1 General environment demands: the system is a set of fine equipments
integrated with mechanics, optics and electronics, suitable for indoor installation. The
installation conditions are as follows:

» It is prohibited from getting in contact with rain or other water source so as to
avoid electrical failure.

» Do not install the instrument in the acid, alkali or other erosive environment to
protect the system from being damaged.

» Do not expose the equipment under the sun for a long time so as to protect the
system from aging.

» The core part of the scanning probe microscope is piezoelectric ceramic. The

three-dimensional movement can be conducted through controlling the voltage



between each electrode of the scanner. The voltage difference between the

electrodes reaches 400V. However, the gap between the electrodes is quite

narrow. The insulation capability of the piezoelectric ceramic reduces
dramatically after it gets damp. Therefore, the humidity of the working
environment should be controlled strictly.

» Environmental temperature: 18 - 25°C

» Environmental humidity: <30% (relative humidity)

3.2 Before the system is powered on, the user must ensure that the power supply
of the system’s installation site is well grounded. A good grounding can not merely
enhance the effect of electrical shielding and increase the system’s anti-interference
ability, but is also a necessity to guarantee the electrical safety. The power of the
system is directly supported by municipal AC electricity supply. The voltage designed
for the operation of the system is AC220V, allowing a deviation of +£10%. The user
must control the deviation within this range. Otherwise, the system should be
equipped with steady-voltage power supply.

Notice: If the voltage exceeds the allowed deviation range, the system may fail to
work normally. Moreover, it may cause the destruction of the system. In addition, the
user should also confirm that there is no frequently-used high-power switch that
shares the same power source with the system or the electrical equipment with sudden
high-current near the installation site of the system so as to avoid the electromagnetic

interference through power line coupling.



3.3 No intense vibration source, the sample of strong sound source scanning
probe microscope and relative accuracy of the probe’s spatial positioning directly
decide its resolution. Vibration and sound source will bring interference, thus
reducing the accuracy. As a result, no intense vibration source and strong sound
source is the prerequisite of the installation site.

3.4 The probe equipped with the system has good anti-interference capability
against sound-, light-, magnet- and vibration. However, in order to achieve the
optimal effect, especially when the specific application area of the user puts a high
demand on resolution, the equipment should be installed to the anti-vibration
equipment which generally adopts optical pneumatic cushion platform or spring anti-

vibration mount.

Optical Pneumatic Cushion Platform



Chapter 2 XMU-BY-LG Scanning Electrochemical Workstation

1 Functions of the system

XMU-BY-LG scanning electrochemical workstation can be used for monitoring
the in situ potential distribution, in sifu current distribution and STM morphological
distribution on the surface of the electrode. Besides, developing and utilizing different
kinds of potentiometric ion selective probes can in situ test the ion distribution on the
surface of the electrode, such as Cl- and pH.

In addition, the specific target point testing function of XMU-BY-LG scanning
electrochemical workstation can automatically position the probing needle in the area
which you are interested in, and then track all electrochemical information at this
certain area, such as the test of the potential’s changes during different periods, the
test of the potential’s changes with the changes of the distance of X/Y/Z, the test of
the material’s distribution changes and the test of morphological changes. In addition,
we can also carry out the location test in various ways through jointly using the

ordinary steady potentiostat.

2. System components

XMU-BY-LG scanning electrochemical workstation is composed of four parts
(Picture 2-1): scanning platform (including the scanning probe, foundation of
scanning platform, scanner, probing needle mount and probes), controller, machine

controller and computer control system.



Picture 2-1 Main composition of XMU-BY-LG scanning electrochemical workstation
2.1 Computer control system

The computer control system includes: computer workstation, computer interface
and computer software system.

The computer workstation is a standard microcomputer system. The computer is
connected to the controller with Fast Ethernet. The user achieves the control on the
equipment in SPM Console on-line control software. The scanning result is output on
the computer display screen in real time.

2.2 Controller of XMU-BY-LG scanning electrochemical workstation

The controller is the main electric control system of XMU-BY-LG scanning
electrochemical workstation. There is a LCD on the front panel (Picture 2-2), which is
used to monitor the state of the system. The back panel (Picture 2-3) reserves multi-
channel simulation and digital signal input/output interface, which fully satisfies the

user’s demand on the application and re-development in the future.



Picture 2-2 Front panel of the controller

The following are the definition of each interface:

ACIn Interface of power supply and the input of AC power supply (AC
220V/50Hz);
Fuse Fuse holder (AC 250V/4A);
SPM Connection interface of the probe; connected to SPM
Power* Output interface of the power Ref? Refer to signal output
supply
AD/DA* Simulative signal input/output To The needle signal is output to
interface LIA* the lock-in amplifier
DI/DO* Digital signal input/output From Input from the lock-in
interface LIA*# amplifier
Signal Out* | Signal output interface of the
instrument
Signal In* Signal input interface of the
instrument
Ethernet Ethernet interface; connect to the control computer through the crossed

network line

Picture 2-3 Back panel of the controller and definitions of each interface




2.3 Scanner of XMU-BY-LG scanning electrochemical workstation
The largest range and resolution of scanning is determined by the scanner chosen
by the user (Picture 2-4). The longer scanner can provides a larger scanning range. In
general, the scanner with a smaller scanning range can obtains a higher scanning
resolution due to the smaller noise impact. The larger scanner can provide a larger

scanning range with limited resolution.

