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NOTICE

e The information in this manual, which is based on specifications believed cor-

rect at the time of publication, is subject to change without notice due to im-
provements made in the instrument.

* In order to assist us in preparing future documentation, please advise your near-

est JEOL service office if you find any errorsin this manual.

Kindly note that while the instrument can be used in combination with various
attachments to serve a number of purposes, this special feature of the instrument
is only briefly described in this manual, which chiefly provides information on
basic operations.

* In no event will JEOL Ltd. be liable for direct, indirect, incidental or conse-

guential damages resulting from the use of software described in this manual.

e This instrument must not be modified, and products other than those manufac-

tured by JEOL Ltd. must not be attached to this instrument, without prior written
permission. If any such modification or attachment is made, al the stipulated
warranties and services contracted by JEOL Ltd. or its affiliated company will
be void.

» Replacement parts for maintenance of the instrument performance are available

for ten years from the date of installation.

e This manual is copyrighted. All rights are reserved. This document may not, in

whole or part, be copied, photocopied, reproduced, translated or reduced to any
electronic medium or machine readable form without prior consent, in writing,
from JEOL Ltd.

* When this manual or the software described in this manual is furnished under a

license agreement, it may only be used or copied in accordance with the terms of
such license agreement.

Copyright O 2000 JEOL Ltd.

MANUFACTURER

JEOL LTD.

1-2 Musashino 3-chome Akishima Tokyo 196-8558 Japan
Telephone: 81-42-542-2187
Facsimile: 81-42-546-5757

Note: For servicing or inquires, please contact your JEOL service office.
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SAFETY PRECAUTIONS

For the proper use of the instrument, be sure to read the following safety precautions pri-
or to starting operation or maintenance. The descriptions below contain important infor-
mation related to safety. Contact your loca service office whenever you are unclear
about an operation or maintenance. Please keep the operation manual on hand so that you
can consult it whenever necessary.

The safety definitions and their meanings used in our company’s operation manuals are
asfollows:

WARNING: A potentially hazardous situation which, if not avoided, will result
in death or seriousinjury.

CAUTION: A potentialy hazardous situation which, if not avoided, may result
in minor injury or material damages.

Do not touch the parts labeled with the following signs:

Examples:
Beware of Beware of high Beware of Don’t
electric shock temperature getting caught disassemble

We request that you use the instrument in a proper manner and in the scope of the pur-
poses and usage described in the brochures and operation manuals. Never make modifi-
cations such as removing protective parts, exchanging component parts and unlocking
safety measures.

WARNINGS

TMPM42-2

» Be sure to turn OFF the power to the SPM CONTROL unit before installing
or removing the scanner holder or head unit, because a high voltage is
applied to the connector pins from the SPM CONTROL unit while the
power is ON. Otherwise, there is a risk of electric shock.

* Never exchange a specimen while a high bias voltage is being applied to
the specimen. You might get an electric shock due to the high voltage ap-
plied to the specimen.

* When storing the instrument, avoid a high-humidity palace. There is a risk
of deterioration of insulation at the tunneling current detector unit and
scanner units, causing insufficient instrument- performance or electric
shock.

S-1
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» Be sure to turn OFF the power to the SPM CONTROL unit in advance when
mounting or dismounting the scanner, specimen holder or head unit.
There is a risk of electric shock due to the high voltage applied to the con-
nector pins from the SPM CONTROL unit.

» Exchange the optical microscope lamp more than 30 minutes after it is
turned off. Do not touch the lamp immediately after it is turned off. If you
do, you might get burnt.

* Be careful not to put your hand(s) under the surface plate. Your hand(s)
might be pinched.

CAUTIONS

TMPM42-2

* Never install this instrument in a place where a fluorescent lamp shines
directly on the AFM head. The fluorescent lamp blinks at 100 Hz (in the ar-
eas of power frequency 50 Hz) or 120Hz (in the areas of power frequency
60 Hz) and this noise may appear on the displayed image. Regarding the
installation and layout plan, please consult your local JEOL office.

» The bias voltage to be applied to a specimen is superposed on the “B+”
wire in the heating cable. Therefore, the heating power supply must be
electrically isolated from the ground (GND). If one of the heating cable
wires is grounded, the bias voltage circuit might be damaged.

* Handle the scanner holder very carefully. Since it is a precision mecha-
nism, it could easily be damaged by a strong shock.

» Be sure to insert the cantilever along the groove. Otherwise, the cantilever
may be damaged due to an excessive force being applied when the spring
retainer is released.

* Never touch the area around the cantilever on the cantilever holder with a
naked finger. If that part is contaminated with hand grease, that might give
rise to insufficient insulation, thus possibly causing tunneling current
leakage or incorrect operation of the piezoelectric element.

Push the spring retainer vertically. If you force it diagonally, the ceramic
might be damaged.

» The specimen stub is gold-plated. Be careful not to scratch the stub sur-
face.

Insert or remove the specimen stub horizontally with care. If an excessive
force is applied to the scanner holder, the scanner inside it might be dam-
aged.

Although the focus of the laser beam has been adjusted in the factory
before shipment, the beam may be out of focus for some reason. If so, re-
adjust the beam focus referring to Chapter 8 “MAINTENANCE.”

» The waveform will change from sine to triangular when the amplitude ex-
ceeds about 2 Vp-p. If you maintain this triangular waveform for a long
time, the cantilever might break.

S-2



SAFETY PRECAUTIONS

« When applying conductive paste to the cantilever and the cantilever
holder, be sure not to touch the conductive paste to the cantilever pie-
zoelectric element. When replacing a cantilever, be sure to confirm that no
previously used conductive paste remains on the holder. Otherwise, the
cantilever will tilt, causing the reflected laser beam not to irradiate the
right position.

* When you select and use a short cantilever out of two cantilevers, long
and short, be sure to remove the long one with a pair of tweezers. Other-
wise, the top of the long cantilever touches the specimen before the short
one does.

« If the Sample Bias is set by using the bar-chart during image observation,
be careful not to move the bar-chart button across 0 V. The tip would col-
lide with the specimen surface if the bias voltage became 0 (zero).

* When the tip is moved close to the specimen in the “Coarse Stage” win-
dow, the tip never stops even if a tunneling current or atomic force is actu-
ally detected.

* In order to prevent the tip from colliding with the specimen surface, the
speed of the tip movement must not be faster than 200 nm/s.

» Cantilevers must be stored in a desiccator when they are not in use. If
they are stored in a high-humidity place, the cantilevers could bend and ir-
regular reflection of the laser beam may occur. Especially, a gold-coated
Si;N, cantilever is prone to deteriorate with humidity.

* When handling the instrument, be sure to wear Nylon gloves. Hand grease
may cause deterioration of the vacuum. Also, there is a risk of deteriora-
tion of insulation at the tunneling current detector unit and scanner units,
causing insufficient instrument-performance or electric shock.

» Wait 10 seconds or more before restarting the system.

» The software must be terminated before the power is turned off. Never
turn off the power while the software is in operation.

TMPM42-2 S-3
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1. GENERAL
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INTRODUCTION

The Scanning Probe Microscopes (SPM), such as the Atomic Force Microscope (AFM)
and the Scanning Tunneling Microscope (STM), utilize as the observation means physi-
cal phenomena that occur between a specimen and a tip when they are brought very
close to each other but are not touching. It is possible, therefore, to observe the surface of
a specimen with atomic- or molecular-level resolution under nondestructive and non-
contact conditions. Moreover, they can be used under many different observation envi-
ronments, not only in a vacuum environment but also at atmospheric pressure, and in gas
and liquid environments.

The JSPM-4200 Scanning Probe Microscope is designed to handle applied observation
modes that increase year by year and to make the most of the intrinsic functions of a
scanning probe microscope. This instrument is easy to use and is superb in its expand-
ability, being able to be used by a number of people from beginners to professional re-
searchers of scanning probe microscopy.

The following are the main features of this instrument.

* |t is possible to observe specimens under various conditions, from in aliquid to under
high vacuum, by attaching optional accessories without making any modification of
the basic unit, not to mention under atmospheric pressure.

* Moreover, it is possible to observe a specimen that is being heated or cooled by at-
taching a simple optional accessory.

* Quite a variety of modes such as AFM (Contact and AC modes), phase image, FFM,
STM, CITS and I-V can be handled with the standard instrument configuration. In ad-
dition, the observation mode for Kelvin Force Microscope images or viscoelasticity
images can be handled by attaching an appropriate optional accessory.

» The control software is supported by Windows95™, and the control panel is atab type
control panel accommaodating only the minimum necessary functions, thus being easy
to use even to beginners.

* A personal login function with which one can set one's own environment has been
employed, thus greatly improving the operation of the instrument.

11
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2. SPECIFICATIONS
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2.1 MAIN SPECIFICATIONS

Resolution
AFM: Atomic resolution (an image of atomsin micain contact
mode)
STM: Atomic resolution (an image of atomsin HOPG)
System drift: 0.05 nm/s or less
M easurement modes
AFM: Contact mode
Topography image, force image, FFM, force curve,
friction force curve, 1-V, CITS, contact electric-
current image
AC mode
Topography image, phase image, MFM (cantilever to
be purchased separately)
Lateral modulation FFM (option)
Viscod asticity (option)
Surface potential (option)
Electrochemistry (option)
STM: STM mode
Topography image, el ectric-current image, CITS
Spectroscopy
-V, SV, I-S
XY scanning range: 0to 10 um (when the standard scanner is used)
Driving voltage: +150V
Resolution: 25 bit (offset included)
Z range: 0to 3 um (when the standard scanner is used)
Driving voltage: +150V
Resolution: 20 bit (offset included)
Specimen size: Standard: 10 mm x 10 mm x 3 mm (thickness)

Maximum: a 2-inch wafer

Specimen movement:
XY specimen movement: 3 mm
Z specimen movement: 5mm

2.1.1 SPM Base Unit

Coarse movement:  Z coarse-movement distance: Manually operated up to 5 mm
(motor approach included)
Approach function: Motor approach up to 1.5 mm
X,Y coarse movement function: Manually operated up to £3 mm

Stage: Drift-free stage

Ports: Gasintroduction and drainage x 1 each
Evacuation port (1ISO63) x 1
Utility x2

Cooling accessory (option) x 1

TMPM42-2 2-1
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Vibration isolation system:

2.1.2 SPM Head

Scanning method:
Scanner:

Detection method:

Laser beam source;

Cantilever holder:

Tip holder:

Air suspension: Gimbal piston type air compressor (built-in)
Gel damper: Built-in

Specimen scanning

Tube type scanner (replaceable)

XY =10 um, Z = 3 um (one standard scanner provided
as standard)

Light-lever method

Red-colored: Class 2 semiconductor laser Laser beam
detector: Four-segment photodiode

Common cantilever holder for contact mode and AC
mode

Cantilever mounting method: One-touch push-in method
Current detection terminal: Built-in

Mounting method: Slide-in method

Tip: 0.3 mm diameter

Tip mounting method: Push-in knock-on method
Mounting method: Slide-in method

2.1.3 SPM Control System

Scanning function:

AFM function:
Contact mode

AC mode

STM function

TMPM42-2

Scanning range: Continuously variable from 0 to maximum
scanning range (25 hit)
Scanning speed: 0.01 msto 10 ms/point
Bias voltage: Continuously variable from 0 to £10 V (16 hit)
Can be manually applied from 0 to £150 V
Scanning in aregion of 512 x 512, 256 x 256 and 128 x 128 pix-
elsand in Top Mirror
Line scanning in 512, 256 and 128 pixels
Max. 4ch simultaneous input and simultaneous display
Automatic tilt correction mechanism, automatic contrast and
brightness function, arbitrary position zoom function
Scanning rotation: 1° step
Lithography function

Constant Force mode, Constant Height mode, Force Curve setting:
10%to 10N

Detection method: Amplitude detection and FM detection
Excitation fregency: 3 to 500 kHz

Constant Current mode, Constant Height mode, |-V, CITS, SV, I-S
Current setting: 30 pA to 1 pA

2-2
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2.1.4 Computer Control System

Computer:

External storage:
External image output device:

2.1.5 SPM Software

File operations:

Image-processing functions:

Image-analysis functions:

Image-conversion functions:

CITS anaysisfunctions:
Display functions:

TMPM42-2

IBM-PC/AT compatible

High-resolution color display (1,280 x 1,024 pixels)
Magnetic optical disk (option)

S VHS image output/NTSC image input (option)

File writing: TIFF, Binary, ASCII

File reading

File searching

10 kinds of spatial filters: Low pass, median pass, high

pass, horizontal, vertical smoothing and user-defined

5 kinds of edge enhancement: Vertical, horizontal, lower

right, lower left, Laplace differential filter

2 kinds of normalized filters

2 kinds of median filters

Tilt correction: X, Y, selected region, whole region

Image processing: Inverse video, integration, division,

AND, OR, XOR, add, subtract

Height analysis

Line profile

Image enlargement

Image cutting

FFT function: Fourier transform, inverse Fourier
transform, windowing

Surface ruggedness measurement function: Entire area,
designated area

Particle analysis function: Binarizing function, particle
count, area-measurement function

I mage rotation, mirror-image function

I mage-size change function

Drift-correction function

Histogram function: Histogram display, leveling, real-

time contrast and brightness adjustment function

[-V curve taking-out function: Point, arbitrary area

Three-dimensional display function: Wire frame, beam

display, contour mapping display

Color display: Pseudo color and user defined

Fixed-height display function

2-3



2. SPECIFICATIONS

CONTENTS

2.2 DIMENSIONS AND WEIGHT

. Width Depth Weight
Height (mm
gnt (mm) (mm) (mm) (ko)
1,100
Main console 1,400 (when optical 710 710 250
microscope is mounted)
. 680
Control unit 1,400 (monitor included) 570 710 80
Air compressor 530 290¢ 17

2.3 INSTALLATION REQIREMENTS

Installation room
Room temperature:
Humidity:
Acoustic vibration:
Floor vibration:

Power supply
Capasity:

Fluctuation:
Grounding terminal:
Cable length:

200 +50
60% or less

50 dB or less (A mode)

5um (5 Hz) or less

Single-phase AC100V  50/60 Hz 1.5 kVA (one
receptacle with a grounding terminal)
When an optional evacuation system isinstalled,

1.5kVA x 2 (2 receptacles with grounding terminal s)

+10% or less
100Q orless

Main console: 2.5 m

Evacuation system: 2.5 m

JEOL office.

CAUTION

Never install this instrument in a place where a fluorescent lamp
shines directly on the AFM head. The fluorescent lamp blinks at 100 Hz
(in the areas of power frequency 50 Hz) or 120Hz (in the areas of power
frequency 60 Hz) and this noise may appear on the displayed image.
Regarding the installation and layout plan, please consult your local

B Installation room
Floor space:
Ceiling:
Entrance:

mm or more between the rear of the instrument and the wall of the room.

TMPM42-2

2,500 mm (W) x 3,000 (D) or larger

2,000 mm or higher

800 mm (W) x 1,800 mm (H) or larger
When the optional evacuation system isinstalled, it is necessary to have a space of 500

2-4



B Typical installation layout
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2. SPECIFICATIONS
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3. PRINCIPLE AND BLOCK DIAGRAM

CONTENTS

3.1 PRINCIPLE AND BLOCK DIAGRAM OF AFM
3.1.1 Principle and Block Diagram of Contact-Mode AFM

TMPM42-2

In the contact-mode AFM, when a tip mounted on the end of a cantilever is brought as
close as afew nm to a specimen, an atomic force is generated between an atom of the top
of the tip and an atom of the specimen. The detected atomic force isfed back so that the
atomic force between them is kept constant while the tip scans the specimen, thus ob-
serving the specimen surface. The contact-mode AFM can be applied to the observation

of not only conductive materials but also non-conductive insulating materials.

Photo
Detector

This is an enlarged
figure of the circled
part shown below.

Laser

Cantilever

Laser

Photo
Detector

T—C

Computer
A/D
Converter
i Topographic Image ?
Pre Amp P Error Amp P Fg?gcbjik
AB A
Reference
Cantilever
High Voltage
Amp Z <
High Voltage Scan
Amp X al Generator
High Voltage <
Amp Y

3-1



3. PRINCIPLE AND BLOCK DIAGRAM

3.1.2 Principle and Block Diagram of Friction-Force Microscope
(FFM)

Friction-Force Microscopy (FFM) is the measurement of a friction force occurring be-
tween a cantilever and a specimen from alateral deflection of the cantilever by scanning
the specimen in a direction lateral to the cantilever in the contact mode AFM. As a four-
segment photodetector is used, both topography and friction-force images can be ob-
tained simultaneoudly.

Cantilever

T—C

Computer

f

This is an enlarged
figure of the circled

part shown below. C-D (Ftiction Image) > A/D
Converter
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3. PRINCIPLE AND BLOCK DIAGRAM

3.1.3 Principle and Block Diagram of AC-Mode AFM

When a vibrating cantilever is brought close to a specimen, the amplitude of the atomic
force generated between the specimen and the cantilever changes. In the AC-mode AFM,
the specimen is scanned so that this amplitude is kept constant. If the specimen is scan-
ned with the cantilever amplitude reduced and the force applied to the cantilever in the
attractive-force region, it can be observed without making the cantilever contact it (non-
contact mode). Therefore, the AC AFM can be also used to observe soft specimens such

as living specimens.
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3.2 PRINCIPLE AND BLOCK DIAGRAM OF STM

TMPM42-2

When a metal tip approaches as close as 1 nm or closer to an electrically conductive spe-
cimen and a bias voltage (up to severa volts) is applied between the tip and the speci-
men, a tunneling current (from severa pA to severa nA) flows due to the tunnel effect.

The tunneling current is fed back so that it is kept constant while the tip scans the speci-
men surface; thus the specimen surface is observed from the tip movement in the Z-

direction.
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4. DESCRIPTIONS OF COMPONENTS
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The names and functions of each unit are given in this chapter.

4.1 OVERALL COMPOSITION

Thisinstrument is composed of amain console, a control unit and an air compressor.

Air compressor

T T 7

console

Control unit

TMPM42-2 4-1
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4.2 MAIN CONSOLE
4.2.1 SPM Unit

The SPM unit consists of avibration isolator, an SPM base unit and an SPM head.

Optical microscope
(option)

SPM head

AFM amplifier

SPM base unit

° Vibration isolator

TMPM42-2 4-2



4. DESCRIPTIONS OF COMPONENTS

B SPM base unit

The SPM base unit includes a specimen stage, a stage-approach unit and a stage-shift
unit.

Scanner holder

Head unit guide ralil
Connectors to
head unit

Head unit fixing
screw

Specimen stage

Photodiode Y-axis
position adjusting

Specimen stage
knob b g

coarse-shifting knobs

\

SPM base———p|

Manual-approach
thumbscrew

Cooling-system
(option) port

Utility ports

Gas-introduction
ports

Specimen stage
approach unit

® Specimen stage
The specimen stage is the part on which the scanner holder is mounted. A feature of the
specimen stage is that it employs a drift-free mechanism in which thermal expansion oc-
curs concentrically with the expansion center always kept at the specimen-observation
point.

TMPM42-2 4-3



® Specimen stage coarse-shifting knobs
The specimen stage can be moved, with these knobs, to any point in a circle with a radi-
us of 3 mm from the stage center. It is moved about 0.35 mm by one revolution of these
knobs. The relationship between the knob operation and the specimen movement is

4

. DESCRIPTIONS OF COMPONENTS

shown below.
Y-axis + = X-axis +
& )
>
08% 0280’
% ] (2
ON@ or© \
O30l —@r0 g
s
S Specimen
\f, stage
©
X-axis knob Y-axis knob

AN

® Manual approach thumbscrew
This screw is used to move the specimen stage up and down. The range of movement is
0to 5 mm with 0.4 mm per revolution of the screw.

(T2 —S711]

TMPM42-2

09 P00

Manual

a
T

approach
thumbscrew

Stage moves - —Pp- Stage moves

downward

upward
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4. DESCRIPTIONS OF COMPONENTS

® Specimen stage approach unit
This unit accommodates a motor that moves the specimen stage up and down. The motor
is controlled by the Controller. The range of the stage movement by motor driving is up
to 1.5 mm.

® Photodiode Y-axis position adjusting knob (only for AFM)
Thisknob is used for AFM observation to adjust the Y -axis position of the photodiode in
the SPM head. For the details, refer to Subsection 5.2.2 “ Adjustment of Photodiode Po-
sition.”

® Scanner holder
The scanner holder consists of a scanner (with a Piezoelectric scanning element) and a
specimen-stub holder.

CAUTION

Handle the scanner holder very carefully. Since it is a precise
mechanism, it could easily be damaged by a strong shock.

® Scanning direction
The scanning direction in relation to the specimen stage axes is shown in the figure
below (at scan angle 0°).

Stage Y-aiiij-/fBeginning point Stage X-axis+
of scanning
. v
i

Note: Regarding the
specimen stage, refer
to the specimen stage
coarse-shifting knobs.

® Head unit guide rails
Guiderails used to install the SPM head unit.

® Head unit fixing screw
Used to attach the SPM head unit to the SPM base unit.

® Connectors to head unit
Used to connect the signal cables of the SPM head unit.