1 pm scanner 20 pm scanner 100 pm scanner

Picture 2-4 Scanners of different types

The core part of the scanner is piezoelectric ceramic. According to the added
voltage, it can stretch or shorten itself independently on the directions of X, Y and Z.
Because of the different physical properties of each piezoelectric ceramic, every
scanner has its own specific parameter (extension coefficient and X/Y non-linear
parameter). These parameters have been attaches with the scanner.

Notice
1. The scanner is fragile. Please take it gently. Do not drop it or press it.
2 Before using the scanner, please take off the protective lid. After using it, please

cover the scanner under the protective lid and put it into good storage.



3 If there is a need to transport the scanner, you must cover up the protective lid
and use the vibration-absorptive and cushioning material for packaging.

4 The scanner easily gets damaged in the humid environment. If you use the
damaged scanner, the circuit of the main controller may get damaged.

5 The scanner must be stored in the dry and enclosed environment. It is suggested
that the user should put the scanner in the dryer or the moisture-proof and enclosed
box. Additionally, the user should put a proper amount of silicone moisture-proof
materials in the enclosed container.

6 After using the scanner, the user must take the scanner out of the foundation of

the searching probe and then put it in the dry and enclosed environment.

3 System interface

The whole system interface can generally be divided into 8 areas as shown in the
following (Picture2-5).

Al: Menu bar

A2: System parameters settings

A3: Real-time display window of two-dimensional signal

A4: Window of image buffer area

AS: Real-time display window of single line signal

A6: Setting window of signal parameters

AT7: Signal switch window

AR8: Status bar



Menu bar includes five parts, including system, functions, languages, view and
help. System parameters settings windows includes system status, control, image
setting, working mode, scanning parameters settings and data display. Real-time
display window of two-dimensional signal mainly shows the graphics made with the
obtained data. Real-time display window of single signal is mainly used in showing
the changes of single-line data in real time. Window of image buffer area is used to
store the data graphics temporarily. Setting window of signal parameters is mainly
used to adjust the setting of the wave parameters. Signal switch window is used in the
switch of different windows. Status bar is use to display the working status of the

instrument.
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Picture 2-5 Interface of XMU-BY-LG scanning electrochemical workstation system
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3.1 Menu directives

3.1.1 System menu



It is mainly used in the system setting of the scanning machine. When using the
instrument at first time, we should set the instrument systematically. If there is no
significant problem, we do not need to change the systematic setting.

» Net Driver

Set the working network of the environment. Usually, we choose Winpcap
(recommended). Generally, when we start the software, the instrument will choose
and connect the network automatically.

» NICs Setting

It displays the code of the instrument, and then carries out detection. (Picture 2-6)

#'s Card Auto Detection

Select Type: | Senial Mumber L |

[nztrument Code:

Start Detect | | Customize. .. |

Picture 2-6 Dialog box of NICs setting

Wl Scanner Settings rzl
Status
Maximan Size  Height Scale X Fast Scale T Fast Scale X Slow Scale T Slow Seale Scarmer Name  Current Scarmer
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| 157300miv 2 v | 224.9900miv & v| | 227.905nmi 2 v | 260434 nmiv £ v | | 272587 nmiv £ v |
Control
[ Refrem | [ LoadPuram | [ Seve Param |

Picture 2-7 Dialog box of setting the scanner

» Scanner Setting



The parameters of the scanner are set in accordance with its type. Generally
speaking, different scanners have different scanning parameters. However, one certain
type of scanners has fixed scanning parameters. (Picture 2-7)

» X/Y Non-linear Correction

Generally, the probe will have the phenomenon of heat drift when scanning. We
can reduce the distortion caused by the heat drift through X/Y non linear correction.
(Picture 2-8)

» Image Comments

Name and annotate the graphic. (Picture 2-9)

S G X % Image Comments Dialog

Choose a Scanner _ v Current Scamner: |SoannerS Image Pmpeﬂy
I Correction: T Correction: Centrol
b PEETIn ] by e =] Title:

Title
Bx ﬁSéSBASDUDDDD = By P.zeaesnzumnu =

Resat
Cx FUUUUWﬁﬁUj]UU E|; Cy fu 000763871200 E|; Hote One:
Dx [oomonssen = by fOOOMONERL <
Fote Two:
LT Non-linear Correctioms list
The current velue
B01
Image Format
g o

The owrent corvestiom file path
el

Picture 2-8 Dialog box of distortion correction Picture 2-9 Dialog box of setting the
information of the graphic

> Potential Coefficient

Set the working electrode coefficient, the reference electrode coefficient, the
potential difference coefficient and the image coefficient. Besides, we can set the
polarization potential of the working electrode and implement scanning under the
polarization potential. (Picture 2-10)

> Task Plan



Set the time interval and carry out interval scanning time, i.e., scan at certain

interval times. After completing the task, we should return to this sub-dialog to “stop”

the task. (Picture 2-11)

> Exit

Close Spm Console (CHS) software.