® Gas-introduction ports

Gasinlet/outlet ports. Usually covered with caps. When introducing gas, change the caps
to the gas-introduction caps supplied.

TMPM42-2 4-5
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® Cooling-system port
When the optional Cooling System is used, the cooling tank is installed at this port. Usu-
ally covered with a cap.

® Utility ports
The JSPM-4200 is provided with two utility ports for the user’s optional use. Usually
covered with caps. Regarding the size and other details of the utility ports, refer to
Chapter 9 “APPENDIX.”

B SPM head unit
The SPM head unit is composed of alaser source, a detector and a pre-amplifier.

Viewing window

Laser source position
adjusting knobs

Focusing screw

—— Preamplifier

(built-in)
Connector to @
SPM base unit

Cantilever
Photodiode X-axis @ holder/tip holder
position adjusting .
knob Mirror
Detector
Mirror fixing
screw
Mirror angle
adjusting knob
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@ |aser source position adjusting knobs
The point of laser illumination on the cantilever is adjusted with these two knobs.

Y-axis+

X-axis adjusting
I ) /. knob

Ld

S Ol @R

— M ﬁ\ - » X-axis+
Y-axis adjusting -/ &J

©) ,

The illuminated point moves about 0.64 mm in both the X and Y directions per revolu-
tion of either knob. The focusing screw is used to focus the laser beam on the detector.
For laser beam focusing, refer to Chapter 8 “MAINTENANCE.”

® Detector
The detector contains a four-segment photodiode.

® Photodiode position adjusting knobs
Used to adjust the position of the photodiode in the detector. The photodiode position
moves 0.5 mm in the X direction and 0.25 mmin the Y direction per revolution of the
respective knob.

Y-axis+

X-axis+

X-axis position
adjusting knob

Y-axis position
adjusting knob

® Mirror
This mirror directs the laser beam, after it is reflected by the cantilever, to the photo-
diode.

TMPM42-2 4-7



4. DESCRIPTIONS OF COMPONENTS

® Mirror angle adjusting knob

Used for adjusting the mirror angle so that the laser beam irradiates the detector correctly.
L oosen the mirror fixing screw, then adjust the mirror angle by turning the mirror angle
adjusting knob. For the details, refer to Chapter 8 “MAINTENANCE.”

® Preamplifier

A preamplifier for photodiode detector output and a preamplifier for tunneling current

(for STM) are contained in the SPM head unit.

® Connectors to SPM base unit

Used to connect the SPM head unit to the SPM base unit.

® Cantilever holder

The holder on which the cantilever is mounted. The cantilever holder is inserted into the
SPM head unit.

® Tip holder

The holder on which the tip for STM observation is mounted. The tip holder is inserted
into the SPM head unit.

4.2.2 AFM Amplifier Unit

TMPM42-2

This amplifier unit is used for AFM observation. Described below are the names and
functions of the switches, knobs, termina and other parts on the front and rear panels of
the amplifier unit.

G|
o
dJEoL = v
AFM AL )GNMENT
i
FFM R/MS POLARITY PHASE 0SC AMP FMD HEAT
AFM FMO NORMAL
M N PHASE
A =TEDEE 6
== INVERSE
@ AFM AMP ‘_®
® +—®
/ __/
SPM base SPM CONTROL

A A

AF1 AF 9

T T

(a2 ] /[ veas Fuo

SRCRC)

SPM CONTROL <& a9 (§ ( 9’ T
L—(6)

° P Y oesee

\_/ ¢ ¢ \___/ g

SPM CONTROL  SPM base
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O LD-ON switch
Used to turn the semiconductor laser source in the SPM head ON and OFF. While
the switch is lit, the laser source is ON. To turn off the power of the SPM CON-
TROL unit, first turn off the LD-ON switch and then turn off the power of SPM
CONTROL unit.

O Indicator selection knob
Used to select the indication (SUM, AFM, FFM) of the photodiode output, the val-
ues (RMS, FMD) corresponding to the vibration amplitude and the frequency of the
cantilever during AFM observation in the AC mode, and the phase output value
(PHASE). A schematic diagram of the photodiode, mirror and cantilever is shown

below.
Laser
Mirror
% | & \ Cantilever
w /
Four-segment
photodiode
a,+a,=A b, +b,=B
a+b,=C a,+b,=D
SUM: A+B output

The summation of the output from all four detector el ementsis shown
on theindicator O when the knob isin this position.

AFM: (A-B)/(A+B) output
The difference between the laser beam intensity of the two upper de-
tector elements and that of the two lower detector elementsisindi-
cated. If the laser beam irradiates the center of the detector, the indi-
cation is zero. If the beam irradiation point shifts upward, the indica-
tion becomes negative, and if it shifts downward, the indication be-
comes positive.

FFM: (C-D)/(C+D) output
The difference between the beam intensity of the two right detector
elements and that of the two left detector elementsisindicated. If the
laser beam irradiates the center of the detector, the indication is zero.
If the beam irradiation point shifts to the right, the indication becomes
positive, and if it shiftsto the left, the indication becomes negative.

RMS: Thisvaueisthe RMS (root mean square) of (A-B)/(A+B) and corre-
sponds to the vibration amplitude at or near the characteristic fre-
guency of the cantilever during the AC mode AFM operation by the
Sope detection method. This value can be changed by setting gain
(x 1,x 2,x 5,x 10) with the software.
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Note: Asthe RMS vaueis an output value of the signal input to the
RMS-DC circuit, the higher the frequency becomes, the more
effect of the low pass filter inserted before the RMS-DC cir-
cuit the RMS value receives, thus attenuating the amplitude.
So, the RMS value sometimes becomes smaller than the (A-
B)/(A+B) value.
FMD: Fregquency of the cantilever vibration
The indicated value corresponds to the characteristic frequency of the
cantilever in the AC mode AFM operation by the FM detection
method. Since a PLL (phase-locked loop) is used for the frequency-
to-voltage conversion circuit, the indicated value corresponds to the
lock range frequency.
Note: Since the output of the PLL is largely dependent upon tem-
perature, the PLL is temperature-controlled. Therefore, the
PLL output greatly fluctuates for some time after the power is
turned on. In order to obtain stable data, at least 30 minutes of
warm-up timeis necessary after turning on the power.
PHASE: The indicated value corresponds to the displacement between the
phase of the excitation signal to the cantilever and the phase of the
(A-B) signal, in the AC mode AFM operation by the Slope detection
method.
O Indicator
Indicates the signal output selected with the indicator selection knob in 'V (volt).
0 POLARITY switch
Used to select the feedback phase from NORMAL (0°) and INVERSE (180°). In
the FM detection method, the phase is adjusted so that the positive feedback oscil-
lation becomes a maximum.
0 PHASE knob
Used to adjust the feedback phase. In the FM detection method, the phase is finely
adjusted, so that the positive feedback oscillation or the cantilever oscillation am-
plitude becomes a maximum, using this knob and the POLARITY switch.
0 OSC AMP knob
Used to adjust the actua cantilever oscillation amplitude for the FM detection
method. The amplitude of the voltage applied to the piezoelectric element for can-
tilever vibration is set by turning this knob and the cantilever vibration amplitude is
kept constant. Rotating the knob clockwise increases the vibration amplitude (up to
3.6V [H] or 0.5V [L*], square-wave).
O FDM knob
Used to set the lock range of the PLL to the cantilever oscillation frequency (char-
acteristic frequency) for the FM detection method. As the frequency can be adjusted
over arange of several tens of kilohertz, a range in which the cantilever character-
istic frequency is included must be preset with the software. Rotating the knob
clockwise increases the frequency.
0 AFM terminal
This is the feedback-signal output terminal for AFM. Usually, this terminal is con-
nected to the AFM terminal on the SPM CONTROL unit and outputs the signal cor-
responding to the observation mode selected with the software.

“ H or L selection switch for oscillation.
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There are two modes for AFM: the Contact mode and the Non-contact mode (Slope
detection, FM detection and FM/Slope detection).
Note: The JSPM-4200 mainly uses the Slope detection method as the AC mode.

0 A-B terminal
Thisisthe (A-B)/(A+B) signa output terminal. Usually, it is connected to the A-B 1
terminal on the SPM CONTROL unit. The oscillation waveform is checked with an
oscilloscope through the SPM CONTROL unit.

0 C-D terminal
Thisis the (C-D)/(C+D) signal output terminal. Usually, it is connected to the C-D
2 terminal on the SPM CONTROL unit.

0 CANTI terminal
Thisterminal is used to monitor the signal applied to the cantilever vibration piezo
element in the AC mode. The amplitude of the output voltage can be adjusted with
the SPM software in the Slope detection method, and with the OSC AMP knob in
other detection methods. Thisterminal is not used in the JSPM-4200.

0 HEAT terminal
Used when a specimen is heated on the specimen stage. Usually, it is connected to
an optional heating power supply using a specia heating cable.

CAUTION

The bias voltage to be applied to a specimen is superposed on the
“B+” wire in the heating cable. Therefore, the heating power supply
must be electrically isolated from the ground (GND). If one of the
heating cable wires is grounded, the bias voltage circuit might be
damaged.

O PHA
Thisistheterminal for phase image outpui.

0 EXT
Thisis the external oscillator input terminal. A 1.0 V sine wave isinput to this ter-
minal. The signa input to this terminal is adjusted to a suitable voltage using the
SPM software and is added to the cantilever vibration piezoelectric element. Set the
frequency with an external oscillator.

0 VCO
This terminal outputs the reference voltage (= 10 V sine wave) for the voltage ap-
plied to the cantilever vibrating piezoelectric element when the Slope detection
method is used in the AC mode AFM operation. Turning the VCO terminal ON and
OFF and changing its frequency are performed with the SPM software.
Note: In the OFF state, the VCO termind is disconnected, so the terminal is virtu-

ally short-circuited to GND (0 V) through the amplifier.

0 RMS
This terminal outputs the RMS value of the A-B signal when the Slope detection
method is used in the AC mode AFM operation.

0 FMD
This terminal outputs the signal corresponding to the cantilever characteristic fre-
quency when the FM detection method is used in the AC mode AFM operation.
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| CONTENTS

4.3 CONTROL UNIT

The control unit accommodates an SPM CONTROL unit that controls the main console,
a computer and a console display. Also, an optional accessory such as the Viscod adticity,
Lateral Modulation FFM, the Kelvin Force Microscope or the control unit of the Evacu-

TMPM42-2

ation System is contained in this control unit.

7

?

Console display

Keyboard

Mouse

Power switch

Computer
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4.3.1 SPM CONTROL

The names and functions of each knob, button and terminal on the front and rear panels
of the SPM CONTROL unit are shown below.

@———— o

POWER v/10
X710, AFM HIGH BIAS

B1AS Auxi
—t—F] Qi (o
LIN AUX3

@
®
SPM CONTROL
Front panel
(en) o
®
()
@®
@ @
Terminals for @® 1w S
ConneCting Optional @ ' osc :n le us CPD \0S0 \A-8 C-0, @ @ @
accessories , \@ ! ®
__/ _u_s_ :o: - :n; T a0z z10 c_ 2 ' PHA  AFM PR2 A
@ @ @ @
o— 2L @
7 ®
@ ®
@)

Rear panel

B Front panel

0 SELECT knob
Selects the signal to be output to the CH2 terminal on the rear panel. The CH2 ter-
minal is connected to an oscilloscope. When reading the tunneling current, usually
set this knob to LOG. When performing AFM (Contact, AC mode) operation, usu-
aly set it to AUX1.

LIN: In this mode, the detected tunneling current is output to CH2 as a
voltage signal in the ratio set in Preamp Gain. Set “Preamp Gain” on
the “SPM Parameters’— Feedback/Filters’—‘ Advanced” windows.
Usually, set “Pre-amp Gain” to “1 V/nA.” In this case, a voltage cor-
responding to the detected tunneling current at 1 V/nA is output to an
oscilloscope.
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LOG: The LIN mode signal is transformed to a logarithmic scale before
being output to CH2. In the LOG mode, the voltage output to the os-
cilloscopeis V o = —2log (10x V), where V|, is the output volt-
agein the LIN mode.

BIAS: The bias voltage applied to a specimen is output to CH2. The voltage
set on the “SPM Parameters’” window is output to the oscill oscope.

X/10: One tenth of the output voltage of the X-axis driving amplifier (the
voltage applied to the X-axis piezoelectric element) is output to CH2.

Y/10: One tenth of the output voltage of the Y-axis driving amplifier (the
voltage applied to the Y-axis piezoel ectric element) is output to CH2.

AFM: In this mode, afeedback signal is output to CH2 to perform AFM ob-

servation. Usualy, asignal from the AFM terminal on the AFM Amp
unit is output. The signa from the AF3 (AFM) terminal can be
switched over by changing the AFM measurement mode of the SPM
software.

AUX1: In this mode, the voltage output from the A-B terminal is output to
CH2. The signa output from the A-B terminal on the AFM AMP
unit , i.e. (A-B)/(A+B), is output in inverse polarity. This signal cor-
responds to the bending of the cantilever. In the SPM software it cor-
respondsto “AUX1.”

AUX2: In this mode, the voltage output from the C-D terminal is output to
CH2. The signa output from the C-D terminal on the AFM AMP unit,
that is, (C-D)/(C+D), is output in inverse polarity. This signal gives
the torsion of the cantilever, or the friction force generated between
the tip and the specimen. In the SPM software it corresponds to
“AUX2."

AUX3: In this mode, the voltage output from PHA is output to CH2. The
phase input from the PHA terminal on the AFM AMP unit is output
in inverse polarity.

0 HIGH BIAS knob
Controls the high voltage (-150 to +150 V) applied between the tip and the speci-
men. This knob is used to clean the tip in the STM mode operation. Turning the
knob clockwise increases the voltage. In the usua image-observation conditions the
knob should be set to 0 V (center). To use “High Bias,” select “High Bias’ on the
“Tip” window in the “SPM Parameters’ window.

0 POWER button
Is the power switch of the SPM CONTROL unit. When starting the system, if this
power switch is turned on before the computer power switch is turned on, no “Re-
set” operation isrequired.

0 POWER lamp
Lights when the POWER button is on and goes off when the POWER button is off.

B Rear panel

0 Z/10 terminal
Outputs one tenth of the output voltage of the Z-axis driving amplifier (applied to
the Z-axis PZT). Thisterminal is connected to the oscilloscope.
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0 CH2 terminal
Outputs the signal selected with the SELECT knob. This terminal is connected to
the oscilloscope.

0 AFM terminal
Outputs the feedback signal for AFM observation. Usually, the signal output from
the AFM terminal on the AFM AMP unit is input. The output signal of the AFM
terminal is switched over by changing the AFM measurement mode of the SPM
software.

0 C-D terminal
Inputs the signal output from the C-D terminal on the AFM AMP unit. This signal
corresponds to the twist of the cantilever, from which information on the friction
force occurring between the tip and the specimen can be obtained. By selecting
“AUX2" asthe signal source on the SPM software, you can display this signal as an
image.

0 A-B terminal
Inputs the signal output from the A-B terminal on the AFM AMP unit. This signal
corresponds to the twist of the cantilever and is used as the feedback signal for the
contact mode AFM operation. By selecting “AUX1” as the signal source on the
SPM software, you can display this signal as an image.

0 PHAterminal
Inputs the output signal from the PHA terminal on the AFM AMP unit.

0 ADB terminal
Isan input terminal used to add an external signal to a specimen bias signal. A volt-
age that is 15 times as large as this input signal voltage is applied to the piezoelec-
tric scanner. The maximum input voltage is £ 10 V. However, the maximum volt-
age that can be applied to the piezoelectric scanner is + 150 V in total. Select “Add
External Bias Signal” on the “ Scan” window of the “ SPM Parameters’ window.

0 ADX terminal
Is an input terminal used to add an external signal to an X-axis scanning signal. A
voltage that is 15 times as large as this input signal voltage is applied to the piezoe-
lectric scanner. The maximum input voltage is + 10 V. However, the maximum
voltage that can be applied to the piezoelectric scanner is = 150 V in total. Select
“Add External X Signal” on the “Scan” window of the “ SPM Parameters’ window.

0 ADY terminal
Is an input terminal used to add an external signal to a Y-axis scanning signal. A
voltage that is 15 times as large as this input signal voltage is applied to the piezoe-
lectric scanner. The maximum input voltage is + 10 V. However, the maximum
voltage that can be applied to the piezoelectric scanner is = 150 V in total. Select
“Add External Y Signal” onthe “ Scan” window of the “ SPM Parameters’ window.

0 ADZ terminal
Is an input terminal used to add an external signal to a Z-axis scanning signal. A
voltage that is 15 times as large as this input signal voltageis applied to the piezoe-
lectric scanner. The maximum input voltage is + 10 V. However, the maximum
voltage that can be applied to the piezoelectric scanner is = 150 V in total. Select
“Add External Z Signal” on the “ Scan” window of the “SPM Parameters’ window.

0 PR2 terminal
Outputs an offset voltage to apply an offset to the signal of the C-D terminal on the
AFM AMP unit.
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0 REF terminal
Must be connected to the ground terminal of the main console and the SPM CON-
TROL unit.

0 PZT terminal
Used to drive the PZT (piezoelectric) scanner in the main console.

B Terminals for connecting optional accessories

® Terminal for TM-26010 or TM-26020 Viscoelasticity, Lateral Modulation FFM
0 OSC
Connect OSC to the OSC OUT terminal on the Lock-in Amplifier.
O L1
Connect LI1 to the CH1 terminal of OUTPUT on the Lock-in Amplifier.
O LI2
Connect L12 to the CH2 terminal of OUTPUT on the L ock-in Amplifier.
O LIS
Connect LISto the A terminal on the Lock-in Amplifier.
® Terminal for TM-26030 Kelvin Force Microscope
0 CPD
Connect CPD to the CPD terminal on the SKPM CONTROL unit.
0 OSO
Connect OSO to the OSCO terminal on the SKPM CONTROL unit.

4.3.2 Computer System

A video printer, avideo recorder, a video converter, a video monitor and a MO disk are
optional attachments.

® Computer
An IBM-PC/AT compatible computer is used as the control computer for this system.

® Display
The control menu and a specimen-surface image are indicated on this display. Image
files stored in the computer memory and hard disk are also indicated on this display.
Various image-processing operations are directly carried out on this display using the
mouse.
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Oscilloscope (Option)
Below described are the names and functions of the switches, knobs and buttons on the
front panel of the oscilloscope.

Horizontal controls

¢ PeP9 ¢
® hh ©

—1®
6 ©lo
oodl OB ©
c @l @
[°99P®Prl0 == @
L O é)é)é)é@,p@@@@@@@@@ o
Instrument controls Vertical controls
B Instrument controls
0 POWER
Power ON/OFF switch.
O INTENSITY
A knab for the CRT brightness adjustment. Adjust the brightness to make the dis-
play easy to see using this knob.
0 FOCUS

A knab for the CRT focus adjustment. Adjust the focus in such a manner that the
trace in the CRT looks the sharpest.

0 SCALE ILLUM
A knob for the CRT illumination adjustment. Usually, this knob is not used. Leave
the knob turned counterclockwise to the limit.

0 TRACE ROTATION

This knob is used to correct the trace tilt occurring due to the geomagnetic effect.

B Vertical controls

TMPM42-2

O x Vertical position control
A knob for adjusting the vertical position of the trace.

O INPUT
A signal input terminal. Connect the Z/10 terminal on the SPM CONTROL unit
to CH1 and the CH2 termina on the SPM CONTROL unit to CH2, using the re-
spective BNC-BNC cables supplied.

O VOLTS/DIV
A switch for selecting signal input sensitivity for the CH1 and CH2 signals. Usually,
set it to “5V/div” (turn it counterclockwise to the limit).
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O AC, GND, DC switch
A switch for sdlecting input-signal coupling mode. Usually, sdect “GND” when
adjusting the luminescent line position and “DC” during scanning.

0 VARIABLE
A knob for varying the input signa sensitivity continuoudly. Pulling the knob in-
creases the sensitivity 5 times. Usually push it and turn it counter-clockwise to the
limit (CAL position).

O Display function selection switch
When the switch is set to CH1, only the signal input to the CH1 (Z/10) termina is
displayed. When it is set to CH2, only the signal input to the CH2 terminal (the sig-
nal selected with the SELECT knob on the SPM CONTROL unit) is displayed.
Usually set it to the “CHOP” position.

O INPUT
Sameas [ above.

O x Vertical position control
Sameas [ above.

0 AC, GND,DC
Sameas [0 above.

O VOLTS/DIV
Sameas [ above.

0 VARIABLE
Sameas [ above.

B Horizontal controls

0 < Horizontal position control
A knob for adjusting the horizontal position of the trace. Pulling the knob increases
the scanning rate 10 times. Usually, push the knob. Adjust the trace with the knob
pressed so that it does not cut on the CRT.

O TIME/DIV
A switch for selecting the scanning rate. Set it to such an position that the observa-
tion waveform can be easily seen. Usudly, “2 mg/div” is used.

0 NORM, AUTO
A switch for switching over the scanning rate. Usually, “AUTO” is used.

0 TRIGGER COUPLING
A switch for selecting the trigger signal coupling. Usually, “AC” is used.

0 TRIGGER SOURCE
A switch for selecting the trigger signal. Usually, “INT” is used.

0 INTERNAL TRIGGER SOURCE
A switch for selecting the trigger signal. The function of this switch isin effect only
when the TRIGGER SOURCE switch (O ) issetto “INT.”  Usualy, “VERT” (both
switches are pressed) is used.

0 VARIABLE
A knob for varying the scanning rate continuously. Usually, push the knob and turn
it clockwise to the limit (CAL position).

0 HOLD OFF
A knob for adjusting the holdoff time. Usually, turn it clockwise to the limit
(NORM position).

0 LEVEL
A knob for setting the trigger level. Usually, turn it counterclockwise to the limit
(FIX position).
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Video Converter (option)

An image displayed on the “Display Window” can be converted to an SVHS signal and
output. In addition, the NTSC image signal can be captured in the software. Refer to
Subsection 7.2.7b “Display Param.”

O

Video Converter (front panel)

©) @)
Y/C oUT RGB IN AC100V
@ o iy o O

Video Converter (rear panel)

0 Y/COUT
An image displayed on the “Display Window” is converted to the SVHS signal and
output. Connect it to the SVHS input terminal on the Video Recorder.

0 RGBIN
Connect it to the connector of the frame memory board, using the attached cable.
For the cable connection, refer to Chapter 10 “APPENDIX.”
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5.1 PREPARATION FOR AFM OBSERVATION

5.1.1 Outline

This subsection outlines the preparation for AFM observation from scanner setting to
specimen inserting.

1. Attach an appropriate scanner holder to the SPM base according to the scan-
ning area to be observed.
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3. Insert the cantilever holder or the tip holder.

4.
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5.1.2 Mounting the Specimen Holder

The mounting of the specimen holder on the scanner holder is described in this sub-
section.

Locking screw

Scanner
holder

Note: When mounting the specimen holder on the scanner holder, be careful to tighten
the two fixing screws evenly.

CAUTION

Handle the scanner holder very carefully. Since it is a precision
mechanism, it could easily be damaged by a strong shock.

TMPM42-2 5-3



5. PREPARATION FOR OBSERVATION

5.1.3 Mounting the Scanner Holder
1. Turn OFF the SPM CONTROL unit.

WARNING

Be sure to turn OFF the power to the SPM CONTROL unit before
installing or removing the scanner holder or head unit, because a
high voltage is applied to the connector pins from the SPM
CONTROL unit while the power is ON. Otherwise, there is a risk of
electric shock.

2. Select the scanner holder having the most suitable scanning range according
to the specimen to be observed (if you have optional scanner holders). Insert
it into the specimen stage along the keyway. Then, lock it with the two screws.

Keyway ——— N

Locking screw

Scanner
holder

Specimen
stage

—————

Note: When you replace the scanner holder with an optional one, you have to designate
the new one with the software. For the designating procedure, refer to Chapter 6
“OPERATION.”
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5.1.4 Mounting the SPM Head Unit

1. Loosen the head unit locking screw.

2. Insert the SPM head unit in parallel with the head unit guide rails on the SPM
base unit until it touches the stop. Then, lock it with the head unit locking
screw.

3. Insert the two connectors to the SPM base unit provided on the SPM head
unit into the receptacle connectors on the SPM base unit, along the key way,
until you hear a click.

Head unit fixing

Tighten
screw

Stop

Head unit SPM head unit

guide rail

SPM base unit

5.1.5 Mounting the Cantilever

Described in this subsection is the procedure for mounting the cantilever on the cantile-
ver holder in order to perform AFM observation. When performing STM observation,
refer to 5.1.6 “Mounting the Tip.”

1. Cut out a cantilever element from a strap.
Note: For more details about handling the cantilever, refer to the instruction manu-
al provided with the cantilever.
2. Insert the cantilever element into the cantilever groove while pushing up the
spring retainer (for example, by pushing the cantilever holder body onto a
desk).

Cantilever holder

Cantilever

Spring retainer
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CAUTION

1. Be sure to insert the cantilever along the groove. Otherwise, the
cantilever may be damaged due to an excessive force being applied
when the spring retainer is released.

2. Never touch the area around the cantilever on the cantilever holder
with a naked finger. If that part is contaminated with hand grease,
that might give rise to insufficient insulation, thus possibly causing
tunneling current leakage or incorrect operation of the piezoelectric
element.

3. Push the spring retainer vertically. If you force it diagonally, the
ceramic might be damaged.

3. Release the spring retainer slowly to lock the cantilever in place.

5.1.6 Mounting the Tip

Described in this sub-section is the procedure for mounting the tip on the tip holder in
order to perform STM observation.

To mount the tip on the tip holder, insert the tip into the plunger while pushing the
plunger as shown in the figure below to align the external and interna tip-mounting
holes. Make sure that the length of the tip is 2 mm from the top of the tip to the surface
of the tip mounting base.
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Tip > - \
Tweezers
/

4

Tip mounting

base v

Push

Plunger

5.1.7 Inserting the Cantilever Holder or the Tip Holder into the
SPM Head Unit

1. In order to prevent the cantilever or the tip from colliding with the scanner
holder, confirm that the specimen stage is lowered to a low enough position. If
it is not, move the specimen stage downward by turning the manual approach
thumbscrew.

Manual approach
thumbscrew

Stage moves
upward

Stage moves
downward

2. Insert the cantilever holder or the tip holder into the groove until it touches the
innermost wall.
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5.1.8 Inserting a Specimen

1. Attach a specimen to the specimen stub with an appropriate material such as
double-faced adhesive tape or conductive paint.

CAUTION
The specimen stub is gold-plated. Be careful not to scratch the stub
surface.
° Specimen
l Attach
Specimen
9 stub

2. In order to prevent the specimen or specimen stub from colliding with the can-
tilever or the tip, confirm that the specimen stage is set at a low enough posi-
tion. If it is not, move the specimen stage downward by turning the manual
approach screw as shown in 5.1.7.

3. Insert the specimen exchange rod into the specimen stub and slide the spe-
cimen stub into the groove of the scanner holder until it clicks.

CAUTION

Insert or remove the specimen stub horizontally with care. If an
excessive force is applied to the scanner holder, the scanner inside it

might be damaged.

Scanner holder

Specimen stub

Specimen
exchange rod
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5.1.9 Specimen Exchange

When you replace the specimen just observed with a new specimen, you do not have to
turn off the SPM CONTROL unit.

WARNING

Never exchange a specimen while a high bias voltage is being
applied to the specimen. You might get an electric shock due to the
high voltage applied to the specimen.

1. Click on “SPM Scan” on the main menu of the SPM software and select “Scan
...” from the pull-down menu. Then, select the “Advanced” tab. The “SPM Pa-
rameters” window will be displayed.

2. Select the “Tip” button and the “Tip” window will be displayed. Confirm that the
“High Bias” check box O located at the bottom left of the “Tip” window has
not been checked. If the check box has been checked (“[¥), click on it to re-
move the check mark from the check box (O ).
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5.2 PRE-ADJUSTMENT STEPS FOR AFM OBSERVATION
Described in this section are the procedures for adjusting the laser beam and the photo-
diodein the AFM head and for the rough approaching of a specimen.

5.2.1 Adjusting the Laser Beam Position
Turn on the SPM CONTROL unit according to the procedure of Section 6.2 “SY STEM
STARTUP”

1. Turn on the “LD-ON”" switch on the AFM amplifier unit.
The switch lamp lights and the laser beam will be emitted.

2. Adjust the laser beam illumination position using the laser beam illumination
of the cantilever.

position adjustment knobs so that the laser beam correctly illuminates the top
a. Adjustment procedure 1

O Adjust the laser beam using the knobs so that the laser beam spot illumi-
nates the edge of the cantilever base.

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
(o]

e—<— Cantilever

base

AN

Cantilever -

O Shift the laser beam spot so that it illuminates the edge of the cantilever
base corresponding to the center of the cantilever, as shown below.

TMPM42-2
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5. PREPARATION FOR OBSERVATION

O Shift the laser beam spot so that it iluminates the top of the cantilever, as
shown below.

b. Adjustment procedure 2
O At this stage of adjustment, observe the laser beam spot on the specimen
surface.

Specimen J
\\@;—jémser beam spot

O Carry out fine adjustment of the laser beam spot position so that the laser
beam spot on the specimen becomes as dark as possible.
The range of the laser beam position adjustment is wide enough to cope with al-
most al cantilevers. If the laser beam position fails to shift even though the laser
beam illumination adjustment knobs are turned, the laser beam position may
have shifted out of the beam position adjustment range. In such a case, check the
following points.

* |sthe cantilever holder inserted properly (doesit touch the innermost wall) ?
Especialy in the case of the cantilever holder for the non-contact mode, its
insertion becomes difficult when the holder gets near the innermost wall due
to the electrode on the holder. Be sure that the holder touches the innermost
wall.

* Isthe cantilever set at a proper angle on the cantilever holder ?
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CAUTION

Although the focus of the laser beam has been adjusted in the factory
before shipment, the beam may be out of focus for some reason. If so,
readjust the beam focus referring to Chapter 8 “MAINTENANCE.”

5.2.2 Adjusting the Photodiode Position

1. Set the indicator selection switch on the AFM amplifier unit to “SUM.”
2. Turn the Y-axis adjusting knob so that the indicated “SUM” value becomes as
negative as possible.

X-axis adjusting
knob

Y-axis adjusting
knob

3. Turn the X-axis adjusting knob so that the indicated “SUM” value becomes as
negative as possible.

4. Set the indicator selection switch on the AFM amplifier unit to “AFM.” Turn the
Y-axis adjusting knob so that the indicated “AFM” value becomes % 0 V.

5. Set the indicator selection switch on the AFM amplifier unit to “FFM.” Turn the
X-axis adjusting knob so that the indicated “FFM” value becomes + 0 V.

6. Repeat steps 4 and 5 above until both the “AFM” and “FFM” indications be-
come = 0 V.

Now, the laser beam illuminates the center of the photodiode.

Note: When the Si;N, cantilever is used in this state, the value of “SUM” is about —8.0
V to —-10.0 V. When the S cantilever for the AC mode is used, the value of
“SUM” is about —5.0 V. If the “SUM” value less than —8.0 V, the laser beam posi-
tion on the cantilever may have shifted from the correct position. Readjust the
laser beam position according to Subsection 5.2.1 “Adjusting the Laser Beam Po-
sition.”
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7. To perform approaching in the contact mode, set the indicator selection switch
on the AFM amplifier unit to “AFM.” Turn the Y-axis adjusting knob so that the
indicated “AFM” value becomes about —2.0 V. To perform approaching in the
AC mode, turn the Y-axis adjusting knob so that the indicated “AFM” value
becomes 0O (zero).

« Photodiode adjustment procedure

Photodiode

a. To roughly adjust the photodiode position, watch the laser beam spot on the
photodiode from the right-hand side of the AFM head unit.

b. Adjust the photodiode position using the X- and Y-axis adjusting knobs so
that the center (am) of the photodiode is positioned at the center of the laser
beam.

Once this rough adjustment of the photodiode position has been made, you can adjust the
photodiode position using the “Adjust PD” function in the software. Refer to Chapter 6
“OPERATION.” If the photodiode position cannot be adjusted despite steps 1 to 6 above,
check the following points.
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® The FFM value cannot be adjusted to 0 (zero).
Such a case probably occurs when the cantilever is not set correctly on the cantilever
holder. Check the following four points.

« Isthe cantilever set straight on the cantilever holder ?

X X O

« Isthe cantilever inclined in the cantilever groove ?
Such a case occurs mainly when burrs or broken pieces produced when the canti-
lever is cut out are inserted between the cantilever and the cantilever holder.

Cantilever Cantilever
; ; holding bar
Cantilever holder _|_. | |:‘> | IT.I:E‘ |

4

Piece of broken /
cantilever
X

O

* |sthe cantilever holder inserted properly (doesit touch the innermost wall) ?
Especially in the case of the cantilever holder for the non-contact mode, its inser-
tion becomes difficult when the holder gets near the innermost wall due to the
electrode on the holder. Be sure that the holder touches the wall.

* |s“Externa” zero ?

Confirm that the “Externa” value of “Feedback/Filters Advanced” in the “Ad-
vanced” tab on the “SPM Parameters” window is0.0 V.

® The AFM value cannot be adjusted to zero, or the laser beam reflected by the
cantilever does not illuminate the mirror.
Check the following two points.

* |s the cantilever inserted properly into the cantilever groove until it touches the
innermost wall of the holder ? Or, is there a piece of broken cantilever or some-
thing between the cantilever and the holder ?

=
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« Is the cantilever holder inserted properly? Or, is there a piece of broken canti-
lever or something in the groove ?

Cantilever

Cantilever
holding bar

Cantilever holder |::>

Piece of broken
cantilever

X ©)

If the AFM value ill can not be adjusted to zero after the above checks, try to ad-
just the mirror position according to Chapter 8 “MAINTENANCE.” If you cannot
adjust it correctly, the cantilever itself may be bent or broken. Check the cantilever
storage condition according to Chapter 8 “MAINTENANCE.” If al these attempts
are unsuccessful, replace the cantilever.

5.2.3 Rough Approaching

1. Using the “Coarse Stage” function of the SPM software, confirm that the stage
is positioned within the range for approaching. For the confirmation procedure,
refer to Chapter 6 “OPERATION.”

2. Watching the distance between the cantilever and the specimen using the op-
tional optical microscope, turn the manual approach thumbscrew so that this
distance becomes about 0.3 mm or less. For the procedure for operating the
optional optical microscope, refer to Chapter 9 “APPENDIX.”

This completes the preparation for AFM observation.
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6.1 FUNDAMENTAL KNOWLEDGE FOR SOFTWARE
OPERATION

This system operates under the Windows95™ operation system. Described in this section
is the fundamental knowledge of the terms and operations required for using the soft-
ware.

TMPM42-2

Main menu
The main menu is displayed on the top line of awindow. The displayed menu automati-
cally changes according to the image or graph currently displayed on the “Display Win-
dow.” For example, the image-processing menu appears if an image is displayed in the
window, or the graph-processing menu appears if agraph is displayed in the window.

Pull-down menu
When the“ | »|” mark is selected in the main menu or in awindow, arelated lower-level
menu is displayed just below the selected mark. To select one of the pull-down menu
items, point the cursor to the menu item; then the menu item is highlighted. You can
click the left mouse-button on it to select the highlighted menu item.

Click
Move the cursor on the screen to the position of the item to be selected by moving the
mouse; then press the left mouse-button once.

Double-click
Move the cursor on the screen to the position of the item to be selected by moving the
mouse; then press the left mouse-button twice quickly.

Input window
Thisis awindow in which a character string or numerical value can be entered from the
keyboard. Place the cursor in the window and double-click the mouse; then the character
string or numerical value aready in the window is highlighted. You can enter a new
character string or numerical value directly from the keyboard. The new character string
or numerical value has been entered, but has not been finalized yet. To finalize it, press
the TAB key or click on any other item in the window.

Check-box
A check box is a box displayed at an item to be selected. If acheck mark “[' is display-
ed in the box (“[), this item is selected. If nothing is displayed in the box (‘O "), this
item is not selected. Clicking on a box makes the item selected, and clicking on a “[¥
mark deselects the item.

Radio button
A radio button is used to select one item from among two or more items. A radio button
“0" mark, is displayed at every item that can be selected. If a small is displayed in the
radio button (*/'), thisitem is selected. If nothing is displayed in theradio button ¢ 0" ),
this item is not selected. Clicking on aradio button selects the item. To deselect the se-
lected item, click on one of the other radio buttons or click on the radio button to be se-
lected (then, the already-selected radio button is automatically deselected).
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® Gray display

If check boxes, radio buttons or input boxes are displayed in gray, that shows that these
cannot be selected.

® Bar chart

TMPM42-2

A numerical value on the bar-chart can be changed using either the keyboard or the
mouse.

Place the cursor here in the slider and
move it while holding down the left
mouse-button (drag); then the mark can
be moved to any point on the bar chart.

Clicking on these areas moves the

A J J'. J'. slider on the bar chart a lot.
Click the mouse on the window \ o
and enter a numerical value Clicking on these areas moves the

using the keyboard. slider on the bar chart little by little.

To determine the numerical .
value, press the TAB key. Input window
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6.2 SYSTEM STARTUP

6.2.1 System Startup

1. Confirm that a specimen and a cantilever and tip are properly mounted and
are at an appropriate position for approaching.

2. Turn on the POWER switch on the SPM CONTROL unit; then set the comput-
er switch to the ON position. Confirm that the computer and the CRT display
are turned on.

Notes: 1. Switch ON the computer manually because the computer cannot be
switched ON by turning on the POWER switch of the SPM CONTROL
unit.

2. With this operation, the computer automatically starts and the SPM
CONTROL unit isreset.

3. If optiona attachments are installed, confirm that these attacments are
also switched on.

3. The SPM software automatically starts, and the computer screen asks you for
your User name and Password.

WINZPM Login

User name; IUSEF1

Password || oK I
Delete Login | Cancel |

When you use the system for the first time after it is installed, simply click on
“OK.” The software operates with the conditions set before shipment from the fac-
tory. If you want to make a persona file, create it referring to Subsection 6.2.2
“Personal File Creation.” If the software starts with a user name other than “User1,”
the user name is the one that was most recently used. If you want to start the soft-
ware with the default conditions, double-click on “User name”; then enter “Userl”
using the keyboard and click on “OK.” Thus, you can start the software without
entering the password.
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4. Enter the user name and password; then click on “OK.”
The computer screen displays the window below.

& [ Y G P

6.2.2 Personal File Creation

Scanning parameters and window positions can be stored in a personal file for later use.
Thisfunction is useful when the system is used by two or more operators. The following
is the procedure for registering a persond file.

1. Turn ON the system according to Sub-section 6.2.1 “System Startup.”
The SPM software automatically starts up and asks you the user name and pass-
word.

2. Double-click on “User name” and enter a new name using the keyboard.
Note: Only aphanumerical characters are acceptable for “User name.”

3. Double-click on “Password” and enter a password using the keyboard.
Note: Only alphanumerical characters are acceptable for “ Password.” Asterisks (*)

will be displayed in the window instead of the entered password.
4. After entering the new user name and password, click on “OK”; then the fol-
lowing message will appear in the window:

*user name not recognized
Add as new user ?

Click on “OK”; then the system will return to the User name and Password window
again; then click on“OK.”

Now, the software is started with the new settings. When a new user name is entered, the
initial settings return to the condition set before shipment from the factory.
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There are two kinds of control panel, one for Tiny Mode and the other for Advanced
mode. To display the control panel on the screen, click on “SPM Scan” on the main
menu and select “Scan...” from the displayed pull-down menu; then the following con-

trol panel will be displayed.

SPM Parameters

AC Mode |Cuntact Mudel STM | Advancedl Opti:msl

Acouisition |2 Inputs 'I

Scan Size 83256.600 nm ¥
Clock/ms  [00667 ms 'lﬂ Rotation | Off3et | Zoom |

Sar

iz |a)

FEfarEngs = Retract Off
j | 'l Filters/Hz |1 o] = j
-10.00 Io_ooo 000 Gan Low C ¢ & C High (eSS
Source = s
Z Cln Move
1 [Topography = © Out A prreEct) O
2 |Topography |7
Start
Gain
Topography  x16 [ In 1 Qut
Othel g 18.62 um Exit I

There are tabs on the top of this control panel. When you click on one of the tabs, the
control panel for its mode is displayed.

 Tiny mode

Tiny

Mode

AC Mode
Contact Mode
STM Mode

Options

Advanced Mode

Advanced

Necessary parameters are automatically set according to the measurement mode,
thus allowing the operator to perform image observation easily.

« Advanced mode

The operator must set every parameter manually. Setting the parametersin full de-
tail is possible for image observation at an advanced level.

TMPM42-2
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6.3 PREPARATION FOR APPROACHING

The meaning of “approach” isto make the distance between a specimen and a cantilever
(or tip) so close that an atomic force exists (or tunneling current flows) between them. In
the approaching function, the cantilever (tip) is moved toward the specimen by a motor
and stops automatically when an atomic force (or tunneling current) is detected. Confirm
the following points before starting approaching.

6.3.1 SPM CONTROL Unit Resetting

The SPM CONTROL unit isinitialized by asignal from the computer when the software
is started. As explained in Subsection 6.2.1 “ System Startup,” the SPM CONTROL unit
must be turned ON before the software is started. However, if the SPM CONTROL unit
is turned ON after the software is started up or if the SPM CONTROL unit is turned
OFF and then ON for some reason such as replacing the scanner, the unit must be reset
using the software. The procedure for resetting the SPM CONTROL unit is as follows.

1. Click on “SPM Scan” in the main menu and select “Reset SPM” from the dis-
played pull-down menu.

2. The “Reset SPM?” window will be displayed. After confirming that the SPM
CONTROL unit has been turned ON, click on “OK” on the window.

6.3.2 Checking Stage Position

TMPM42-2

In this system, approaching is performed automatically using a motor. The Z stage
moving range for motor approach is about 1.5 mm maximum, so the stage must be posi-
tioned within this range for approaching. Check whether or not the stage is positioned
within the for approach range. The following is the procedure for checking this.

1. Click on “SPM Scan” in the main menu and select “Scan...” from the pull-
down menu.
The“SPM Parameters’ window will be displayed.