— Platform Parameters Setting

Platformm Coefficient Setting
WE Coefficient: 1.00 5w
Poten. Duff. 1.00 2 «
Coefticient:
Polarize Setting
Polar Volt: -0.500W 5w
[ 0K

)

BE Coefficient: 1.00 5w

Irnage Coefficient: 1.00 5 v

[ O ]

Picture 2-10 Dialog box of setting the platform

@ Task Plan Dialog, @

Plans List
Plans Lizt

Plaml Dezcription:Scan

[nterval;

3600 % v

[v Erecute or Mot

Start

Times: a

4>

Cloze Dialog

Picture 2-11 Dialog of the task plan

3.1.2 Functions menu

It mainly includes software upgrading and the three-dimensional movement of

the control platform.




» Functions Upgrade

If the software development has new functions, we can upgrade the functions of
the system with the upgrading software provided by the manufacturer to enhance the
functions of the system.
» Controller Upgrade

It has the access of upgrading software provided by the manufacturer to upgrade

the software of the controller. (Picture 2-12)

% Controller Software Upgrade Dialog

Controller ¥Wersion: spm/DNA ¥3. 0227 |

The upgrade file:

| | I Browse. .. l

Control

[ Tpgrade [ Cloze I

Sending Frogress:

[ )

Designate a filename and click upgrade button.

Picture 2-12 Dialog box of upgrading the software of the controller

» Platform Movement

It is used in the three-dimensional movement of exquisite sample control
platform. We can move the sample platform through controlling the moved steps of
XYZ axis (the step length of Z axis is 50 nm; the axis of X/Y is 100nm). We can also
move the sample platform at certain speed. (Picture 2-13)
» Feedback Parameters Calculation

We can control the system well with integral gain and proportional gain feedback

control. (Picture 2-14)



Z Platform Movement Dialog

% Adjustment

™ Left + Right

Move 1,000 2 Run
Shane:
A3 . Mouse down on the left button to move continuously.
St 500pmis 5 v o W

' Adjustment

- Eolwar (* Backward
Move 1,000 2 Run
Shane:
A3 g Mouse down on the left button to move continuously.
St a00pmis 5w s W

Z Adjustment
" Up & Down
Move 1,000 2 Fun
Shane

T Z Mouse down on the left button to move continuously.
St 00 prfs 5w o= W

Feady

Picture 2-13 Dialog box of the platform movement

48 Feedback Parameters Calculation

Parameters tor Calculation

Amplitude v | Start H Stop l

W Auto

Result

Integral Gain 0 Proportional Gain 0
Feriod i Amplitude 0

Feedback Parameters
Integral Gain 12,000 : £ Froportional Gainl (000 : LY

Click Start button to start calculation

Picture 2-14 Dialog box of the feedback parameters calculation

> Net test

Test the working network (Picture 2-15)



“Z Met Testing

—Test Information Yiew

Total FPacket (=110000
Facket (=) Finizhed:0
Packet (=) Left ! 10000
Parcket(z) Error 0 0

Facket (=) Owertime:0

Testing Paclket Humber:

10,000 % V| EStart Testingé_l ’ Close ]

—Check Frocess

(

3.1.3 Language menu

Picture 2-15 Test the network

Set the display language of the software, including simple Chinese, complicated

Chinese and English.

3.1.4 View menu

It is mainly used to display or hide the sub-window of the operation interface.

The chosen window will be shown in the signal switch window at the bottom of the

interface. (Picture 2-16)

3.1.5 Help menu

SEE

View (W) | Help(H)

[ S

Meazmre Curve Ctrl+i
System Parameters Settings
Image Buffer Ctrl+Shi £1+F3
Meter View Ctrl+5ha ft+L
Topography Channel

Current Channel

#1]1 Channels

System Palette

30 Image

¥ideo Capture System

Layout (Single Secreen)
Layout (Tual Sereens)

Picture 2-16 View menu
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» What’s new?

Open the detailed explanation of the version.

» About

Open the “About” window; and it shows the instrument version, the information of

the company, etc. (Picture 2-17)

il About...

All rights reserved € 2010-2015 All rightz reserved by Benpuan compaty

Home page:  hitpefhanane spin. cornent
Technical support:  E-mail ywiiflspra coro.ch phone 200-230-3560

Version: C5PM Console Y01.0250

Picture 2-17 Dialog box of “About CSPM On-line Control” Software

3.2 System parameters settings
» System Status
Generally, when we start the software, it will connect the host automatically in
the initialization process.
» Control
The shortcut button of scan ( ) is used for scanning after the

Engage
completion of engaging probe; the shortcut button of engage () is used for

engage automatically, withdraw, run single and levelling adjustment. When you click

the shortcut key of engage, the dialog box shown in Picture 2-18 will appear.
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& a

Engage |Yithdraw | Bun Single | Levelling

Engagze Automaticalls

¥ Confirm “Setpoint” hawe been
properly set!