2. Click on the “Advanced” tab indicated on the top of the “SPM Parameters”
window.
The control panel of the “ Advanced” maode will be displayed.

3. Select the “Stage” button at the lower part of the window.
The “Stage” window will appear. Note the location of the triangle (“00 ") show-
ing the Z position in the “Position” frame. If it is positioned at 1/4 or more of the
range from the “In” side, approaching may be possible.

Approaching possible

-l oy
- -

ZInI | | Out

If the triangl€’'s position is closer to the “In” side, move the stage to the “Out” side
according to the following procedure.
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4. Select “Out” in the “Direction” frame and “4-Fast” in the “Speed” frame.
When selecting them, click on the radio button (*0 ") in front of these items; then
the button changes to /. 1n the JSPM-4200, the only usable “ Speed” is “4-Fagt.”
5. Click on the “Start” button.
6. When the triangle has reached the “approach range,” click on the “Stop” but-
ton.

Software Oscilloscope Setting

The software provides the functions of an oscilloscope. Click on the “&” mark in the
“Oscilloscope” and “Oscilloscope...” buttons. The “Oscilloscope” and “Oscilloscope
Control” window will appear. The state of approaching can be monitored on the “ Oscil-
loscope” window. To check whether or not approaching has finished, perform the fol-
lowing operations.

1. Click on the “&” mark in the “Oscilloscope...” button. The “Oscilloscope Con-
trol” window will open.

) S|
—Channe| & —Channezl B
Source Im Source Im
Coupling  © AC % DG Coupling © AC ¥ DG
Sensitivity 500 w] nm Sensitivity m y
Offset ;I 10.0 Offset ;I 10.0
s s
LI -10.0 LI -100
Eontinie | Refrash: Im p i

2. Click on the “|x|” mark in the “Timebase” selection box; then select “10 ms”
from the pull-down menu.
3. Click on the “|=|” mark in the “Refresh” selection box; then select “200 ms”

from the pull-down menu.

B Channel A Setting

TMPM42-2

Input signals from two channels can be displayed at a time. Channel A is displayed in
red and Channel B in blue. Usually, Channel A is set to “Topography” (Z-direction
movement of the scanner). The setting of Channel B varies according to the scanning
mode such as the Contact mode, the AC mode and STM (refer to each section). The fol-
lowing isthe procedure for setting Channel A.

1. Click on the “|=x|” mark in the “Source” selection box; then select “Topogra-
phy” from the pull-down menu.

2. Select “DC” for “Coupling” by clicking on the “DC” radio button; then the button
changes to 7.”

3. Click on the “|=|” mark in the “Sensitivity” selection box and select a sensitiv-
ity from the pull-down menu.
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The sensitivity value indicated in the pull-down menu automatically changes ac-
cording to the Z sensitivity of the currently selected scanner. In this system, the pie-
zoelectric control voltage for the Z direction is = 150 V, and the shift amount in the
Z direction of the standard scanner is 3y m at = 150 V. So, the calibration value
(sengitivity) in the Z direction of the standard scanner is about 10 nm/V. Confirm
the calibration value on the “SPM Calibration” window. Set the sensitivity so that
the swing in the positive direction of the oscilloscope becomes 2/3 of the full scale
when +150 V is applied to the scanner.
[Exampl€]
When the calibration value Z is 10.0 nm/V, select “500 nm” for “Sensitivity.”
Then, the swing becomes 3/4 of the full scale when +150 V is applied to the
scanner.
4. Double-click on the “Offset” input box and enter 0 using the keyboard.
Shown below is asummary of the conditions for setting the software oscilloscope.

Channel A Channel B
Source: Topography Source: Depends on scanning mode
Coupling: DC Coupling: DC
Sensitivity: Depends on scanner  Sensitivity:  Depends on scanning mode
Offset: 0 Offset: 0

Timebase: 10 ms Grid X,Y On

Refresh: 200 ms

5. After completing the setting, click on “File” in the main menu and select “Store
Configuration” from the pull-down menu. The set conditions are stored.
Note: If the “Store Configuration” operation is omitted, the setting returns to the
initial conditions at the next startup time.
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6.3.4 Setup of Optional Oscilloscope

An optiona oscilloscope can be installed in this system. By using an oscilloscope, phe-
nomena faster than the software oscilloscope can be observed, and real-time waveform
measurement can be performed during image observation. In addition, it can be used for
checking scanning waveforms, bias voltages and so on. The following is the procedure
for setting the oscilloscope.

B Correction of tilt due to geomagnetism effect

1. Turn ON the oscilloscope power.

2. Adjust the “INTENSITY” and “FOCUS” knobs so that the trace can be better
seen.

3. Set the “MODE” switch to “CH1” and the “AC, GND, DC” switch to “GND.”

4. Adjust “TRACE ROTATION” with a screwdriver so that the trace becomes
horizontal to the scale axis on the CRT.

B Input adjustment
Set the oscilloscope according to the following procedure.

1. Set the “MODE” switch to “CH1” and the “AC, GND, DC” switch of CH1 to
“GND.”

2. Adjust the vertical position control knob (x) of CH1 so that the trace is posi-
tioned at the center of the CRT.

3. Set the “MODE” switch to “CH2” and the “AC, GND, DC” switch of CH2 to
“GND.”

4. Adjust the vertical position control knob (X) of CH2 so that the trace is posi-
tioned at the center of the CRT.

® Other settings

CH1, CH2
VOLTS/DIV: 5V/div VARIABLE: Pushin, CAL
AC, GND, DC: DC
Mode: CHOP
TIME/DIV: 2 mgdiv NORM, AUTO: AUTO
Trigger coupling:  AC Trigger source: INT
VARIABLE: CAL Internal trigger source:  VERT
HOLD OFF: NORM LEVEL: FIX

The signa input to CH2 is designated by the CH2 signal selection knob on the SPM
CONTROL unit. The setting of CH2 varies according to the scanning mode such as the
Contact mode, the AC mode, STM. Refer to the description of each scanning mode.
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6.4 OBSERVATION (TINY MODE) USING AC MODE
CONTROL PANEL

In the AC mode AFM, a cantilever is vibrated in the vicinity of its characteristic fre-
guency, and the Z scanner is controlled so that the amplitude and phase of the cantilever
remain constant during scanning. Using the AC mode, AFM observation in the attraction
range and attraction-repulsion critical range becomes possible. Described in this Section
is the procedure for AFM observation by use of the AC mode control panel.

SPM Parameters

AC Mode |Oontact Mode | 8TM | Advanced| Options|

Acouisition |2 Inputs - Scan Size |83256.600 nm 7| ekl
Clack/ms I0.0GG? ms 'lj Rotation | OffSet | Zoom |
(et

Retract Off

Reference .
| 'l Filter/Hz |1 00 'Ij

I
1000 [0000 0.00 Gan Low © © & ¢ High st PO
AutoTune |
VCO |
Source
Z n hiove
1 ITopography 'l O Out — o e = ] Ol:{
2 ITUngraphy 'l
Start
Gain
Topography  x16 [ In s I Out
Othel x16 B2 wm ’TI

AC Mode control panel
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The following is the flow chart of the operation in the AC mode:

Check before approaching

Adjusting photodiode
position

Setting scanning
parameters

Adjusting cantilever
resonance point

Approaching

Image observation
Setting lifting height
Setting cantilever
excitation voltage
applied at the time of

lifting
v

Finishing observation

Grabbing image

Y

Storing image

6.4.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-
cording to the procedure described in Section 6.3.

* Isacantilever for AC mode AFM properly mounted on the cantilever holder ?

 Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is within 0.3 mm or less ?

* Isthe Z stage position in the approaching-possible range ?

* Is the “SUM” vaue of the AFM amplifier unit as negative as possible (-5.0 V or
more) ?

Note: After checking these points, set the indicator selection knob on the AFM amplifier
unitto “RMS.”
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6.4.2 Adjusting Photodiode Position

Click on the “Adjust PD” button on the right-hand side of the control panel. The fol-
lowing display will appear on “Display Window.”

Adjust the X-axis and Y -axis adjusting knobs so that the red spot goes into the blue re-
gion.

Y-axis +

X-axis +

X-axis adjusting
knob

Y-axis adjusting
knob
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6.4.3 Setting Scanning Parameters

Before carrying out approaching, set the scanning parameters such as the scanning range.
These parameter values vary according to the kinds of specimens and the purpose of ob-
servation, but generally, set the parameters as follows.

® Acquisition
@ Click on the “| =|” mark in the “Acquisition” selection box and select “Imaging.”
Then, the SPM CONTROL unit enters the image observation mode.

Acguisition IImaging j

Clack/ms  [01000 ms jél

® Clock/ms
@ Click on the “| > " mark in the “Clock/ms” selection box and select “0.100 ms.”
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the

specimen.

® Scan size
@ Click on “Scan Size”. When the numerical value is highlighted, enter 1 um us-
ing the keyboard and finalize the numerical value by pressing the TAB key. Or,
click onthe “| » " mark in the “Scan Size” selection box and select a numerical
value near “1,000 nm.”

Soan Size |1.000 um v|

Rotaticml OffSet | Zoarm |

Note: Here, it is assumed that the standard scanner (scanning range is 10y mx 10y m)
isinstalled. In practice, set an appropriate value according to the observation area.

® Filter/Hz
@ Click on the “| »|” mark in the “Filter/Hz” selection box and select “1.00” from
the pull-down menu.
“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set value is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit easily oscillates. Usually, set the
highest speed at which the feedback circuit does not oscillate while watching an im-

age during scanning.
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Filter/Hz 1.00 b ﬂ

Gain  Low ¢ & ¢ High

® Gain
€ Set “Gain” to the third position by clicking on the third radio button from the left;
then the button changes to 7.”
The setting determines the gain of the feedback circuit. If it is set to “High,” the re-
sponse gain increases, thus causing an uneven specimen surface to be easily ob-
served, but the feedback circuit easily oscillates.

® Source
@ Click on the “|=|” mark in the “Source 1” selection box and select “Topogra-

phy.”

Source

1 IT::;::Dgr’EIp::h*,.r j
2 ITD;::Dgrap:um.r j

Gain
T opography =16 [
Cithel 16 [

® Gain
@ Click on the “x 16" check box of “Topography” to remove the check mark.
When the check mark is removed, the check box changesto “01 .”

Now you have completed the parameter setting for observing a topography image in the
AC mode.
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6.4.4 Adjusting the Cantilever Resonance Point

@ Click on the “Auto Tune” button on the right-hand side of the control panel.
The cantilever resonance point will be adjusted, and the excitation frequency, the
voltage to be applied to the cantilever and the value of Reference/V will be auto-
matically set.

B Considerations for Using “Auto Tune”

® \/oltage to be applied to cantilever
In this system there is a switch that changes the voltage to be applied to the cantilever to
High or Low. When, in observing a specimen under vacuum after installing the optional
evacuation system, you set the voltage to “High,” the cantilever might break. Generally,
the voltage to be applied to the cantilever is set as follows.

Under atmospheric pressure ®MVCO  High Output

Under vacuum OVCO  High Output

® Usable cantilever resonance frequency
The range of cantilever resonance frequencies that can be adjusted using the “ Auto Tune”

function is 50 kHz to 500 kHz.

® |f “Auto Tune” fails
If the message “Auto Tune Failed” is displayed, carry out the operations described in
Subsection 6.4.1 “Check Before Approaching” and in Subsection 6.4.2 “ Adjusting Pho-
todiode Position.” If the “Auto Tune Failed” message still does not disappear, adjust the
resonance frequency manualy, referring to Subsection 6.8.5 “ Setting VCO.”

6.4.5 Approaching

1. Click on the “Approach On” button.
Automatically, approaching starts. When approaching finishes, the “Auto Approach
Stopped” window is displayed in the center of the screen.

2. When this window is displayed, click on “OK.”

WINS PN

B Considerations for Using “Approach”

® \When the “Approach On” button is displayed in gray
Click on the “Retract Off” button. Regarding the meaning of “Retract,” refer to Subsec-

tion 6.14.1 “Tip Retract.”
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® Speed of approaching
You can set the speed of approaching on the “Advanced” control panel. In the JSPM-
4200 it is set at the time of shipment from the factory. For further details, refer to Sub-
section 7.1.11 “Tip.”

® Judgement of approaching conditions
Whether approaching has finished or not is judged by measuring the voltage applied to
the Z scanner. The voltageisset to + 0V at the time of shipment from the factory. For
further details, refer to Subsection 7.1.11 “Tip.”

® Halt of approaching
When approaching has begun, the “ Approach On” button changes to the “ Approach Off”
button. If you click on this button, you can stop the approaching.

6.4.6 Image Observation

To observe an image, click on the “ | »|” mark in the “Acquisition” selection box, select
“Imaging,” and click on the “Scan” button. Scanning will start and an image will be dis-
played on the Display Window.

6.4.7 Phase Image Observation

The image observation in the AC mode that has been explained so far in this section is
the constant-force mode used to observe the topography of a specimen while keeping the
cantilever amplitude constant, and in this mode it is possible to observe a phase image by
obtaining the change of the phase in the vicinity of the cantilever resonance point as an
image. The following is the procedure for observing a phase image.

1. Carry out approaching according to the procedures in Subsections 6.4.1.
through 6.4.5.
Note: |f approaching has aready been completed, this operation is not necessary.
2. Click on the “|=/” mark in the “Source 1" selection box in the control panel
and select “Phase” from the pull-down menu.

Source

2 Topographny j

Gain
Topography  x16
Othe «16 [

3. Carry out Phase observation according to the procedure in 6.4.6 “image Ob-
servation.”
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6.4.8 Simultaneous Observation of Topography and Phase

Simultaneous capturing of both topography and phase images is possible. Carry out the
observation according to the following procedure.

1. Carry out approaching according to the procedures in Subsections 6.4.1
through 6.4.5.
Note: If approaching has aready been completed, this operation is not necessary.
2. Click on the “|=| " mark in the “Acquisition” selection box and select “2 Inputs”
from the pull-down menu.

Acuisition

Clock/ms  |0.0667 ms jil

3. Click on the “|=|” mark in the “Source 1” selection box in the control panel
and select “Topography” from the pull-down menu.

4. Click on the “| =" mark in the “Source 2" selection box in the control panel
and select “Phase” from the pull-down menu.

SOUrcE
1 Topography j
< |

Gain
Topography  x16 [
Othe “16 [

5. Click on “Scan” to scan the specimen.

Then, the following display will appear.

Topography Phase
image image
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6.4.9 Capturing Image

€ To capture an image, click on the “Grab” button during scanning.
When the scanning of one image has completed, the image is grabbed (stored) in
the memory. For further details, refer to Subsection 6.14.6 “Storing Data in the
Memory.”

* In the AC mode, an image is displayed after an offset voltage is automatically calcu-
lated. For further details, refer to Subsection 6.14.7 “ Cautions for Auto Set.”

* Regarding the storage of the grabbed image in the disk memory, refer to Subsection
6.14.8 “Image Saving.”

6.4.10 Caution for Image Observation

In the case of the AC mode AFM, an important factor for obtaining a quality image isthe
distance between the specimen and the cantilever tip. If this setting is inappropriate, not
only can a quality image not be obtained, but also the specimen and the cantilever may
be damaged. The distance between the specimen and the cantilever tip is set with “Ref-
erence/V.” If the RMS value indicates —5.6 V, it means that the cantilever tip is too far
from the specimen. If the RMS value indicates 0 V, it means that the cantilever tip has
collided with the specimen surface. Usually, change the “Reference/VV” value gradually
from the value for approaching toward 0 V (closer to the specimen surface) while
watching the image, and set it to the value that produces the best quality image.

6.4.11 Terminating Observation

Terminate the observation according to the following procedure.

1. Stop scanning.
2. Click on the “Retract” button to retract the cantilever tip.
3. Click on “Out” for “Z” and click on the “Start” button.

fd oo

Start

I iy I Out
877 um

4. When the cantilever has moved 0.1 to 0.2 mm away from the specimen, click
on the “Stop” button to stop the movement.
5. Turn the manual approach screw to move the specimen stage down.
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Manual approach
screw

Stage moves downward
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CONTENTS

6.5 OBSERVATION (TINY MODE) USING CONTACT MODE
CONTROL PANEL

In the contact mode AFM, observation is performed in the range where a repulsive force
acts between a cantilever tip and a specimen.

TMPM42-2

SPM Parameters

AC Mode Contact Made | STM | Advanced| Options|

Acquisition IImaging 'I Scan Size |1.000 um 'l SoEn
Olock/ms  [0.0667 ms jﬂ [Rotation | offset | zoom |
hd E{pzl]
Reference " Retract On
j J j Filter/Hz 100 = j
—10.00 I0.000 1000 Gain  Low ¢ ¢ &  High Adjust PD |
Earse OUNEl
Source
Z n
Move Approach On
1 [Topography =] & Out o [
2 ITDpugraphy 'l
Start
Gain
Topography 16 T In o I Out
Othel x16 8.7 um Exit

Contact Mode control panel

* Described in this Section is the procedure for AFM observation by use of the contact
mode control panel.
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 Thefallowing isthe flow chart of the operation in the contact mode.

Check before approaching

Adjusting photodiode
position

Setting scanning
parameters

Adjusting cantilever
resonance point

Approaching

Image observation

]

Finishing observation Grabbing image

Y

Storing image

6.5.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-
cording to the proceduresin Section 6.3.

 Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is within 0.3 mm or less ?

* Isthe Z stage position in the approaching possible range ?

* Is the “SUM” vaue of the AFM amplifier unit as negative as possible (-5.0 V or
more) ?

Note: After checking these points, set the indicator selection knob on the AFM amplifier
unit to “AFM.”
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6.5.2 Adjusting Photodiode Position

@ Click on the “Adjust PD” button on the right-hand side of the control panel.
The following display will appear on the Display Window.

Adjust the X-axis and Y -axis adjusting knobs so that the red spot goes into the blue re-
gion.

Y-axis +

X-axis +

— X-axis adjusting
knob

Y-axis adjusting
knob
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6.5.3 Setting Scanning Parameters

Before carrying out approaching, set the scanning parameters such as the scanning range.
These parameters vary according to the kinds of specimens and the purpose of observa-
tion, but generally, set the parameters as follows.

® Acquisition
@ Click on the “| =|” mark in the “Acquisition” selection box and select “Imaging.”
Then, the SPM CONTROL unit enters the image observation mode.

Acouisition ||magir'|g j

Closk/ms {01000 ms jél

® Clock/ms
@ Click on the “| = " mark in the “Clock/ms” selection box and select “0.100 ms.”
This is the parameter which determines the scan speed. Naturaly, this parameter
should be changed according to the observation area and the unevenness of the
specimen.

® Scan size
@ Click on “Scan Size”. When the numerical value is highlighted, enter 1 um us-
ing the keyboard and determine the numerical value by pressing the TAB key.
Or, click on the “|=|” mark in the “Scan Size” selection box and select a nu-
merical value near to “1,000 nm.”

Soan Size |1.000 um v|

Rotaticml OffSet | Zoarm |

Note: Here, it is assumed that the standard scanner (scanning range is 104 mx 104 m)
isinstalled. In practice, set an appropriate value according to the observation area.

® Double-click on “Reference” to highlight the numerical value and enter “0” using
the keyboard. Then, determine “0” by pressing the TAB key on the keyboard.

“Reference/V” is used to specify the force acting between the specimen and the cantile-

ver tip. The value must be changed while watching the image, but now set it to “0.000"

provisionaly.
Reference
Rl [ i
—10.00 IO-UUD 10.00
® Filter/Hz
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@ Click on “Filter/Hz” and select “1.00” from the pull-down menu.
“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set vaue is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit easily oscillates. Usualy, set the
highest speed at which the feedback circuit does not oscillate while watching an im-
age during scanning.

FiltersHz 1.00 - ﬂ

Gan Low © & High

® Gain
€ Set “Gain” to the third value by clicking on the third radio button from the left;
then the button changes to 7."
The setting determines the gain of the feedback circuit. If it is set to “High,” the re-
sponse gain increases, thus causing an uneven specimen surface to be easily ob-
served, but the feedback circuit easily oscillates.

® Source
@ Click on the “| x| " mark in the “Source 1" selection box and select “Topogra-

phy.”

Source

1 ITD;:IDgra;:um.r j
2 ITDngraphy j

Gain
Topography  x16 [
Othe 6 [

® Gain
@ Click on the “x 16” check box of “Topography” to remove the check mark.
When the check mark is removed, the check box changesto “01 .”

Now you have completed the parameter setting for observing a topography image in the
contact mode.
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6.5.4 Approaching

1. Click on the “Approach On” button.
Automatically, approaching starts. When approaching finishes, the “Auto Approach
Stopped” window is displayed in the center of the screen.

2. When this window is displayed, click on “OK.”

L

® Auta Approach Stopped

B Considerations for Using “Approach”

® \When the “Approach On” button is displayed in gray
Click on the “Retract Off” button. Regarding the meaning of “Retract,” refer to Sub-
section 6.14.1 “Tip Retract.”

® Speed of approaching
You can set the speed of approaching on the “Advanced” control panel. In the JSPM-
4200 it is set at the time of shipment from the factory. For further details, refer to Sub-
section 7.1.11 “Tip.”

® Judgement of approaching conditions
Whether approaching has finished or not is judged by measuring the voltage applied to
the Z scanner. The voltageis setto + 0V at the time of shipment from the factory. For
further details, refer to Subsection 7.1.11 “Tip.”

@ Halt of approaching
When approaching has begun, the “ Approach On” button changes to the “ Approach Off”
button. If you click on this display, you can stop the approaching.

6.5.5 Image Observation

To observe an image, click onthe* | =|” mark in the “Acquisition” selection box, select
“Imaging,” and click on the “Scan” button. Scanning will start and an image will be dis-
played on the Display Window.

6.5.6 Force Image Observation

The image observation in the contact mode that has been explained so far in this Section
is the constant-force mode used to observe the topography of a specimen while keeping
the repulsive force constant. In this mode it is also possible to observe a force image (an
atomic-force image) by obtaining the movement of the cantilever as an image while
keeping the distance between the cantilever and the specimen constant. The following is
the procedure for observing aforce image.

1. Carry out approaching according to the procedures in Subsections 6.5.1
through 6.5.4.
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Note: |f approaching has aready been completed, this operation is not necessary.
2. Click on the “|=|” mark in the “Source 1" selection box in the control panel
and select “Force” from the pull-down menu.

Source

2 IT|:|p:u:|gra;:||*'|3.r j

Gain
Topographty 16 [
Cithe) x5 [

3. Click on the “|~|” mark in the “Fback Filter/Hz" selection box and select “0.5”
from the pull-down menu.
Usually, aforce image is observed by applying a very slow feedback while keeping
the height constant. Use a slower response for the feedback than that used for ob-
serving atopography image.
4. Carry out force observation according to the procedure in 6.5.5 “Image Ob-
servation.”

6.5.7 FFM Observation

In the ordinary contact-mode AFM, the specimen-scanning direction is parallel to the
cantilever axis as shown in the |eft figure below. In the case of FFM (Friction Force Mi-
croscope), on the other hand, the specimen-scanning direction is orthogonal to the canti-
lever axis as shown in the right figure below. The cantilever is twisted during scanning
due to the friction force occurring between the specimen surface and the cantilever tip.
The FFM measures the friction force from this torsion of the cantilever.

Scanning direction
'/— Cantilever
_L — 1

I AAA T
—_—
—_—
< <
[}
[}
[}
| |
—_—
Ordinary contact mode AFM FFM

The following is the procedure for FFM observation.

1. Perform approaching according to the procedures in Subsections 6.5.1 to
6.5.4.
Note: This operation is hot necessary if approaching has been completed.
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2. Click on the “|=|" mark in the “Acquisition” selection box and select “FFM”
from the pull-down menu; then click on the “Scan” button.
Scanning starts, and a topography image and an FFM image are displayed on the
Display Window.

Topography

image FFM image

* The scanning direction automatically changes by 90° when “FFM” is selected.
» The white locations in the FFM image indicate the areas where the friction force is
large.

6.5.8 Force Curve Measurement

The force acting between the specimen surface and the cantilever tip is measured from
the bending of the cantilever while the distance between the specimen surface and the
cantilever tip is being varied in the contact mode. This measurement is called “Force
Curve” measurement. The following is the procedure for Force Curve measurement.

1. Perform approaching according to the procedures in Subsections 6.5.1 to
6.5.4.

Note: This operation is not necessary if approaching has been completed.

2. Click on the “|~|” mark in the “Acquisition” selection box and select “Force
Curve” from the pull-down menu.

3. Click on “Force Curve.”

The “F-C Parameters’ window will be displayed.

4. Double-click on “Tip Displacement/nm” on the “F-C Parameters” window and
enter the maximum value of the scanner Z scanning range using the key-
board.

When the standard scanner (10y mx 10y mx 3y m) isingtaled, enter about 1,500
nm (the total scanning range in the Z direction is 3,000 nm, because the value input
is the limit of the scan in both the positive and the negative directions). In practice,
however, even if a value exceeding the scanner Z scanning range is entered, the
software automatically calculates and indicates the maximum possible value.

5. Click on “Scan” on the “SPM Parameters” window.

The Force Curve will be displayed on the Display Window.

* To grab the measured Force Curve, click on the “Grab” button during the measure-

ment.

 To change the display style of the Force Curve, change it on the “Plot Parameters’

menu of “Display” after grabbing the Force Curve.
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« If the Force Curve goes out of the linear region and becomes saturated in the repulsive
force domain, as shown below, it means that the measurement has been attempted out-
side the measurable range. In such a case, change the “ Tip Displacement/nm” value to
asmaller value; then repeat the measurement.

-«4—— Saturated

AN
* The relationship between “Tip Displacement/nm” and “Reference/V” is shown in the
figure below.

-«—Reference/V

N

Tip Displacement

Therefore, when the “Reference/V” value is set to 0 V, feedback is carried out at the
point where the Force Curve crossesthe 0 V line.

* If the Force Curve is not obtained correctly, it usually means that approaching has not
been properly performed. If curves such as the one shown below are obtained, check
whether approaching has been properly performed according to Subsection 6.5.4 “Ap-

proaching.”

If the data obtained is something like the above, that means that the cantilever tip has
not approached the specimen surface yet.
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6.5.9 Caution for Image Observation

In the Contact mode, the setting of the repulsive force acting between the specimen sur-
face and the cantilever tip plays an important role in obtaining a quality image. If this
setting is inappropriate, not only can a quality image not be obtained, but also the speci-
men and the cantilever may be damaged. The repulsive force between the specimen sur-
face and the cantilever tip is set with “Reference/V.” The more negative “ Reference/V” is
set, the smaller does the repulsive force become. The more positive “Reference/V” is set,
the larger does the repulsive force become. If approaching is performed while the “ Ref-
erence/VV” valueis set to —2 V, changing “ Reference/V” to the repulsive force side in ex-
cess of —2 V might sometimes makes the cantilever tip separate from the specimen sur-
face, thus resulting in forming no image.

In the Contact mode, generally, scanning is performed in a small repulsive force domain
to avoid damaging the specimen. Then, set “Reference/VV” to the position where the can-
tilever tip and the specimen surface become closest to each other. However, in the case
of a specimen having large unevenness or a specimen having alow contrast due to mate-
rials attached to the specimen surface, scanning in alittle larger repulsive force domain
(on the plus (+) side of “Reference/V") would produce a good result.

Change the “Reference/V” value gradually from the value for approaching toward 0 V
(closer to the specimen surface) while watching the image and set it to the value that
produces the best quaity image.

6.5.10 Completing Observation
Complete the observation according to the following procedure.

1. Stop scanning.
2. Click on the “Retract” button to retract the cantilever tip.
3. Click on “Out” for “Z” and press the “Start” button.

£ 1 n kove

Start

In 4 b Ot
9.77 um

4. When the cantilever has moved 0.1 to 0.2 mm away from the specimen, click
on the “Stop” button to stop the movement.
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5. Turn the manual approach thumbscrew to move the specimen stage down.

Manual approach
screw

Stage moves upward

Stage moves downward
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6.6 OBSERVATION (TINY MODE) USING STM MODE
CONTROL PANEL

The SPM head unit with atip holder is used for STM (Scanning Tunneling Microscope)
observation. Described in this Section is the procedure for observing an STM image

using the STM mode control panel.

SPM Parameters

AG Mode | Contact Mads  STM |Ad\:anced| Optians |

Acouisition Ilmaging '| Scan Size |1-OOCI Hm :Iv Sean
Closk/ms  [0.1000 ms '|ﬂ Rotation | offSet |  zaom |

Tz

Bias/

r J 2 Filter/Hz mil Retrast On
~10v  [0000 10V o | ———

Current/nA Gain Low © &  High
FEr 2l
0.00 [1.000 10.00

=
Approach On
5 |
ource 2 n

1 Move
|Topography '| & Out
2 ITD;:anra;;Jh\_,,r 'l

Start

Gain
Topography  x16 In 2 I Out

DOthe w16 16.78 um Exit |

STM mode control panel

The following isthe flow chart of the operation in the contact mode.

Check before approaching

Approaching

Image observation

v

Finishing observation Grabbing image

v

Storing image
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6.6.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-
cording to the proceduresin Section 6.3.

* Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is within 0.3 mm or less ?
* Isthe Z stage position in the approaching possible range ?

6.6.2 Setting Scanning Parameters

Before carrying out approaching, set the scanning parameters such as the scanning range.
These parameters vary according to the kinds of specimens and the purpose of observa-
tion, but generally, set the parameters as follows.

® Acquisition
@ Click on the “| = " mark in the “Acquisition” selection box and select “Imaging.”
Then, the system enters the image observation mode.

Acguisition IImaging j

Clack/ms  [01000 ms jél

® Clock/ms
@ Click on the “| > " mark in the “Clock/ms” selection box and select “0.100 ms.”
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the

specimen.

® Scan size
@ Click on the “| > " mark in the “Scan Size” selection box. When the numerical
value is highlighted, enter 1 um using the keyboard and fix the numerical val-
ue by pressing the “TAB” key. Or, click on the “|» " mark in the “Scan Size”
selection box and select a numerical value near 1,000 nm from the pull-down

menu.

Soan Size |1.000 um v|

Rotaticml OffSet | Zoarm |

Note: Here, it is assumed that the standard scanner (scanning range is 104 mx 104 m)
isinstalled. In practice, set an appropriate value according to the observation area.
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® Click on “Sample/V”’. When the numerical value is highlighted, enter 1 using the
keyboard and finalize the numerical value by pressing the “TAB” key

Bias/
[ J [
=10 |1.DDD 1004

Currents n
H B i
000 |1 000 1000

“Sample’ has to be changed according to the kind of specimen to be observed. If the
specimen is a high-conductivity specimen such as a metal, set it to a small numerical
value (0.2 V or less). If the sample is a semiconductor or a sample having an oxide film,
set it to alarge numerical value (1.0 V or more).

® Double-click on “Current/nA.” When the numerical value is highlighted, enter 1
using the keyboard. Then, finalize the numerical value by pressing the “TAB”
key on the keyboard.

“Current/nA” is used to specify the tunneling current flowing between the specimen sur-

face and the cantilever tip. The value must be changed while watching the image, but
now set it to “1.000” provisionally.

® Filter/Hz
@ Click on the “| =|” mark in the “Filter/Hz" selection box and select “1.00” from
the pull-down menu.
“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set value is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit easily oscillates. Usualy, set the

highest speed at which the feedback circuit does not oscillates while watching the
image during scanning.

FiltersHz 1.00 - ﬂ

Gan Low © & High

® Gain
€ Set “Gain” to the third value by clicking on the third radio button from the left;
then the button changes to 7.”
The setting determines the gain of the feedback circuit. If it is set to “High,” the re-

sponse gain increases, thus causing an uneven specimen surface to be easily ob-
served, but the feedback circuit easily oscillates.
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® Source
@ Click on the “| =" mark in the “Source 1” selection box and select “Topogra-

phy.”

Source

1 ITD;:IDgra;:um.r j
2 ITDngraphy j

Gain
Topography  x16 [
Othe 6 [

® Gain
€ Click on the “x 16" check box of “Topography” to remove the check mark.
When the check mark is removed, the check box changesto “01 .”

Now you have completed the parameter setting for observing a topography image in the
STM mode.

6.6.3 Approaching

1. Click on the “Approach On” button.
Automatically, approaching starts. When approaching finishes, the “Auto Approach
Stopped” window is displayed in the center of the screen.

2. When this window is displayed, click on “OK.”

L

® Auta Approach Stopped

B Considerations for Using “Approach”

® \When the “Approach On” button is displayed in gray
€ Click on the “Retract Off” button. Regarding the meaning of “Retract,” refer to
Sub-section 6.14.1 “Tip Retract.”

® Speed of approaching
€ Set the speed of approaching on the “Advanced” control panel. In the JSPM-
4200 it is set at the time of shipment from the factory.
For further details, refer to Subsection 7.1.11 “Tip.”

TMPM42-2 6-34



6. OPERATION

® Judgement of approaching conditions
Whether approaching has finished or not is judged by measuring the voltage applied to
the Z scanner. The voltageis setto + 0V at the time of shipment from the factory. For
further details, refer to Subsection 7.1.11 “Tip.”

@ Halt of approaching
When approaching has begun, the “ Approach On” button changes to the “ Approach Off”
button. If you click on this button, you can stop the approaching.

6.6.4 Image Observation

To observe an image, click onthe | =|” mark in the “Acquisition” selection box, select
“Imaging” and click on the “Scan” button. Scanning will start and an image will be dis-
played on the Display Window.

6.6.5 Current Image Observation

The operation procedures for image observation in the STM mode that have been ex-
plained so far in this Section are for the constant current STM mode used to observe the
topography of a specimen while keeping the tunneling current constant. In this modeit is
also possible to observe a current image by obtaining the change of the current as an im-
age while keeping the tip height constant. The following is the procedure for observing a
current image.

1. Carry out approaching according to the procedures in Subsections 6.5.1
through 6.5.4.
Note: |f approaching has aready been completed, this operation is not necessary.
2. Click on the “|~|” mark in the “Source 1" selection box in the control panel
and select “Log Current” from the pull-down menu.

Source

Log Current

2 Topography j

Gain
Topography  x16 [
Othel «16 [

3. Click on the “|~|” mark in the “Fback Filter/Hz" selection box and select “0.5”
from the pull-down menu.
Usually, a current image is observed by applying a very slow feedback while keep-
ing the height constant. Use a slower response for the feedback than that used for
observing atopography image.
4. Carry out current observation according to the procedure in Subsection 6.6.4
“Image Observation.”
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6.6.6 |-V Measurement

The following is the procedure for measuring the |-V characteristic of the specimen sur-
face.

1. Carry out approaching according to the procedures in Subsections 6.6.1
through 6.6.3.
Note: If approaching has already been completed, this operation is not necessary.
2. Observe a current image according to Subsection 6.6.5 “Current Image Ob-
servation” and grab it.
3. Click on the “Acquisition” selection box and select “I-V” from the pull-down
menu. Click on the “I-V” button.
The“1-V Parameters” window is displayed.

=% Parameters

Low Woltage |—1 000

High W oltage"" |1 000
Mo ta Average |1 .,I Pasition |

4. Click on the “Retract” button.

5. Click on the “Position” button.
The “1-V Parameters’ window will be closed and the “Tip position” window will be
displayed. Move the mouse cursor to the current image in the “Display Window”;
then the cursor will change to a hand mark. The present position of the cantilever is
displayed with a + mark. Usually, the initial position of the cantilever is the top left
corner as shown below.

(! et Mouse cursor

Tip position

6. Move the cursor to the position of the tip; press the left mouse button and drag
it (while holding down the mouse button) to the point where an I-V measure-
ment is to be performed.
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Measurement
position

—
o

Be careful not to drag the cantilever very fast because the cantilever is actually

moving in real time.

7. After placing the “+” mark at the measurement point, press the right mouse-
button.

The“I-V Parameters’ window will be displayed.

8. Deselect “Tip Retract” by clicking on the “Tip Retract” check box; the box will
changeto ‘0 .”
9. Set the I-V measurement parameters according to the following procedures.
a. Set the voltage to measure I-V.

* Double-click on the input box for “Low Voltage/\VV" and enter a voltage using the
keyboard. Here, we will explain how to set the |-V measurement range to the
range from —-1.0V to +1.0 V. Enter —1 using the keyboard.

» Double-click on the input box for “High Voltage/VV” and enter a voltage using the
keyboard. Here, enter 1.

Note: In this system, the offset current is capacitance-corrected in such a way that

when the input voltage is 0 V, the current is O nA. Therefore, the Low and
High Voltages must be entered so that they encompass 0 V.
b. Click on the “| >/ " mark in the “No to Average” selection box and select “1”
from the pull-down menu.

This specifies the number of |-V measurements for data averaging. Increasing the

number of measurement is effective particularly when data is noisy or when a very

small current must be measured.
10. Click on “Repeat.”

The |-V measurement will start.

When you want to change the I-V display method, change it on the “Plot parame-

ters’ after grabbing the data.

Note: If the measurement position is changed with this method, the changed posi-

tion becomes theinitia position. Therefore, when scanning has been finished
or “Abort” has been performed, thetip is at the initial position.
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6.6.7 CITS Image Observation

TMPM42-2

A CITS (Current Imaging Tunneling Spectroscopy) image is a tunneling-current image
produced when applying an optionally designated bias voltage while keeping the dis-
tance between the tip and the specimen surface (determined by the topographic-image
observation conditions such as tunneling current and bias voltage) constant. |-V curves
and data averaging at designated points on the specimen can also be obtained from the
image captured in the CITS menu. In the case of CITS, unlike STS, |-V datais measured
and an image is created at each pixel during tip-scanning, so there is no influence of spe-
cimen drift or hysteresis so that the |-V curve at an arbitrary point of the image perfectly
corresponds to the image points.

Tip

|-V measurement

I A

v

|-V curve is measured at every pixel

1 Il Il Il
T 1 T J T 1

-

15 points

128 points standard)

128 points

One method of determining the bias voltage is as follows.

Select a point where the image contrast varies greatly on an STM image and measure an
[-V curve at that point once; then select the bias voltage of the position where the I-V
curve varies greatly.

CITS measurement parameters such as “Low voltage” and “High voltage” are the same
asthose set in the |-V Parameters.

The following is the procedure for observing a CITS image.

1. Perform approaching according to the procedures in Subsections 6.6.1
through 6.6.3.
Note: |f approaching has aready been completed, this operation is not necessary.
2. Click on the “|=|” mark in the “Acquisition” selection box and select “CITS”
from the pull-down menu. Then, click on the “I-V” button.
The“|-V Parameters’ window will be displayed.

=% Parameters

Low Woltages |—1 000
High W oltage |1 000
|1 vI

Position |

Mo to Average
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3. Set the parameters for |-V measurement according to the following
procedures.
Set the voltages at which to measure I-V as follows.
 Double-click on the input box for “Low Voltage/V” and enter a voltage using the key-
board. Here, we will explain how to set the |-V measurement range from -1.0 V to
+1.0 V. Enter —1 using the keyboard.
* Double-click on the input box for “High Voltage/V" and enter a voltage using the key-
board. Here, enter 1.
Note: In this system, the offset current is capacitance-corrected in such a way that
when the input voltage is 0 V, the current is 0 nA. Therefore, the Low and
High Voltages must be entered so that they encompassO V.
4. Click on “Repeat.”
Scanning is performed and the following will be displayed.

Topo |[Current
image | image

Current
image

6.6.8 Caution for Image Observation

In the case of the STM mode, an important factor for obtaining a quality image is the
setting of Bias Voltage and Current . If this setting is inappropriate, not only can a qual-
ity image not be obtained, but also the specimen and the tip may be damaged.

The distance between the specimen surface and the tip is controlled by adjusting Bias/VV
and Current/nA. If Sample Bias is set to a small value and Current/nA to a large value,
the distance between the specimen surface and the tip becomes short. Theoreticaly, the
resolving power improves, but the tip could easily collide with the specimen.

6.6.9 Finishing Observation
The following is the procedure for finishing the observation.

1. Stop the scanning.
2. Click on the “Retract” button to retract the cantilever tip.
3. Click on “Out” for “Z” and click on the “Start” button.
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z howe

Start

In 4 b Ot
9.77 um

4. When the cantilever has moved 0.1 to 0.2 mm away from the specimen, press
the “Stop” button to stop the movement.
5. Turn the manual approach screw to move the specimen stage down.

Manual approach
screw

Stage moves upward

Stage moves downward
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6.7 OPTION MODE CONTROL PANEL

6.7.1

TMPM42-2

The JSPM-4200, if provided with optional attachments, is capable of performing

Viscoelasticity measurement

L ateral-modulation FFM measurement

Kelvin Force Microscope measurement

MFM (Magnetic Force Microscope) measurement

Regarding the instalation and handling of the optional attachments for viscoelasiticity
measurement, lateral-modulation FFM measurement and Kelvin force microscope meas-
urement, refer to the instruction manual of each optional attachment. MFM measurement
can be carried out using the cantilever for MFM measurement.

MFM Observation

MFM observation is usually performed using the AC mode. To separate a topographic
image from an MFM image, the cantilever is moved away (lifted) from the specimen at
the position where a topographic image is acquired and the phase difference of the can-
tilever is displayed as an MFM image. The following is the procedure for observing an
MFM image.

SPM Parameters

AC Made | Contact Mode | STM | Advanced Options |

Acouisition If'\"":f'\"1 'l Scan Size |5 um - Scan
Clack/ms  [0.1667 ms jil [ Rotation | OffSet | Zoom |
[E{r= 5]
Reference = Retract On
ﬂ | 'l Filter/Hz 1.00 - j
~1000  [0000 0.00 Gain Low ¢ &  High Adust PD
AutoTune |
, WO |
Gain Z Cn hove
Topography =16 [ & Out o |
Othel 16 [
Stat _ e |
Approach O
In N I Out
1556 um Exit |

Option M ode control panel
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Check before approaching

Adjusting photodiode
position

Setting scanning
parameters

Adjusting cantilever
resonance point

Approaching

Image observation
Setting lifting height
Setting cantilever
excitation voltage
applied at the time of
lifting

+ Grabbing image
v

Finishing observation

Storing image

6.7.2 Check Before Approaching
Before carrying out approaching, check whether the preparation has been completed ac-
cording to the procedures in Section 6.3 “Preparation for Approaching.”