Z ¥Woltage:

Picture 2-18 Dialog box of engage

® Continuous---After scanning the previous image, it scans the next image
immediately.

® Dual---It collects date both when the needle moves toward the left and the right
(forward and backward) and gets two images.

® (Cycle---After it scans the previous image, it scans the image back to forth
immediately.

» Image Settings

® Resolution---Set the resolution of the image, i.e., the number of collected dots.

® Aspect ratio (height: width)--- Set the shape of the image.

» Working Mode
It includes four working modes, i.e., scanning reference electrode test (SRET),

scanning tunneling microscope (STM), scanning current test (MI) and scanning

reference electrode - scanning tunneling microscope joint test (SRET-STM). When

the working mode changes, the scanning parameters will be changed accordingly.

» Scanning Parameters Setting



Scan direction---Set the scanning direction of SRET (left / right / upward /
downward);

Scan size---Set the range of the scanning area

Scan rate---It decides the scanning speed, i.e., the lines it scans every second. For
example, if we set it as 0.8, then it scans 0.8 lines every second.

X/Y direction---It can be used to adjust the scanning position.

Feedback type---It is used to set the feedback pattern in the scanning STM mode
(logarithm/linear). Generally, we choose the logarithm pattern.

Scan angle---It is used to set the scanning direction of the STM mode. We can
obtain an ideal image through adjusting the scanning angle.

Bias ---We can set the initial current signal value through adjusting the bias
voltage. The value of the signal should not be too large in case of the failure in
needle approaching.

Set point---In order to obtain a good scanning image, the system must control the
interaction between the probe and the sample accurately. Through the electrical
control circuit, the system controls the extension in Z direction of the
piezoelectric ceramic, which enables the interactive force between the probe and
the sample equals the reference point set by the user (Under different working
modes, the interactive force between the probe and the sample is different, so is
the significance of the reference point), thus protecting the probe from colliding
with the sample. Besides, through recording the voltage of the piezoelectric

ceramic in Z direction, we can get the morphology of the surface of the sample.



The user sets the reference point to maintain the operation of the feedback circuit.
The reference point emphasizes that the feedback circuit must maintain the steady
interactive force between the probe and the sample.

Proportional gain---The feedback circuit calculates the error of the actual
interactive force between the probe and the sample and the set reference point at
certain intervals. The proportional gain controls the speed of the compensation
for the error. The larger the proportion gain is, the more acute the feedback is.
Proportional gain only cannot make the feedback circuit steadily work on the
reference point set by the user. The system will have certain errors. In other
words, the system can only approach but cannot reach the set reference point.
Integral gain---It is used to make up for the accumulated systematic error. In the
system, if we only use the proportional gain, the system will have errors more or
less. Therefore, the system has to know whether the total error of the interactive
force between the probe and the sample and the error between the reference
points increase or reduce at certain intervals. The integral gain is to make up for
the accumulated systematic error during this period. The larger the integral gain
is, the more acute the feedback is.

Reference gain---For a majority of samples, the morphological data obtained
through scanning is consecutive to those in the last line. Therefore, the system
introduces the parameter of reference gain. Through recording the data obtained

in the last line, we can predict the morphological data of the current scanned line.

20



Because of the consecutiveness of the morphological changes of the samples,
reference gain is more effective for the samples whose morphology is regular or
cyclical, such as raster.

Data display

Signal---It displays the value of the channel current. In the scanning channel
mode, the value of the channel current changes with the distance between the
needle tip and the surface of the working electrode. The piezoelectric ceramic
maintains the current unchanged through adjusting the distance. We can get the
morphology of the surface through recording the adjustment value of the voltage.
Z voltage---The voltage added to the piezoelectric ceramic with the change
ranging from -180~ + 180V. In the scanning tunneling microscope mode, Z
voltage changes with the adjustment of the distance between the needle tip and
the surface of the working electrode. In the mode of the SRET, the voltage added
to the piezoelectric ceramic is fixed, so the displayed value remains unchanged.
WE---The voltage of the scanning probe

RE---The voltage of the reference probe

Potential difference---The potential difference value between the scanning probe

and the reference probe.

3.3 Real-time Display Window of Two-dimensional Signal

It displays the collected date in the form of images. The shade of the color in the

image indicates the scale of the potential.

3.4 Image Buffer Area

21



It is used to store the scanned image temporarily. It is suggested that the image should

be stored under the catalogue of target after scanning.

3.5 Parameter Setting

» Size Grid
It is used to display the changes of the data in single line in real time.

» Waveform parameter

® Trace---When we select it, the waveform will be on display; when we cancel the
selection, the oscilloscope will not show the waveform.

® Save--- The dialog box will pop out and the waveform on display store can be
stored, when it is clicked.