* Has the cantilever for the AC mode been mounted in the cantilever holder ?

* Has coarse approaching been done so that the distance between the specimen surface
and the cantilever is0.3 mm or less ?

* Isthe Z stage position in the approaching-possible range ?

* Isthe“SUM” vaue for the AFM AMP unit as negative as possible (-5.0 V or more) ?

Note: After checking these points, set the indicator selection knob to “RMS.”

6.7.3 Adjusting Photodiode Position

@ Click on the “Adjust PD” button on the right-hand side of the control panel. The
following display will appear on “Display Window.”
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Turn the X- and Y -axis adjusting knobs so that the red spot goes into the blue areain the
center.

Y-axis +

— X-axis adjusting
knob

Y-axis adjusting
knob
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6.7.4 Setting Scanning Parameters

Before carrying out approaching, set the scanning parameters such as scanning range.
These parameters vary according to the kinds of specimens and the purpose of observa-
tion, but generally, set the parameters as follows.

® Acquisition
@ Click on the “| =|” mark in the “Acquisition” selection box and select “MFM.”
Then, the SPM CONTROL unit enters the MFM image-observation maode.

Acguisition IMFM j

Closk/ms {1 6667 ms jél

® Clock/ms
€ Click on the “|=|” mark in the “Clock/ms” selection box and select “1.6667
ms.
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the
specimen.

® Scan size
€ Click on “Scan Size”. When the numerical value is highlighted, enter 5 um
using the keyboard and finalize the numerical value by pressing the “TAB” key.
Or, click on the “|=|” mark in the “Scan Size” selection box and select a nu-
merical value near “5,000 nm.”

Scan Size 8 um j

Offset |  Zoom |

Note: Here, it is assumed that the standard scanner (scanning range is 104 mx 104 m)
isinstalled. In practice, set an appropriate value according to the observation area.

® Filter/Hz

€ Click on the “| =|”" mark in the “Filter/Hz” selection box and select “1.00” from

the pull-down menu.
“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set value is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit easily oscillates. Usualy, set the
highest speed at which the feedback circuit does not oscillate while watching an im-

age during scanning.
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Filter/Hz 1.00 b ﬂ

Gain  Low ¢ & ¢ High

® Gain
€ Set “Gain” to the third value by clicking on the third radio button from the left;
then the “0” mark changes to 7."
The setting determines the gain of the feedback circuit. If it is set to “High,” the re-
sponse gain increases, thus causing an uneven specimen surface to be easily ob-
served, but the feedback circuit easily oscillates.

® Gain
€ Click on the “x 16" check box of “Topography” to remove the checkbox.
When the check box is removed, the check box changesto “01 .”

Gain
Topography  x16 [
Jthel x5 [

Now you have completed the parameter setting for observing a topography image in the
AC mode.

6.7.5 Adjusting the Cantilever Resonance Point

€ Click on the “Auto Tune” button on the right-hand side of the control panel.
The cantilever resonance point will be adjusted, and the excitation frequency and
voltage to be applied to the cantilever and the vaue of Reference will be automati-
cally set.

B Caution for Using “Auto Tune”

® \/oltage to be applied to cantilever
In this system there is a switch that changes over the voltage to be applied to the cantile-
ver to High or Low. When, in observing a specimen under vacuum by installing the op-
tional evacuation system, you set the voltage to “High,” the cantilever might break. Gen-
erally, the voltage to be applied to the cantilever is set asfollows.
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Under atmospheric pressure ®MVCO  High Output

Under vacuum OVCO  High Output

® Usable cantilever resonance frequency
The range of cantilever resonance frequencies that can be adjusted using the “ Auto Tune”
function is 50 kHz to 500 kHz.

® |f “Auto Tune” fails
If the message “Auto Tune Failed” is displayed, carry out the operations described in
Subsection 6.4.1 “Check Before Approaching” and in Subsection 6.4.2 “ Adjusting Pho-
todiode Position.” If the “Auto Tune Failed” message still does not disappear, adjust the
resonance frequency manualy, referring to Subsection 6.8.5 “ Setting VCO.”

6.7.6 Approaching

1. Click on the “Approach On” button.
Automatically, approaching starts. When approaching finishes, the “Auto Approach
Stopped” window is displayed in the center of the screen.

2. When this window is displayed, click on “OK.”

W RSP

® Auto Approach Stopped

B Considerations for Using “Approach”

® \When the “Approach On” button is displayed in gray
@ Click on the “Retract Off” button. Regarding the meaning of “Retract,” refer to
Sub-section 6.14.1 “Tip Retract.”

® Speed of approaching
€ Set the speed of approaching on the “Advanced” control panel. In the JSPM-
4200 it is set at the time of shipment from the factory. For further details, refer
to Sub-section 7.1.11 “Tip.”

® Judgement of approaching conditions
Whether approaching has finished or not is judged by measuring the voltage applied to
the Z scanner. The voltageissetto + 0V at the time of shipment from the factory. For
further details, refer to Sub-section 7.1.11 “Tip.”

® Halt of approaching

When approaching has begun, the “Approach On” button changes to the “ Approach Off”
button. If you click on this button, you can stop the approaching.
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6.7.7 Image Observation and Setting Lift Height
1. Click on the “Lift” button and the “Lift” window will be displayed.

Lift Height

100 I—o_aga BR8]

Lift Output Amp/
R B ]
oo |1 848 100

Cancel |

2. Double-click on “Lift Height” and enter 100 nm using the keyboard. Press the
“TAB” key to finalize the value.
3. Click on “Scan” to scan the specimen.
Then, the following display will appear.

Topography | MFMimage
image (Phase image)

4. Decrease the “Lift Output Amp/V” value gradually so that an MFM image can
be better seen.

6.7.8 Caution for Image Observation

In the MFM mode, it is necessary that a high-quality topographic image in the AC mode
can be observed. At first, observe an image in the AC mode only; it is necessary to find
parameter values with which a high-quality image can be observed in the AC mode.
Next, determine the “Lift Height” and perform scanning, and gradually decrease the
“Lift Output Amp/V” value and find the point where a high-quality image can be ob-
tained. It is suggested that the cantilever for MFM image observation should be magnet-
ized in advance using a permanent magnet so asto obtain a good result.
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6.7.9 Completing Observation
Complete the observation according to the following procedure.

1. Stop scanning.
2. Click on the “Retract” button to retract the cantilever tip.
3. Click on “Out” for “Z” and click on the “Start” button.

£ n hMove

Start

In | i I Out
977 um

4. When the cantilever has moved 0.1 to 0.2 mm away from the specimen, click
on the “Stop” button to stop the movement.
5. Turn the manual approach thumbscrew to move the specimen stage down.

Manual approach
screw

Stage moves upward

Stage moves downward
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6.8 OBSERVATION IN AC MODE (ADVANCED

In the AC mode AFM, a cantilever is vibrated in the vicinity of its characteristic fre-
guency, and the Z scanner is controlled so that the amplitude and phase of the cantilever
remain constant during scanning. Using the AC mode, AFM observation in the attractive
force range and attraction-repulsion critical range becomes possible. In this section the
procedure for AFM observation using the “Advanced” control panel is described. It is
possible to set parametersin detail on the “ Advanced” control panel but every parameter
must be set.

6.8.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-
cording to the procedurein Section 6.3.

* Isacantilever for AC mode AFM properly mounted on the cantilever holder ?

 Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is 0.3 mm or less ?

* Isthe Z stage position in the approaching-possible range ?

* Isthe “AFM” vaue of the AFM amplifier unit about OV ?

* Isthe“FFM” value of the AFM amplifier unit about OV ?

Note: After checking these points, set the indicator selection knob on the AFM amplifier
unitto “RMS.”

6.8.2 Setting Oscilloscope (option)
After setting the optional oscilloscope according to Subsection 6.3.4, set CH2 as follows.

@ Set the SELECT knob on the SPM CONTROL unit to AUX1.
The A-B signa is monitored. When the cantilever is vibrated in the AC mode, the
state of the vibration can be monitored.
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6.8.3 Setting Control Panel

1. Click on “SPM Scan” on the main menu and select “Scan...” from the pull-

down menu.
The“SPM Parameters’ window will be displayed. Click on the “ Advanced” tab.

SPM Parameters

5125512 R4
01000 ms 7 r
=
lope |—

Topography 7]
Topography 7]
Topography 7]
Topography 7]

AR

2. Set each parameter according to the following procedures.
a. Click on the “|=|” mark in the “Acquisition” selection box and select “512x

512" from the pull-down menu.

512x612 7]

01000 ms |7 =
=

Slope 7]

Noma -

TMPM42-2
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b. Click on the “|x|” mark in the “Clock/ms” selection box and select “0.1000
ms” from the pull-down menu.
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the
specimen. Here, set it to “0.1000 ms” provisionally.

c. Click on the “| =|” mark in the “STM/AFM” selection box and select “Slope”
from the pull-down menu.
This changes the SPM CONTROL unit to the AC mode.

d. Click on the “|=|” mark in the “Mode” selection box and select “Normal” from
the pull-down menu.

e. Click on “Scan Size”. When the numerical value is highlighted, enter 1 um
using the keyboard and finalize the numerical value by pressing the “TAB”
key. Or, click on the “|=| " mark in the “Scan Size” selection box and select a

numerical value near 1,000 nm.

Sgan Size  [1.000um 7]

i Offset X I[j nrm Zl:uclml
i |0 A foSetl

Montage | Achvanced |

ican Time 548 s

Note: Here, it is assumed that the standard scanner (scanning range is 10y mx 10
M m) isinstaled. In practice, set an appropriate value according to the ob-
servation areayou want to observe.
f. Click on “Bias/V.” When the numerical value is highlighted, enter 0 using the
keyboard and finalize the numerical value by pressing the “TAB” key.

Bias/

Sample |o.ooo Set Ml
Clean IO.DOO Gleanl

g. Click on the “|= " mark in the “Fback Filter/Hz" selection box and select
“1.00” from the pull-down menu.

Eeed back/Filters

Fhack Filter/Hz |1.DD 'Ij Advanu:edl
Reference™ I':"':":J':I =et

TMPM42-2 6-51



6. OPERATION

“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set value is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit easily oscillates. Usualy, set the
highest speed at which the feedback circuit does not oscillate while watching an im-
age during scanning.

h. Click on the “Advanced” button in the “Feedback/Filters” frame.
The “ Feedback/Filters Advanced” window is displayed.

Feedback Filters Advanced

[ Tip Retract at abort

Z Filter/KHz ES N Cancel |
Preamp Filter/KHz |5o "I

Preamp Gain |1 00 W/ R 'I

’*Loop Gain & Sample

Clilow 2 * 3 " High

" Hald

External
Sl [ 0
=100 I0.000 100

Select “3” of “Loop Gain.” To sdect “3,” click on the radio button to the left of “3.”
When this mark is selected, the button changes to/. The setting determines the gain
of the feedback circuit. If it is set to “High,” the response gain increases, thus
causing an uneven specimen surface to be easily observed, but the feedback circuit
easily oscillates.

I. Click on the “|x|" mark in the “Available Source 1" selection box and select
“AFM" from the pull-down menu.

—Display Source

1 ITDngraphy

z ITDngraphy

3 ITDngraphy

LedLed L e

4 ITDngraphy

Avvailable
1 [aFm |
2 |Aux 2 =
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j- Click on the “|x]” mark in the “Available Source 2" selection box and select
“Aux2” from the pull-down menu.
These two parameters are for selecting the signal input to the A/D board. Here, set
the parameters as shown above.

k. Click on the “|~|” mark in the “Display Source 1" selection box and select
“Topography” from the pull-down menu.

I. Click on “Auto” in the “Display” frame to change “0 Auto” to “CAuto.”

—Z [nput

Auto IE DO Oouplie Offset/v [0000 Setl
Tie X |

I 000 ZEL M x16 Gain W AutoSet
A IO.OO —Other Inputs

BrlghtﬂESSIODD Setl Oiff set I0.000 Setl
Contrast
ortra |?1 54.21 i T 16 Gan W AutoSet

m. Click on “x 16 Gain” in the “Z Input” frame to remove the setting.
When the setting is removed, the Omark changestoC .

N. Click on “AutoSet” in the “Z Input” frame to change “0 AutoSet” to “CAuto-
Set.”
The check boxes, 0 and [] are toggle boxes. Each time the mouse is clicked on the-
se boxes, the settings are changed. When the Omark is displayed, the parameter
item to which this mark is attached is sel ected.

The setting of various parameter items required for image observation in the AC mode
(Advanced) has so far been explained. It is summarized as shown below. If any of the
settings differs from the default setting, the normal functions may be disturbed. Check
the parameter referring to the parameter setting below.

Acquisition: 512x 512 Scan Size: lum
Clock/ms:  0.1000ms Offset X;:  Onm
Y: Onm

STM/AFM: Slope

Sample: 0.000 Fback Filter/Hz: 1.00
Clean:  0.000

Display Source Display Z Input

1: Topography 2: Topography M Auto [Ox16 Gain ™M Auto Set

3: Topography 4: Topography Other Inputs

Available Source 1: AFM [Ox16 Gain M Auto Set
2: Aux2
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Scan Advanced

Image Angle: 0.0

OAdd External X Signal Scan Filter

OAdd o Yy O ®4 High frequency
OO o z O

0o O Bias O

Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

O Tip Retract at abort ®Sample
Z Filter/kHz: 50 OHold
Loop Gain: ©3

External Offset: 0.000

6.8.4 Setting Software Oscilloscope
Set the software oscill oscope according to Subsection 6.3.3; then set CH2 as follows.

1. Click on the “&” mark in the “Oscilloscope...” button. The “Oscilloscope Con-
trol” window will open.

— Channel A —Channel B
Source ITDngraphy v| Source IAux‘] vI
Coupling ¢ AC & DC Coupling ¢ AC & DC
Sensitivity |1000 'I nm Sensitivity |5 'I W
Offset | 100 Offset | 100
1 foo i foo
=l -100 =l -100
Pause | Timebase |1O ms jv Grid M X
BErGHE | Refresh: IZOO ms 'I T
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2. Click on the “|x|” mark in the “Source” selection box in the “Channel B”
frame; then select “Aux1” from the pull-down menu.

3. Click on the “|>|” mark in the “Sensitivity” selection box in the “Channel B”
frame; then select “5” from the pull-down menu.

6.8.5 Setting VCO (Voltage-Controlled Oscillator)

TMPM42-2

Set the frequency and excitation voltage at which to vibrate the cantilever. When the
JSPM-4200 is used in the atmospheric-pressure environment, select “V CO High Output”
(D. If a specimen is observed under vacuum (after installing the optional evacuation
system), the Q value of the cantilever becomes high; the cantilever amplitude becomes
large even with a small excitation voltage. Therefore, if a large excitation voltage is
cardlessly applied to the cantilever, the cantilever might break. At first, use “0 VCO
High Output” asit is without clicking on the check box.

Described here in this Section is the parameter-setting procedure for a Si cantilever
(resonance frequency: about 300 kHz) for the AC mode, which is used in the atmos-
pheric-pressure environment. First of all, carry out a frequency sweep and locate the
resonance point of the cantilever. Continue the operation according to the following pro-
cedure.

1. Click on the “VCO” button on the “SPM Parameters” window.
The“VCO” window will open.

Frequency/KHz |29_999 Set | W WCO On QK |

Output Amp/y IO.QOO v WO Hish Freguency
[T %GO High Output
—Scan

Start Frequency/KHz |250.OOO " External VCO
= | Exterm=] ELL
Stop Freguency’KHz ISO0.000 £

Cancel

High Pass Filter/KHz 200 M
[T Phase Display
Low Pass Filter/KHz 400 M
S
il Centre Pass Filter/kKHz  |[120 M
Peak Freguency/KHz RMS-DC Output 0 -

2. Click on the check box for “VCO High Frequency” in the “VCO” window. The
box will change to “[1”
The excitation frequency has two frequency bands as shown below.

VCO High Frequency O 3 kHz to 50 kHz
O A 30 kHz to 500 kHz

3. Double-click on “Start Frequency/kHz” in the “Scan” frame and enter 250 us-
ing the keyboard.
4. Double-click on “Stop Frequency/kHz" in the “Scan” frame and enter 350 us-
ing the keyboard.
This sets the frequency sweep range to 250 to 350 kHz.
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5. Click on the “|x|” mark in the “High Pass Filter/kHz" selection box and select
“200” from the pull-down menu.
6. Click on the “|»|” mark in the “Low Pass Filter/kHz" selection box and select
“400” from the pull-down menu.
“Low Peass Filter” and “High Pass Filter” are used to cut off other frequency com-
ponents which come into the A-B signal.

High Pass Filter/kHz<Start Frequency/kHz<Stop Frequency/kHz<L ow Pass Filter/kHz
(200 kHz) (250 kHz) (350 kHz) (400 kHz)

7. Click on the “|=|" mark in the “Gain” selection box and select “10” from the
pull-down menu.

8. Double-click on “Output Amp/V” and enter 0.2 using the keyboard.

9. Double-click on “Frequency/kHz” and enter 250 using the keyboard.

Thereason “250" is entered is that, if this“Frequency/kHz" isin the vicinity of the reso-
nance point when frequency sweep is begun, some amplitude might still remain at the
resonance point even though the frequency is set to “ Start Frequency/kHz,” so the reso-
nance point might not be measured correctly. Set “ Frequency/kHz" to the same value as
“Start Frequency/kHz."

Parameter setting for VCO is summarized as follows.

Frequency/kHz: 250 VCO On
Output Amp/V: 0.2 VCO High Frequency
Start Frequency/kHz: 250 High Pass Filter/kHz: 200
Stop Frequency/kHz: 350 Low Pass Filter/kHz: 400
Gain: 10
]

“Center Pass Filter/kHz" is not used for the Slope detection method.

10. Click on the check box for “VCO On”
The box will changeto “[0" Then, the cantilever starts vibrating.

11. Click on the “Scan” button in the “Scan” frame.
Frequency sweep is actually performed, and the frequency sweep data is displayed
in the Display Window. As the “Enter image title” window will appear, click on the
“OK” button if you want to save the data. However, usualy, click on the “Cancd”
button.
The frequency sweep data roughly looks like the figure shown below.

250 300 350 f
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The vaue of the peak frequency isindicated in “Peak Frequency/kHz" in the “ Scan”

frame in the “VCO” window. If no correct data is obtained, check the following

points.

* “STM/AFM” in the “Scan” frame on the “SPM Parameters’ window is set to
“Slope.”

e The“1” and “2" selection boxes for “Available Source” in the “Display Source”
frameareset to”AFM” and “ Aux2” respectively.

* “High Pass Filter/kHz" and “Low Pass Filter/kHZ” in the “VCO” window are set
correctly.

« “VYCO On” is checked (D).

e The “SUM” vaue for the AFM AMP unit is set to about 5 V, and “AFM” and
“FFM” are both set to about O V.

« When the AUX1 (A-B) waveform is observed while increasing the CH2 gain of
the optiona oscilloscope, the waveform is a sine waveform.

After obtaining a frequency-sweep result, repeat the frequency sweep in a narrower
frequency range according to the following procedure.
12. Perform frequency sweep in the frequency range of + 10 kHz of the obtained
“Peak Frequency/kHz.”
For example, if the obtained “Peak Frequency/kHz" is 290 kHz, perform frequency
sweep again by setting “ Start frequency” and “ Stop frequency” to 280 kHz and 300
kHz respectively.
13. After performing this frequency sweep, set the excitation frequency of the
cantilever according to the following procedure.

a. Set the indicator selection knob on the AFM AMP unit to “RMS.”

b. Click on the “Set” button for “Frequency/kHz” in the “VCQO” window; the “VCO
Frequency/kHz” window will appear.

c. Enter the frequency indicated in “peak frequency” in the input box in the
“VCO Frequency/kHz" window using the keyboard.

d. Adjust the frequency using the bar chart in the “VCO Frequency/kHz" win-
dow on the higher frequency side so that the “AFM ALIGNMENT” indicator
on the AFM AMP unit indicates about 70% of the maximum output voltage at
the “Peak Frequency” obtained in the frequency sweep.

“AFM ALIGNMENT” indicates the RMS value as a hegative number. For example,
if the following datais obtained, set the RMSvalueto 8.0 Vx 0.7=5.6 V.

8O0V oo

56V [~—""""T"=7-

? 300
290 Peak Frequency

» f
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Click the mouse

/ button.
14
< \ >

N

Click on the “increase button” (arrow mark at right) while watching the indicator on

the AFM AMP unit until -5.6 V is indicated. Then, click on the “OK” button to

close the “VCO Frequency /kHZz" window.

14. Set “Reference/V” in the “Feedback Filters” frame on the “SPM Parameters”
window.

Set “Reference/V” to 50% of the maximum output voltage at the peak frequency

obtained in an ordinary frequency sweep. For example, if the data shown in the

abovefigureisabtained, set “Reference/V” sothat itis8.0Vx 0.5=4.0V.

Note: “Reference/V” is set as a negative number. The value obtained in frequency
sweep is indicated as a positive number. For example, when the voltage at
the peak frequency is+8.0 V, set “Reference/V” to 4.0 V.