® Auto refresh---When we select it, it will display the changes of the waveforms of
each line with scanning dynamically; when we cancel the selection, the waveform
will stop at the time of cancellation.

® Background rejection---In SRET mode, the surface potential is generally large, it
will glass over some small potential peaks/valleys which can indicate the surface
changes. So it can reject the basement potential to display the potential change
more clearly. When the selection is cancelled, you need to add signal bias voltage
to display the graphic generally. Therefore, the background rejection need to be
choose generally in SRET.

® Surface fit---In STM mode, the leaping data may occur because of the impact of
the external factors. Generally speaking, when the correction of curved surface is

0-3 order, the impact causing leaping data can be weakened.

22



» Parameter setting

® [ owpass filter---It is used to get rid of the impact of the noise.

® Gain---It adjusts the magnification times according to the image after scanning so
as to optimize the data within the display range. Generally, the magnification
times in SRET mode is 100 times.

® Brightness---Set signal biasing according to the surface potential so as to make
the signal value within the displayed range.

® Z-limit ---Generally, in the STM mode, it cancels automatic extension adjustment
and adjusts the extension range to maximum (360V).

® Save the image or not---In selection, it will automatically store the scanned image
into the image buffer area. When it is not selected, we should save the image
manually after scanning.

3.6 Signal switch window
It is used to display multiple windows. The window on display can be selected in

the view menu.

3.7 Status bar

It is used to display the working status of the system.

23



Chapter 3 Introduction of working modes

1 Scanning tunneling microscope (STM)

1) Fix the working electrode upon the scanner and level the sample with the
horizontal spirit bubble. After the installation (adjust the probe to the scanning area
where you are interested), turn on the controller and host successively and then enter
the working interface of the software. After opening the working interface, the
software will connect the main controller automatically. If the connection is normal,
the bottom of the working interface will display “Controller initiating”; if the
connection is abnormal, restart the main controller (Picture 3-1).

2) The system parameters setting window selects the “STM” as the working
mode and chooses appropriate resolution. The value of “Signal” in the signal display
window at the bottom shows that the value is around OnA and that Z voltage is
180.00V, as shown in Picture 3-1. If the displayed absolute value of “Signal” is large,
(e.g. larger than 1nA), there may be interference around. You should check whether
the metal box cover where the probe is fixed is closed or not. If it is closed, we can

adjust the value of “bias” in the scanning parameter window to reduce the signal.

24



A Spm Console Q@@

System(®) Functions(F) Lenguage@) Yien() Kelp(D)

[[System Parameters Seltings 2 X[ Topography Channel 2 % [ Image Bulfer (X3
Systen Status 1000001 566.28um A
Control — 9000.0ran. 500.00nm.

0~ @)
[Jcontimous [(calibration 2013':;;:;:'” 02
O tusl Otyele 8000.0ran.
Inage Settings 400 00z
Eesolution Aspect Ratio F—
Lﬁj ME
6000.0ran. 300 00nm 2013719151752
0’ - % Potential
STH
5000 0ren
Tesdbuck Trpe
200,000
Sean Rate 10HZ 2 v
4000 0ran.
Scan Size Sean Angle 2013719 152341
10,000 nm 3 v 0Deg 2 v Cumrent
X Y0: 3000.0rn 100.00ru,
F21ET4NT & v [11.407 nm 4 v
Bias Setpoint
2000 0ran.
0200V % v ) 200nA% v
PPETTin  Proportional Gain 0.00uu 2013719 153112
12,000 2 v 10,000 4w 1000 Ozt Current
Lift Start HeighLift Scan Height
= = 00mn
Pasameter Setfing B B[]
d Taves Signal Settings

2013.3-19 15:42:45
wrent

Lowpass Filter MaxScope = B0996nan.
_l]ff v | | seope = 10000nm

X0 =21674mm

10 & | [YO=11406mm

it
.n

360V 5 v
- 2013.7-19 15:49.17
Elisit Indiestor Do, Tuage o Not Cumrent
Caute 2-limit e -
—T— < >

7L.]TDDDWGUhYJL] rrent | 4 =l - | patette | M

200,200

Connected

Picture 3-1 Selection of working patterns

3) First, use the main controller to shorten the distance between the probe tip and
the surface of the electrode. Choose the engage button () in the “System
parameters setting), then the “Engage” will appear (on the right in Picture 3-2). Click
the “Engage automatically” in “Engage” window, and the scanning probe will move
approach to the sample automatically. If the approaching is not completed, the
reminding window will pop out (on the middle in Picture 3-2). After the probe
approaching, the Vz voltage shown in the window will fluctuate around less than
180.00V. Switch the window to “Run single”. (on the left in Picture 3-2). Click “Run

single” until the displayed voltage is around 50V; and then click “Done”.
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Picture 3-3 Scanning parameter setting

4) After the completion of probe approaching, we should set the parameters in
need in the scanning parameters setting (Picture 3-3), such as the scanning range,
scanning frequency (refer to the lines scanned every second. For example, if we set

the frequency as 0.8, then it scans 0.8 lines every second) and so on.
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5) Click “Scan” ( ) in System parameter setting window to begin

scanning. In the scanning process, we can adjust the “Lowpass filter” and “Gain”
(Picture 3-3) in Signal parameter setting window properly according to the scale of
the signal so as to get clear morphological image whose details can also be seen.