6.8.6 Approaching

Move the cantilever closer to the specimen until the RMS voltage becomes the voltage
specified in “Reference/V.” The cantilever movement automatically stops when the RMS
voltage reaches the “Reference/V” voltage. The following is the procedure for ap-
proaching.

1. Click on “SPM Scan” in the main menu and select “Scan...” from the pull-
down menu. The “SPM Parameters” window will appear.

2. Click on the “Tip” button on the “SPM Parameters” window. The “Tip” window
will appear.

Tip

Approach On | —Approach Conditions————————————— Ok
Tip Retract [ References I_Q-OOO Cancel

Feedback Eeedback Fiter/Hz 1200 M Advanced

il

Position

High Bias [

3. Set each parameter according to the following procedure.

a. Double-click on the “Reference/V” input-box. When the numerical value in
the box is highlighted, enter the setting value using the keyboard. Press the
“TAB” key on the keyboard to finalize the value.

For the value to be given to “ Reference/V,” refer to Subsection 6.8.5-Step 14.

b. Click on the “|= " mark in the “Feedback Filter/Hz” selection box and select
“2.00” from the pull-down menu.

Now, the Reference/V voltage and the response speed of the feedback circuit, which
are used for approaching, have been determined. To prevent the cantilever from
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colliding with the specimen, set “ Feedback Filter/HZz" to a value higher than that for
image observation.
C. Confirm that “Sample” in the “Feedback” line is selected (marked 7). If
“Hold” is selected (marked "), click on the radio button for “Sample.”
d. Click on the “I mark for “Tip Retract” to deselect Tip Retract (the mark
changes to ‘0 ").
4. Confirm the following points before performing approaching.
» The voltage applied to the Z scanner is +150 V.
Check the voltage applied to the Z scanner using CH1 of the optional oscilloscope
or Channel A (red) of the software oscilloscope. When checking it with the oscil-
loscope, read the CH1 voltage as 10 times the voltage displayed. For example, if
the displayed voltage is +15 V with the 5 V/div scale, the actual voltageis+150 V.
When it is checked with the software oscilloscope, the vertical axis indicates not
voltage but scanner displacement in nm depending upon the Z sengitivity of the
scanner. With the standard scanner 3y m corresponds to 1500nm or more.

If the voltage applied to the Z scanner does not reach +150 V, it is judged that the
approaching has already been completed. So, approaching will not start even if the
“Approach On” button is clicked on. In such a case, check the following points.
« Make surethat “Loop Gain” isnot set to “Low.”
“Loop Gain” must be set to the 2nd position or higher. If it is set to “Low,” the
gain of the feedback circuit is so small that the feedback voltage is not supplied
until it reaches +150 V.
» Make sure that “Feedback” is not set to “Hold.”
“Sample’ on the “Feedback/Filters Advanced” window (opened when you click
on the “Advanced” button in the “Feedback Filters’ sub-frame on the “SPM Pa-
rameters’ window) must be selected (“/"). If “Hold” is selected, the feedback cir-
cuit isfixed with a certain voltage and does not function.
» Make sure that the RMS value indicated on the AFM AMP unit is not near the
value set in “Reference/V.”
If the RMS value is near that set in “Reference/V,” it is judged that approaching
has already been completed. The following two reasons can be considered.
1. The amplitude of the cantilever vibration has become small.
If the cantilever tip is fairly close to the specimen surface, the cantilever am-
plitude could become small due to the attracting force of the specimen or the
electrostatic force acting between the specimen surface and the cantilever tip,
thus resulting in decreasing the RM S value down to nearly the “Reference/V”
value. In such a case, change the “Reference/V” value to an even smaller value
(nearly 0 V), or try to readjust VCO (Subsection 6.8.5) under the “Retract Off”
condition.
2. Approaching has already been completed, or the cantilever tip has collided
with the specimen.
Retract the cantilever tip from the specimen using the manua approach screw.
Then, try to readjust according to Subsection 5.2.3 “Rough Approaching.” In
this case, the Z voltage indicates —150 V even under the “Retract Off” condi-
tion.
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5. Click on the “Approach On” button on the “Tip” window.

The motor for approaching starts to rotate and automatically stops when the RMS

value becomes the same as the value set in “Reference/V.” Confirm if approaching

has completed, using the indicator of the AFM AMP unit, the oscilloscope or the
software oscill oscope.

* When confirming the completion of approaching with the indicator of the AFM
AMP unit, check whether the AFM value has become a value near to the “ Refer-
ence/V” value (the AFM value does not necessarily become exactly the same as
the “Reference/V” value).

« When confirming it with the oscilloscope or the software oscilloscope, check that
the Z voltage (CH1 or Channel A (red)) has come closer to 0 V than the position
where it was when approaching started, and also check, using the software oscil-
loscope, that the RMS voltage (Channel B (blue)) has become near the “Refer-
ence/V” vaue.

6. Click on the “Approach Off” button in the “Tip” window.

Image Observation

When approaching has completed, carry out scanning.

B Starting scanning

@ Click on the “Repeat” button in the “Scan” frame in the “SPM Parameters” win-
dow.

Scanning will start and an image will appear in the Display Window.
In the Contact mode, an important factor for obtaining a high-quality image is the
distance between the specimen surface and the cantilever tip. If this setting is inap-
propriate, not only can a quality image not be obtained, but also the specimen and
the cantilever may be damaged. The distance between the specimen and the cantile-
ver tip is set with “Reference/V.”

Generally, the scanning speed for the AC mode is one step slower than that for the con-
tact mode, even for the same scanning range.

B Setting Reference/V

TMPM42-2

Usually, change the “Reference/\VV” value little by little from the value for approaching
toward O V (closer to the specimen surface) while watching the image, and set it to the
value that produces the best quality image. During scanning, the RMS indication may
vary. If the RMS vaue indicates —5.6 V, it means that the cantilever tip is too far from
the specimen surface. If the RMS value indicates 0 V, it means that the cantilever tip has
collided with the specimen surface.

Other general cautions, grabbing, storing and processing of an image are detailed later in
this manual .

Note: When changing the observation mode from the AC mode to other modes such as
contact mode or STM, be sure to deselect “VCO On” in the “VCO” window. If
“VCO On” is selected, the cantilever excitation voltage (sine wave) is continu-
ously applied, thus possibly causing unexpected noise.
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6.8.8 FM Detection Method

In the JSPM-4200, image observation in the AC mode is usually performed by the Slope
detection method (RMS-DC), but the FM detection method can be aso used for it. In the
FM detection method, vibration of the cantilever is driven by positive feedback oscilla-
tion, so image observation must be performed in a vacuum environment. Therefore, it is
necessary to use the optional Vacuum Evacuation System. The Q-value becomes high
enough in a vacuum environment so that the cantilever can be oscillated with positive
feedback. The FM method has higher sensitivity and higher resolution for a flat speci-
men having a narrow observation area, but has less stability, than the Slope detection
method.

The following is the procedure for image observation by the FM detection method.

6.8.8a Cantilever characteristic frequency peak search

1. Click on the “|x|” mark in the “STM/AFM" selection box in the “Scan” frame
on the “SPM Parameters” window and select “Slope” from the pull-down
menu.

2. Click on the “| =" mark in the “Available Source 1" selection box in the “Dis-
play/Source" frame on the “SPM Parameters” window and select “AFM” from
the pull-down menu.

3. Click on the “VCO” button in the “SPM Parameters” window. The “VCO” win-
dow will open.

4. Double-click on “Output Amp/V” and enter 0.1 using the keyboard.

Note: Confirm that the OSC switch on the rear of the AFM AMP unit isset to “L.”
When it is, the amplitude of the actua excitation voltage becomes 1/10 of
the set value. Therefore, the excitation voltage becomes 0.01 V.

5. Set “High Pass Filter” and “Low Pass Filter” according to the characteristic
frequency of the cantilever, and set “Gain” to 10.

Note: If “High Pass Filter” is set to 10 kHz and “Low Pass Filter” to 600 kHz,
there would be no inconvenience in performing routine measurement.
“Gain” isthe gain of the RMS value. Set it to 10 (that is, 10 times) for routi-
ne measurement.

6. Check the check box of “VCO High Frequency” according to the characteristic
frequency of the cantilever.

Note: Low Frequency (thereisno check mark (“00”)) - 3 kHzto 50 kHz
High Frequency (thereisacheck mark (“[0")) — 30 kHz to 500 kHz

7. Set “Start Frequency/Hz” and “Stop Frequency/Hz” in the “Scan” frame.

Note: A span of about 100 kHz centering around the characteristic frequency of the
cantilever is an appropriate range to input.

8. Check the check box of “VCO On” and click on the “Scan” button.

The frequency-dependence curve of cantilever vibration amplitude by forced oscil-
lation will be displayed and the peak frequency will be indicated under “ Stop Fre-
guency/Hz" in the “Scan” frame. For image observation by the FM detection
method, remove the check mark from the check box of “VCO On.”

It is possible to check the cantilever resonance frequency for the FM detection method
and set the center frequency for the FM detection method, using the curve and the peak
value obtained through the operations described above. Moreover, it is possible to de-
termine the forced frequency for the Slope detection method.
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The forced frequency in the Slope detection method is the value obtained when shifting
the frequency from the peak value to a slightly higher value (the frequency at which the
amplitude becomes about a half of the amplitude at the peak frequency; however, it can-
not be set in a vacuum environment). For image observation by the Slope detection
method, set the forced frequency in the input box of “Frequency/kHz.” Then, set “ Output
Amp/V” to an appropriate value while watching the RMS vaue of the AFM AMP unit
or the Aux 1 (A-B/A+B) signal. Set the vaue of “Output Amp/V” in such away that the
“Output Amp/V” waveform does not become triangular, taking it into account that the
RMSvalue (Gainx 10) isabout -5V or less.

6.8.8b Adjustment of Positive Feedback Oscillation (FM Detection Method)

In the case of image observation by the FM detection method, if you already know the
characteristic frequency of the cantilever, you can omit the operation in Subsection
6.8.8a “ Cantilever characteristic frequency peak search” and can proceed directly to the
following operation.

1. Turn the OSC AMP knob on the AFM AMP unit counterclockwise (down to O
(zero) on the dial).

2. Click on “STM/AFM” in the “Scan” frame on the “SPM Parameters” window.
The “STM/AFM” window will open. Click on the “| > " mark in the “STM/AFM”
selection box and select “FM” from the pull-down menu.

3. Set the SELECT knob of the SPM CONTROL unit to “AUX1” and monitor the
(A-B) signal using CH2 on the oscilloscope.

Note: Set the vertical-axis range of the oscilloscope to a small value such as 50
mV/O div.

4. Slowly turn the OSC AMP knob on the AFM AMP unit clockwise and stop
turning it when the (A-B) signal begins to oscillate.

Note: If no oscillation is observed even with three revolutions of the OSC AMP
knob, turn the knob back to its original position (turn it counterclockwise to
“0") and change the POLARITY switch to the opposite side (NORMAL or
INVERSE); then repest this step.

5. After confirming that the (A-B) signal is oscillating, turn the PHASE knob on
the AFM AMP unit so that the oscillation amplitude becomes a maximum.

Note: If the maximum amplitude is likely to exceed 2 Vp-p, turn the OSC AMP
knob counterclockwise so as to reduce the amplitude.

CAUTION

The waveform will change from sine to triangular when the amplitude
exceeds about 2 Vp-p. If you maintain this triangular waveform for a
long time, the cantilever might break.

6. Adjust the oscillation amplitude with the OSC AMP knob to the minimum level
at which the (A-B) signal oscillates even when the POLARITY switch is turned
to its original position after changing it to the opposite side to stop the oscilla-
tion.

Note: The purpose of this operation isto minimize the damage to the specimen that
might occur during tip approach.
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7. Click on the “VCO” button on the “SPM Parameters” window, and the “VCO”
window will open.

8. Click on the “|=|” mark in the “FM Center Frequency/kHz" selection box and
select the value nearest to the cantilever characteristic frequency from the
pull-down menu.

9. Set the indicator selection knob on the AFM AMP unit to “FMD” and adjust the
FMD knob so that the indicator on the AFM AMP unit displays about —6 V.

Note: When you turn the FMD knob clockwise, the numerical value on the indi-
cator increases. However, the range within which the numerica value
changesis so small that it only changesin about ten revolutions of the knob.

10. Turn the SELECT knob on the SPM CONTROL unit back to “AFM.”

Note: Since the oscillation amplitude on the oscilloscope is very small, noise of

about 1V may be observed on the oscillation waveform.

6.8.8c Parameter setting for image observation

Parameter setting for the FM detection method is almost the same as that for the Slope
detection method. In the FM detection method, the scanning speed is slower and the set-
ting range of “Reference/V” is narrower (5.5 to —6.0 V) than those for the Slope detec-
tion method. Parameter setting for the FM detection method is summarized as follows.

Acquisition; 512x 512 Scan Size: lum
Clock/ms:  0.1667ms Offset X:  Onm
Y: Onm
STM/AFM: FM
Sample: 0.000 Fback Filter/Hz: 1.00
Clean:  0.000 Reference/V: -5.5
Display Source Display Z Input
1: Topography 2: Topography M Auto Mx16 Gain M Auto Set
3: Topography 4: Topography Other Inputs
Available Source 1: AFM OOx16 Gain M Auto Set
2: Aux2
Scan Advanced
Image Angle: 0.0
JAdd External X Signal Scan Filter
JAdd o Y @O ®4 High frequency
Ood O z O
Ooo O Bias [
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Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

O Tip Retract at abort
Z Filter/kHz: 50
Loop Gain: ©3
External Offset: 0.000

®Sample
OHold
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6.9 OBSERVATION IN CONTACT MODE (ADVANCED

In the contact-mode AFM, observation is performed in a range where a repulsive force
acts between a cantilever tip and a specimen.

Described in this Section is the procedure for AFM observation using the “ Advanced”
control panel. It is possible to set parameters in detail on the “ Advanced” control panel
but every parameter must be set.

6.9.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-

cording to the procedure in Section 6.3.

 Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is 0.3 mm or less ?

* Isthe Z stage position in the approaching-possible range ?

* Isthe “AFM” vaue of the AFM amplifier unit about -2.0V ?

* Isthe“FFM” value of the AFM amplifier unit about OV ?

After checking these points, set the indicator selection knob on the AFM amplifier unit

to“AFM.”

6.9.2 Setting Up Oscilloscope (option)

After setting up the optional oscilloscope according to Subsection 6.3.4, set CH2 as fol-
lows.

€ Set the SELECT knob on the SPM CONTROL unit to “AUX1.”
Then, the (A-B) signal can be monitored.

6.9.3 Setting Control Panel

Start the system according to the starting procedure in Subsection 6.2.1 “System
Startup.”

1. Click on “SPM Scan” on the main menu and select “Scan...” from the pull-

down menu.
The“SPM Parameters’ window will be displayed. Click on the “Advanced” tab.

2. Set each parameter according to the following procedures.
a. Click on the “|=|” mark in the “Acquisition” selection box and select “512x

512" from the pﬁll—down menu.

Acguisition |51 2x512 j
Clock/ms  [01000 ms 7| =

ST A FR IGDntact *I
hode INDrmaI vI

Tip Welocity 187 umds = ut:
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b. Click on the “|x|” mark in the “Clock/ms” selection box and select “0.1000
ms” from the pull-down menu.
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the
specimen. Here, set it to “0.1000 ms” provisionally.

c. Click on the “|=|”" mark in the “STM/AFM” selection box and select “Contact”
from the pull-down menu.
This changes the SPM CONTROL unit to the Contact mode.

d. Click on the “|=|” mark in the “Mode” selection box and select “Normal” from
the pull-down menu.

e. Click on “Scan Size”. When the numerical value is highlighted, enter 1 um
using the keyboard and finalize the numerical value by pressing the “TAB”
key. Or, click on the “|=| " mark in the “Scan Size” selection box and select a

numerical value near “1,000 nm.”

Sgan Size  [1.000um 7]

i Offset X I[j nrm Zl:uclml
i |0 A foSetl

Montage | Achvanced |

ican Time 548 s

Note: Here, it is assumed that the standard scanner (scanning range is 10y mx 10
g m) isinstaled. In practice, set an appropriate value according to the ob-
servation areayou want to observe.
f. Double-click on “Bias/V.” When the numerical value is highlighted, enter 0
using the keyboard and finalize the numerical value by pressing the “TAB”
key.

Bias/

Sample |o.ooo Set Ml
Clean IO.DOO Gleanl

g. Click on the “|= " mark in the “Fback Filter/Hz" selection box and select
“1.00” from the pull-down menu.

Eeed back/Filters

Fhack Filter/Hz |1.0D 'lj f‘-\dvancedl
Referencesy ID'OOO 0000

“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set value is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit becomes prone to oscillation. Usually,
while watching an image during scanning, set the highest speed at which the feed-
back circuit does not oscillate.
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h. Double-click on “Reference/V.” When the numerical value is highlighted,
enter 0 using the keyboard and finalize 0 by pressing the “TAB” key.
The force acting between the specimen surface and the cantilever tip is set with
“Reference/V.” You have to change the “ Reference/VV” value while watching an im-
age during scanning. Here, set it to “0.000” provisionally.

i. Click on the “Advanced” button in the “Feedback/Filters” frame.
The “ Feedback/Filters Advanced” window is displayed.

Feedback Filters Advanced

[ Tip Retract at abort

Z Filter/KHz ES N Cancel |
Preamp Filter/KHz |5o "I

Preamp Gain |1 00 W/ R 'I

’*Loop Gain & Sample

Clilow 2 * 3 " High  Hald

External
Sl [ 0
=100 I0.000 100

Select “3" for “Loop Gain.” To select “3,” click on the radio button to the left of
“3.” When this mark is selected, the button changes to/. The setting determines the
gain of the feedback circuit. If it is set to “High,” the response gain increases, thus
causing an uneven specimen surface to be easily observed, but the feedback circuit
becomes prone to oscillation.

j- Click on the “|x|” mark in the “Available Source 1” selection box and select
“AFM.”

—Display Source
1 ITDngraphy j
2 ITDngraphy j
4 ITDngraphy j
4 ITDngraphy j

Avvailable
1 [aFm |
2 |Aux 2 =

k. Click on the “|= " mark in the “Available Source 2" selection box and select
“Aux2.”
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These two parameters are for selecting the signal to be input to the A/D board. Here,
set the parameters as shown above.

. Click on the “|=|” mark in the “Display Source 1" selection box and select

“Topography.”

. Click on “Auto” in the “Display” frame to change “0 Auto” to “UAuto.”

— £ [nput
D Conpiie Offset/ v |D.ODD Setl
Tilt *
' |0.00 Setl [T x16 Gain ¥ AutoSet

Ay I0.0D
Brightnesslo_@o El
Contrast |?1 2421 A

— Other [nputs

Off et I0.000 Setl

[ =16 Gain W AutoSet

. Click on “x 16 Gain” in the “Z Input” frame to deselect the setting.

When the setting is deselected, the Omark changesto o .

. Click on “Auto Set” in the “Z Input” frame to change ‘O Auto Set” to “[JAuto

Set.”
The check boxes, 0 and [J are toggle boxes. Each time the mouse is clicked on
these boxes, the settings are changed. When the Omark is displayed, the parameter

item to which this mark is attached is sel ected.

The setting of various parameter items required for image observation in the Contact
mode (Advanced) has so far been explained. It is summarized as shown below. If any of
the settings differs from the setting shown in the table, the normal functions may be dis-
turbed. Check the parameters referring to the parameter setting below.

Acquisition: 512 x 512 Scan Size: lum
Clock/ms:  0.1000ms Offset X: Onm
Y: Onm

STM/AFM: Contact

2: Aux?2

Sample: 0.000 Fback Filter/Hz: 1.00

Clean:  0.000 Reference/V: 0.000

Display Source Display Z Input

1: Topography 2: Topography M Auto Ox16 Gain M Auto Set
3: Topography 4: Topography Other Inputs

Available Source 1: AFM Ox16 Gain M Auto Set
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Scan Advanced

Image Angle: 0.0

OAdd External X Signal Scan Filter

OAdd o Yy O ®4 High frequency
OO o z O

0o O Bias O

Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

O Tip Retract at abort ®Sample
Z Filter/kHz: 50 OHold
Loop Gain: ©3

External Offset: 0.000

6.9.4 Setting Software Oscilloscope
Set the software oscill oscope according to Subsection 6.3.3; then set CH B asfollows.

1. Click on the “&” mark in the “Oscilloscope...” button. The “Oscilloscope Con-
trol” window will open.

— Channel A —Channel B
Source ITDngraphy v| Source IAux‘] vI
Coupling ¢ AC & DC Coupling ¢ AC & DC
Sensitivity |1000 'I nm Sensitivity |5 'I W
Offset | 100 Offset | 100
1 foo i foo
=l -100 =l -100
Pause | Timebase |1O ms jv Grid M X
BErGHE | Refresh: IZOO ms 'I T
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2. Click on the “|x|” mark in the “Source” selection box in the “Channel B”
frame; then select “Aux1” from the pull-down menu.

3. Click on the “|>|” mark in the “Sensitivity” selection box in the “Channel B”
frame; then select “5” from the pull-down menu.