6) After the scanning, click the button of “Engage” (); choose the

withdraw interface (Picture 3-4) and click withdraw (2mm or Smm);
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Picture 3-4 Withdraw interface

7) Take off the probe and working electrode; and turn off the working software,

controller and host successively.

2 Scanning reference electrode test (SRET)

SRET requires fixing the distance between the probe and the sample accurately.

In order to realize the goal of automatic and accurate control, STM assistant automatic
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probe approaching pattern is adopted in XMU-BY-LG Scanning Electrochemical
Workstation. As a result, the first two steps are consistent with those in the scanning
tunneling microscope, i.e., approach the probe automatically to the surface of the
sample through controlling the tunneling current.

1) Refer to Step (1) and (1) in STM Measurement.
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Picture 3-5 SRET interface

2) “Engage” is completed when the voltage is less than 180 V. Don’t need for
“Run single”. After returning to the working interface, we should adjust the working
mode to “SRET” and choose “Function” menu---“Platform movement” (Picture 3-5).
Move the platform upward for 500-1000 steps (50nm for every step). After

completing it, we can close the dialog box (Picture 3-6).
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Picture 3-6 Movement of three-dimensional platform

3) Set the scanning parameters in the System setting window, such as the
scanning direction, range, frequency etc..

4) If the sample is partly eroded obviously, the partial difference is quite large
and that the signals of the scanning electrode and reference electrode are steady in the
testing environment, you may not require choose the “Background rejection”.
Otherwise, you’d better choose “Background rejection” and set magnified times in the
Signal parameter setting window to 100 times.

5) Add the research solution in the sample surface and then begin scanning.

6) After the completion of the scanning, click the button of “Engage” ()

and then choose the withdraw; click withdraw (2mm or Smm)
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7) Take off the probes and working electrode. Close the working software,

controller and host successively.

3 SRET-STM Measurements

SRET-STM Measurements are mainly applied in the association research of the
partial electrochemical behavior of the electrode surface and the micro morphology of
the electrode surface. The key point of the test is to obtain the electrochemical
distribution information through the SRET; then choose the position it is interested in
to carry out the in situ STM morphological change research/ In the testing process, the
two working modes use the same probe, which requires that the probe should both
satisfy the needs of SRET and the needs of STM test in the solution environment. At
current, the Pt-Ir needle prepared by our research group has basically met the
requirements of the test. The approach is mainly divided into three periods: (1) SRET
in situ potential distribution test; (2) Position the needle into the area that it is
interested in; (3) STM morphological test.

1) Refer to Approach 2 for the SRET test;

2) Position the probe into the area that it is interested in: (a) After getting the
eroded potential graphic by using SRET, open “Measure curve” and “Curve type” to
choose “DZ-Z motor”; and open “measurement” to choose “Target point”; (b) Choose
the points which need scanning the morphology in the graphics (double click the
position of the point). Remove the chosen points through the button on the right side
of the graphic display area. We can also get the information of the positioning points

from the “point property” (Picture 3-7); (c) After selecting the positioning points, we
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can click “Scan” in the system parameter setting window. When it scans the chosen

position, it will stop scanning automatically. (Picture 3-8)
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Picture 3-7 Position point scanning
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Picture 3-8 SRET and STM switch

3) Scanning tunneling microscope test: After completing the above steps, shift the

scanning mode into the STM mode. Engage the scanning probe until the Z voltage

value reaches around 50V (Notice: if the probe tip is not well sealed, the potential

display value will turn into -180.00V after changing the working mode. STM

scanning is not allows at this time); set the scanning parameters (such as the scanning

range and so on) (Picture 3-9). Refer to Chapter 2 for the detailed parameter

explan

ation.
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Picture 3-9 Engage the probe after the working mode shifts to STM

4) When morphological scanning test completes and if we still want to test the
potential distribution on the surface of the electrode, we can change the working mode
into “SRET” (Picture 3-10); then we can choose the menu of “Function”---*“Platform
movement”. Move the platform upward by 500-1000 steps, after completing which
we can close the dialogue. Then we choose “Measure curve” and click “Continue
scan” at the right button of the interface (Picture 3-11). The potential distribution test

will continue scanning from the positioning point.

33



Spm Console

Functions ()  Langusge L)

View() Help()

System Paramelers Settings 9 x| [ Topography Channel

Systen Status

Control

[CJcalibration
Oeyele

[IContinucus
CJoual

Inage Settings

Resolution Aspect Ratio
512 v 1:1 v
'.I“ ME
STH
SR
Fasdback Type L |¥
Scan Rate 10Kz A v
Scan Size Sean Angle
10,000nm 2 + 0Deg 4 v
x0: 0:

L21674nm 5 v | 11407 nm 5~
Biaz
0200V 4+

Setpoint
20004 % v

Proportional Gain
10,000 % v

Integral Gain
12,000 2w

Lift Start HeighLift Scan Meight

sv

Signal
T Voltage

Poten. Diff.

10000 Orera, —

Waves Signal Settings
W Trace Lowpass Filter IMawScope = B0996mm
™ Betrace
Gain 0 =E31674ren.
™ Difference V0= F1d0énen

[¥] Surface Fit

[“]Save Inage or Not
[auto 2-linit

2013-8-29 20:49.05
Potential

2013-8-29 20:55:33
Potential

2013-8-20 210602
Potential

2013-8-29 21:1505
Potential

2013-8-2021:21.26
Fotential

2013-8-2921:27:41
Potential

B > || Image Buffer >
Potential @

" X Topography [IEY ko [ B3 Al Channels I System Palette | @ Measure Curve | 50 I Video C

2007200

Picture 3-10 Switch the working mode
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Picture 3-11 Continue scan the SRET potential distribution
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5) When the selected area which it is interested in is more than one, the system
will also stop scanning after scanning to the next positioning point and wait until the
user finishes the morphological scanning as above. Then the system repeats this until
the test of the entire target points finishes (Pay attentions to the change of
engage/withdraw probe and the scanning parameters when shifting the working
modes).

6) After the scanning, click the button of “Engage” ( ), choose the
withdraw interface and then click start (2mm or Smm).

7) Take off the probes and working electrode; and then close the working

software, controller and host successively.

4 The Potential Measurement around the Target Point

The test of the information of the potential around the target point can used to
carry out the potential section line test on the three-dimensional direction (X/Y/Z) on
the partial points, thus obtaining the multi-directional electrochemical information on
the partial points. In addition, when we pay attention to single corrosion active point,
we can greatly improve the experiment efficiency and time resolution through
monitoring the change of one-dimensional potential distribution. The test process is
mainly divided into three periods: (1) SRET in situ potential distribution test; (2)
Position the scanning probe to the area it is interested in; (3) one-dimensional
potential distribution test.

The detailed steps are as follows:
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1) After getting the corrosion active potential graphic by using SRET potential

scanning, open “Measure curve” and “Measurement” to choose “Target points” and

open “Curve type” to choose “DVZ-Z PZT”; and choose the points to be studied in

the obtained graphic (double click the position of the point). (Picture 3-12)

2) After selecting the positioning points, we can begin scanning. When it scans

the target point, it will stop scanning. If we want to get the potential information of

the X(Y) axis of the positioning points, we can select the “Curve type” as “XZ-X

motor” (Picture 3-13); If we select the “Curve type” as “DZ-Z motor”, we need to

engage the scanning probe appropriately (Picture 3-14).
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Picture 3-12 Determination of target points
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3) In “XZ-X motor” or “YZ-Y motor” window, we can set the scanning
parameters, such as the distance at the beginning and at the end, the number of the
collected points and so on. After the parameters are set, click the button of calculation
(E=2=0); adjust the scanning parameters and control the step length more than 50nm.

4) After the parameters are set, we can begin measurement ([_==_J). Then after
the measurement, the results will show in the “Curve view”. We can save the results
with the save button on the right side of the window.

5) After we measure the information around the points, we can adjust the curve
type into “DVZ-Z PZT” and click “Continue Scan” (I “==*= )

6) After the scanning, we can withdraw the probe (2 mm or 5Smm); take off the
scanning probe and working electrode. Then we can close the working software,

controller and the host successively.

5. Micro-current Measurements (MI)

MI requires fixing the distance between the probe and the sample accurately. In
order to achieve this goal automatically and accurately, STM assistant automatic
probe approaching pattern is adopted in XMU-BY-LG Scanning Electrochemical
Workstation. So the first two steps are consistent with those in STM mode, i.e.,
approach the probe automatically to the surface of the sample through controlling the
tunneling current.

The measurement principle of voltaic probe: When the two insulating
microelectrodes close to horizontal distance each other but with certain height

difference, the measured potential of the two probes can be thought to be located in
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the same vertical direction (refer to the sample surface). Therefore, the local voltage
drop in this direction can be obtained based on the potential difference between the
two probes, eventually, the local current in the direction can be monitored. In general,
the current of vertical direction is maximum in the centre of corrosion site, that’s to
say, the voltage drop in same site is maximum, and this site also is the peak of current
density over the sample. Therefore, the current measurements can gain a better
sensitivity than the SRET.

1) Refer to Step (1) and (1) in STM Measurement (Notice: the voltaic probe
contains two micro probes. The probe with a long wire should be connected to the
scanning probe, while another with a relative short wire should be connected to the
reference probe).

2) In STM mode, Engage automatically until the voltage is less than 180V. Don’t
need for “Run single”. After returning to the working interface, adjust the working
mode to “MI” and enter the solution resistance (estimate generally), remember press

the “entre” key, then close the dialog box (Picture 3-15).
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3) Choose “Function” menu---“Platform movement”. Move the platform upward
for 500-1000 steps (50nm for every step) (picture 3-16). Close the dialog box after
finish.

4) Set the scanning parameters in the System setting window, such as the
scanning direction, range, frequency etc..

5) You are suggested to choose “Background rejection” and set magnified times
in the Signal parameter setting window to 100 times.

6) Add the research solution in the sample surface and then begin scanning.

7) After the completion of experiment, withdraw the probe.

8) Take off the probes and working electrode. Turn off the working software,

controller and host successively.

6. Micro-[Cl'] Measurements (CI- Distribution)

CI- distribution also requires fixing the distance between the probe and the sample
accurately. In order to achieve this goal automatically and accurately, STM assistant
automatic probe approaching pattern is adopted in XMU-BY-LG Scanning
Electrochemical Workstation. So the first two steps are consistent with those in STM
mode, i.e., approach the probe automatically to the surface of the sample through
controlling the tunneling current.

The scanning principle of [Cl-] probe: Using Pt microprobe to sense the tunnel
current and Ag/AgCl microelectrode to sense the chloride ions concentration. There
has triple function of the Pt microprobe: (a) to sense the tunnel current, precisely

control the distance between the probe tip and the sample surface; (b) to measure the
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in-situ STM image of the sample surface; (c) to serve as the reference electrode for
the Ag/AgCl microelectrode, measure the concentration distribution of chloride ion in
micro two-dimensional

1) Refer to Step (1) and (2) in STM Measurement (Notice: the [Cl] probe
contains two micro probes. The Pt probe with a longer wire connects to the scanning
wire during engage process, while another with a relative short wire is the Ag/AgCl
microelectrode).

2) In STM mode, engage automatically until the voltage is less than 180V. Don’t
need for “Run single”. After returning to the working interface, adjust the working
mode to “Cl- distribution”, enter the intercept and slope of the serving probe,

remember to press the “entre” key, then close the dialog box (Picture 3-17).
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3) Choose “Function” menu---“Platform movement”. Move the platform upward
for 500-1000 steps (50nm for every step). Close the dialog box after finish.

4) Exchange the probe connection. Remove the scanning probe connection from
the Pt microprobe to the Ag/AgCl microelectrode (the shorter wiring), and connect
the Pt microprobe (the longer wiring) to the reference probe connection.

5) Set the scanning parameters in the System setting window, such as the
scanning direction, range, frequency etc..

6) You are suggested to choose “Background rejection” and set magnified times
in the Signal parameter setting window to 100-200 times.

7) Add the research solution on the sample surface, then begin scanning.

8) After the completion of experiment, withdraw the probe.

9) Take off the probes and rinse the tips. Turn off the working software,

controller and host successively.

7. Micro-pH value Measurements (pH Distribution)

pH distribution still requires fixing the distance between the probe and the sample
accurately. In order to achieve this goal automatically and accurately, STM assistant
automatic probe approaching pattern is adopted in XMU-BY-LG Scanning
Electrochemical Workstation. So the first two steps are consistent with those in STM
mode, i.e., approach the probe automatically to the surface of the sample through

controlling the tunneling current.
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The scanning principle of pH probe: Using Pt microprobe to sense the tunnel
current and W/WOj3; microelectrode to sense the hydrogen ions concentration. There
has triple function of the Pt microprobe: (a) to sense the tunnel current, precisely
control the distance between probe tip and the sample surface; (b) to measure the in-
situ STM image of the sample surface; (c) to serve as the reference electrode for the
W/WOj; microelectrode, measure the concentration distribution of hydrogen ion in
micro two-dimensional

1) Refer to Step (1) and (2) in STM Measurement (Notice: the pH probe contains
two micro probes. The Pt probe with a longer wire connects to the scanning wire
during engage process, while another with a relative short wire is the W/ WO;
microelectrode).

2) In STM mode, engage automatically until the voltage is less than 180V. Don’t
need for “Run single”. After returning to the working interface, adjust the working
mode to “pH distribution”, enter the intercept and slope of the serving probe,

remember to press the “entre” key, then close the dialog box (Picture 3-18).
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Picture 3-18 the interface of pH distribution measurement

3) Choose “Function” menu---“Platform movement”. Move the platform upward
for 500-1000 steps (50nm for every step). Close the dialog box after finish.

4) Exchange the probe connection. Remove the scanning probe connection from
the Pt microprobe to the W/WOj3; microelectrode (the shorter wiring), and connect the
Pt microprobe (the longer wiring) to the reference probe connection.

5) Set the scanning parameters in the System setting window, such as the
scanning direction, range, frequency etc..

6) You are suggested to choose “Background rejection” and set magnified times
in the Signal parameter setting window to 100-200 times.

7) Add the research solution on the sample surface, and then begin scanning.

8) After the completion of experiment, withdraw the probe.
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9) Take off the probes and rinse the tip. Turn off the working software, controller

and host successively.
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