Then, the (A-B) signal can be monitored. The (A-B) signal output can be up tot 15V
maximum.

6.9.5 Approaching

TMPM42-2

Move the cantilever closer to the specimen until the A—-B (AFM) voltage becomes the
voltage specified in “Reference/V.” The cantilever movement automatically stops when
the A-B voltage reaches the “Reference/VV” voltage. The following is the procedure for
approaching.

1. Click on “SPM Scan” in the main menu and select “Scan...” from the pull-
down menu. The “SPM Parameters” window will appear.

2. Click on the “Tip” button on the “SPM Parameters” window. The “Tip” window
will appear.

Tip

Approach On | —Approach Conditions———————————— Ok
Tip Eetract [ References"/ IO-OOO Cancel

Feedback & Eamplel

e | Feedoack Filter/Hz 1200 T Advanced
£ Hold

il

Bosition
High Bias r —

3. Set each parameter according to the following procedures.

a. Double-click on the “Reference/V” input box. When the numerical value in
the box is highlighted, enter 0 using the keyboard. Press the “TAB” key on
the keyboard to finalize the value (“0").

b. Click on the “|= " mark in the “Feedback Filter/Hz” selection box and select

“2.00” from the pull-down menu.
Now, the Reference/V voltage and the response speed of the feedback circuit, which
are used for approaching, have been determined. To prevent the cantilever from
colliding with the specimen, set “ Feedback Filter/HZz" to a value higher than that for
image observation.

C. Confirm that “Sample” on the “Feedback” line is selected (marked 7). If
“Hold” is selected (marked "), click on the radio button for “Sample.”

d. Click on the “T mark for “Tip Retract” to deselect Tip Retract (the mark
changes to ‘0 ").

4. Confirm the following points before performing approaching.
« The voltage applied to the Z scanner is+150 V.
Check the voltage applied to the Z scanner using CH1 of the optional oscilloscope
or Channel A (red) of the software oscilloscope. When checking it with the oscil-
loscope, read the CH1 voltage as 10 times the voltage displayed. For example, if
the displayed voltage is +15 V with the 5 V/div scale, the actual voltage is +150
V.
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When it is checked with the software oscilloscope, the vertical axis indicates not
voltage but scanner displacement in nm depending upon the Z sengitivity of the
scanner. With the standard scanner, 3y m corresponds to 1500nm.

If the voltage applied to the Z scanner does not reach +150 V, it is judged that the
approaching has already been completed. So, approaching will not start even if the
“Approach On” button is clicked on. In such a case, check the following points.

« Make surethat “Loop Gain” isnot set to “Low.”

“Loop Gain” must be set to the 2nd position or higher. If it is set to “Low,” the

gain of the feedback circuit is so small that the feedback voltage is not supplied

until it reaches +150 V.

» Make sure that “Feedback” isnot set to “Hold.”
“Sample’ on the “Feedback/Filters Advanced” window (opened when you click
on the “Advanced” button in the “Feedback Filters’ subframe on the “SPM Pa-
rameters’ window) must be selected (“/"). If “Hold” is selected, the feedback cir-
cuit isfixed with a certain voltage and does not function.
» Make sure that the AFM value indicated on the AFM AMP unit is not near O V.
If the AFM valueisnear 0V, it isjudged that approaching has already been com-
pleted. The following two reasons can be considered.
1. The photodiode position has changed.
Readjust the photodiode position according to the procedure in Subsection
5.2.2 “ Adjusting Photodiode Position.”
2. Approaching has aready been completed, or the cantilever tip has collided
with the specimen.
Retract the cantilever tip from the specimen using the manual approach
thumbscrew. Then, try to readjust according to Subsection 5.2.3 “Rough
Approaching.”

When the cantilever tip getsfairly close to the specimen surface, the electrostatic

force acting between the specimen surface and the cantilever tip might affect the

cantilever, thus sometimes making approaching impossible. Most of such cases
are due to an electrogtatic force. Try the following steps.

» Change the cantilever to a hard one (a cantilever with a high resonance fre-
guency).

» Change the cantilever to a conductive one (a S cantilever or a cantilever with
both sides gold-coated), and use a non-contact cantilever holder. A non-
contact cantilever holder is virtually-grounded via the operational amplifier in
the SPM head unit.

» Add abias voltage to “ Sample.”

* Try to change the bias voltage to be added to “Sample” from 0 V to both posi-
tive and negative va ues.

» Make sure that good conductivity is kept between the specimen and the speci-
men stub. Affix the specimen to the specimen stub using a conductive tape or
conductive paste (Datite). If possible, apply the conductive paste not only to the
surface but to the side of the specimen aswell.
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Specimen

‘ / .
\ <\ Conductive paste
L Specimen stub

If the specimen is an insulating material, make the specimen smaller or coat the
masked observation area of the specimen with gold or any other suitable metal.
Then, stick the specimen onto the stub as shown in the above figure.

5. Click on the “Approach On” button on the “Tip” window.

The motor for approaching starts to rotate and automatically stops when the RMS

value becomes approximately the same as the vaue set in “Reference/V.” Confirm

if approaching has completed, using the indicator of the AFM AMP unit, the oscil-
loscope or the software oscill oscope.

* When confirming the completion of approaching with the indicator of the AFM
AMP unit, check whether the AFM value has become near the “Reference/VV”
value (the AFM value does not necessarily become exactly the same as the “ Ref-
erence/V” vaue).

* When confirming it with the oscilloscope or the software oscilloscope, check that
the Z voltage (CH1 or Channd A (red)) has come closer to 0 V than the position
where it was when approaching started, and also check that the Aux1 voltage (the
(A-B) voltage: CH2 or Channel B (blue)) has become a value near the “Refer-
ence/V” value (0 V).

6. Click on the “Approach Off” button in the “Tip” window.

When approaching has completed, the indicator on the AFM AMP unit suddenly

changes from the value during approaching (—2.0 V) to the “Reference/VV” vaue (0

V). This phenomenon is called “Jump-in.” If approaching finishes as the indicator

on the AFM AMP unit slowly changes to 0 V, approaching may not have been cor-

rectly performed. In such a case, even though you try to measure a force curve (de-
scribed later), you cannot obtain the force curve data, nor can you obtain the force
curve image, either.

The possible reasons for this are the electrogtatic force and interference of laser

beams reflected on the specimen surface. For the former, take remedial measures as

described in step 4 above. For the latter, readjust the photodiode position according
to the procedure in Subsection 5.2.2 “Adjusting Photodiode Position”; click on the

“Approach Off” button in the “Tip” window; then, click on the “Approach On”

button in the “Tip” window again.

If approaching stops before the indicator on the AFM AMP unit indicates the “ Ref-

erence/V” value (0 V), it is judged that the seeming state of approaching having

completed occurred due to unexpected electrical noise or something like that. In this
case, click on the “Approach Off” button in the “Tip” window; then, click on the

“Approach On” button again.
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You may hear an oscillation sound coming from the instrument when approaching is
completing. This is because the setting of the feedback filter is so fast that it oscil-
lates. To stop the oscillation sound, click on the “ Approach Off” button in the “Tip”
window. Then, the feedback filter value is returned to normal scanning specified in
the “ Feedback/Filter” frame in the “SPM Parameters’ window. If the sound contin-
ues, click onthe” | =|” mark in the “Feedback Filter/Hz" selection box and select a
slow filter (asmaller value) from the pull-down menu.

6.9.6 Image Observation

When approaching has completed, carry out scanning.

B Starting scanning

@ Click on the “Repeat” button in the “Scan” frame in the “SPM Parameters” win-
dow. Scanning will start and an image will appear in the Display Window.

Note: In the Contact mode, the setting of the repulsive force acting between the speci-
men surface and the cantilever tip plays an important role in obtaining a quality
image. If this setting isinappropriate, not only can a quality image not be obtained,
but also the specimen and the cantilever may be damaged. The repulsive force
acting between the specimen surface and the cantilever tip is set with “Refer-
ence/V.”

B Setting Reference/V

The more negative “Reference/V” is, the smaller the repulsive force become. The more
positive “Reference/V” is, the larger the repulsive force becomes. If approaching is per-
formed under the condition of the “Reference/VV” value set to —2 V, changing “Refer-
ence/V” to the repulsive force side in excess of —2 V might sometimes make the cantile-
ver tip go away from the specimen surface, thus resulting in forming no image.

In the case of the Contact mode, generally, scanning is performed in the domain of a
small repulsive force to avoid damaging the specimen. Then, set “Reference/V” to the
position where the cantilever tip and the specimen surface become closest to each other.
However, in the case of a specimen having large unevenness or a specimen having alow
contrast due to materials attached to the specimen surface, scanning with a little larger
repulsive force (on the plus (+) side of “Reference/VV”) would produce a good result.

Change the “Reference/VV” value gradually from the value for approaching toward 0 V
(closer to the specimen surface) while watching the image, and set it to the value that
produces the best-quality image.

Other general cautions, grabbing, storing and processing of an image are detailed later in
this manual .
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6.9.7 Force Image Observation

TMPM42-2

The image observation in the contact mode that has been explained so far in this Section
is the constant-force mode used to observe the topography of a specimen while keeping
the repulsive force constant. In this mode it is also possible to observe a Force image (an
atomic-force image) by obtaining the movement of the cantilever as an image while
keeping the distance between the cantilever and the specimen constant. The following is
the procedure for observing a Force image.

1. Carry out approaching according to the procedures in Subsections 6.4.1
through 6.4.5.
Note: If approaching has already been completed, this operation is not necessary.
2. Click on the “| =" mark in the “Display Source 1" selection box in the control
panel and select “Aux1” from the pull-down menu.

— Display Source

z ITDngraphy j
3 ITDngraphy j
4 ITDngraphy j

Available
1 |Arm =
2 |Aux 2 =

3. Click on the “|=|” mark in the “Fback Filter/Hz” selection box and select “0.5”
from the pull-down menu.
Usually, a Force image is observed by applying a very slow feedback while keeping
the height constant. Use a slower response for the feedback than that used for ob-
serving atopography image.
4. Carry out phase observation according to the procedure in Subsection 6.4.6
“Image Observation.”

6-74



6. OPERATION
| CONTENTS

6.10 FORCE CURVE MEASUREMENT (ADVANCED

A force acting between the specimen surface and the cantilever tip is measured from the
bending of the cantilever while varying the distance between the specimen surface and
the cantilever tip in the contact mode. This measurement is called “Force Curve’ mess-
urement. The following is the procedure for Force Curve measurement.

6.10.1 Measurement Method

The procedure up to approaching is exactly the same as that for the measurement method
in the contact mode.

1. Perform approaching according to the procedures in Subsections 6.5.1 to
6.5.4.
Confirm that approaching has been properly performed.
2. Click on the “|»|" mark in the “SPM Scan” selection box in the main menu
and select “Scan...” from the pull-down menu.
The“SPM Parameters’ window will open.
3. Set each parameter according to the following procedures.
a. Click on the “|=|” mark in the “Acquisition” selection box and select “Force
Curve” from the | pull-down menu.

Acguisition  [ISal=lM e

Clock/ms  [0.0667 ms J:I
SThaS AR ICDntac:t l
fiocle INDrmaI 'I

Tip Welocity 0000 nrmds =1

b. Click on “SPS Param.”
The " SPS Parameters” window will be displayed. Click on the “FC” tab.

SPS Parameters

v |sv  FCc is |Fre |

Tip Displacement /nm IEO0.000
Tip Cffset Snm % I0.000

Ramp Direction = |p=>0ut
& Dut—>ln

Mo to Average |1 vl
Source IAUX 1 vI

Close |

TMPM42-2 6-75



TMPM42-2

=h

g.

6. OPERATION

Double-click on “Tip Displacement/nm” on the “F-C” window and enter the
maximum value of the scanner Z scanning range using the keyboard.

When the standard scanner (10y mx 10y mx 3y m) isingtaled, enter about 1,500
nm (the total scanning range in Z direction is 3,000 nm, because the value input is
the limit of the scan in both the positive and negative directions). In practice, how-
ever, eve if avalue exceeding the scanner Z scanning range is entered, the software
automatically calculates and indicates the maximum possible value.

Double-click on “Tip Offset/nmz " and enter O using the keyboard.

Set “Ramp Direction” to “Out - In” {).

Click on the “| =" mark in the “No to Average” selection box and select “1”
from the pull-down menu.

Click on the “| = " mark in the “Source” selection box and select “Aux1” from

the pull-down menu.

The setting of various parameter items required for image observation in the Contact
mode (Advanced) has so far been explained. It is summarized as follows.

Acquisition: Force Curve

Tip Displacement/nm: Maximum value
Tip Offset/nm + : 0

Ramp Direction: Out - In

No to Average: 1

Source Auxl

4. Click on “Repeat” on the “SPM Parameters” window.

The Force Curve will be measured and displayed on the Display Window.

* To grab the measured Force Curve, click on the “Grab” button during the measure-

ment.

* To change the display style of the Force Curve, change it on the “Plot Parameters’

menu of “Display” after grabbing the Force Curve.

« If the Force Curve goes out of the linear region and becomes saturated in the repul-

sive-force domain, as shown below, it means that the measurement has been attempted
outside the measurable range of the detector and the A/D converter (+ 10 V). In such
acase, change the “Tip Displacement/nm” value in the “ SPS Parameters’ window to a
smaller value.

«a—— Saturated

X
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* The relationship among “Tip Displacement/nm,” “Tip Offset/nm” and “ Reference/V”
is shown in the figure below.

-«—Reference/V

N

-l oy

- Tip Displacement g

—Tip offset

Therefore, when the “ Reference/VV” value is set to 0 V, feedback is carried out at the
point where the Force Curve crossesthe 0 V axis.

* If the Force Curve is not obtained correctly, it usualy means that approaching has not
been properly performed. If curves such as the one shown below are obtained, check
whether approaching has been properly performed according to Subsection 6.4.5 “Ap-
proaching.”

If the data obtained is something like the above, that means that the cantilever tip has
not yet approached the specimen surface.

6.10.2 Measuring Force Curve at Specified Position

The Force Curve measurement described in Subsection 6.10.1 is carried out at the top-
left corner of theimage.

Max Scan Size

Force Curve
measurement
position
Max Scan Size ;
Scan|[Size
Scan Size When Offset is X 0
v YO
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In practice, however, the Force Curve measurement is often carried out at a certain speci-
fied point in an observed image, when image observation is performed in the contact
mode. The following is the procedure for specifying the Force Curve measurement point.

1. Observe an image and grab it according to Section 6.5 “Observation by Con-
tact Mode (Advanced).”
2. Set the parameters according to Subsection 6.10.1 “Measurement Method.”
3. Click on the “Tip” button in the “SPM Parameters” window.
The “Tip” window will open.

T

Approach On | —Approach Conditions—————————————— Ok
Tip Retract [ References/V' IO-OOO Cancel

Feedback Feedback Filter/Hz 1200 M Advanced

il

Position

Hizgh Bias I

4. Click on the check box for “Tip Retract” (D).

5. Click on the “Position” button in the “Tip” window.
The “Tip” and “SPM Parameters’ windows will close and the “Tip position” win-
dow will open. Move the cursor to “Display Window”; then, the cursor changesto a
hand mark.

/— Cantilever position
@< Mouse cursor

6. Move the cursor to the cantilever position (“+”); press the left mouse button;
drag it to the point where the Force Curve is to be measured while pressing
the mouse button.

Force Curve

/ measurement
point

+

O
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The cantilever is actually moving in real time during the cursor dragging, so be sure
to drag the “+" mark slowly enough.
7. After placing the “+” mark at the measurement point, press the right mouse-
button.
The“SPM Parameters’ and “Tip” windows will appear again.
8. Release “Tip Retract” by clicking on the Omark for “Tip Retract”; the mark
changesto ‘0 .”
9. Click on the “Repeat” button on the “SPM Parameters” window.

Note: If the measurement point is changed by this method, the changed point becomes
the initial position for the cantilever. So, when the measurement has been com-
pleted or “Abort” has been performed, the cantilever tip returns to this initial po-
sition.
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6.11 FFM OBSERVATION (ADVANCED

In the ordinary contact mode AFM, the scanning direction is parald to the cantilever
axis as shown in the left figure below. In the FFM image observation, on the other hand,
the scanning direction is orthogonal to the cantilever axis as shown in the right figure
below. The cantilever is twisted during scanning due to the friction force acting between
the specimen surface and the cantilever tip. The FFM measures the friction force of the
specimen surface from this torsion of the cantilever.

Scanning direction
i E Cantilever

e AAA T
—_—
—_—
< <
|
|
|
i ‘
—_—
Ordinary contact mode FFM

The following is the procedure for observing an FFM image in the contact (advanced)
mode.

1. Carry out the procedures in Subsections 6.5.1 through 6.5.5.
2. Set the parameters for observing an FFM image according to the following

procedure.
a. Click on the “|=| " mark in the “Acquisition” selection box in the “Scan” frame

and select “2 Inputs” from the pull-down menu.

Two images are acquired and displayed simultaneously with this operation. When
an FFM image is observed, a topography image is also acquired so as to be com-
pared with an FFM image.

Acquisition [EEIETe A
Clack/ms  [0.1000 ms jﬂ
ST/ AFR IODntaGt "'l

Iode Im

Tip Welocity 185 um/s o

b. Click on the “Advanced” button in the “Scan” frame to display the “Scan Ad-
vanced” window. Double-click on the input box for “Image Angle” and enter
90 using the keyboard.
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Scan Advanced

Image Angle
Kl [ l
-180 800 180
™ Add External ¥ Signal scan Filter

[T Add External % Signal
[T Add External Z Signal
™ Add External Bias Signal Lereel

dill

Now, the specimen is scanned in a direction orthogonal to the cantilever axis.
c. Click on the “ |~ " mark in the “2” selection box in the “Display Source” frame
and select “Aux2” from the pull-down menu.

—Display Source

1 ITDngraphy "I
3 ITDngraphy "I
4 ITDngraphy 'I

Aoailable

1 IAFM "I
2 IAuxZ "I

If “Aux2” is not selected from the pull-down menu, confirm that “AFM” and
“Aux2’ have been selected in the “Available Source 1" selection box and in the
“Available Source 2" selection box respectively.

d. Click on the check box for “x 16 Gain” in the “Other Inputs” frame to make it
checked (D).

— £ |nput

Offsetsdsy IO.DOO Setl

[T x16 Gain W AutoSet

— Dther Inputs

Offsets sy I0.000 Setl

[ x16 Gain ¥ AutoSet

The setting of various parameter items required for FFM image observation in the Con-
tact mode (Advanced) has so far been explained. It is summarized as shown below.
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Acquisition: Inputs Scan Size: Iy m
Clock/ms:  0.1000ms Offset X:  0nm
Y: 0Onm

STM/AFM: Contact

Sample: 0.000 Fback Filter/Hz: 1.00

Clean:  0.000 Reference/V: 0.000

Display Source Display Z Input

1: Topography 2: Aux2 M Auto Ox16 Gain M Auto Set

3: Topography 4: Topography Other Inputs

Available Source 1: AFM Ox16 Gain M Auto Set
2: Aux2

Scan Advanced

Image Angle: 90.0

OAdd External X Signal Scan Filter

OAdd o Yy O ®4 High frequency
OO o z O

0o O Bias O

Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

[0 Tip Retract at abort ®Sample
Z Filter/kHz: 50 OHold
Loop Gain: ®3

External Offset: 0.000
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3. Click on the “Repeat” button on the “SPM Parameters” window.
Scanning starts and images are displayed on the Display Window as shown below.

Topography

- FFM image
image

The images are displayed in a range of 256x 256 pixels. The white locations in the
FFM image represent areas of large friction force on the specimen surface.

B Notice on FFM Image Observation

Since the cantilever torsion is observed statically, unevenness of the specimen surface af -
fects the friction force image. Therefore, a topography image must also be observed
simultaneoudly in order to properly evaluate the FFM image. To reduce the effect of the
unevenness of the specimen surface, it is recommended that the Viscoelasticity, Lateral
Modulation FFM (50)/(60) (an optiona attachment) be used.

The contrast of an FFM image is affected by the scanning speed (“Clock/ms’) and the
repulsive force between the specimen surface and the cantilever tip (“Reference/V"). For
a specimen with less contrast, try changing “Reference/V” alittle to the positive side to
make the repulsive force larger. In addition, the brightness of a grabbed image can be
adjusted using the image processing function (“Adjust LUT").

Other general cautions, grabbing, storing and processing of an image are detailed later in
this manual.
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6.12 CURRENT IMAGE OBSERVATION IN CONTACT MODE

An amplifier for current detection is built into the AFM head unit. A contact current im-
age as well as a Topography image can be acquired using a conductive cantilever.
Moreover, an |-V image can be observed at a specified point of the specimen.

B Cantilever Mounting

Use a conductive cantilever (such as a conductive Si cantilever or a cantilever with both
sides coated with gold). Mount a cantilever on a non-contact cantilever holder. Make
sure that good conductivity is kept between the cantilever and the cantilever holder. Use
conductive paste (Datite) especially for a gold-coated cantilever as the conductivity be-
tween the front face and the rear face is not so good.

Gold-coated Base

surfac
Conductive pastt

Side of glass

base ° Piezoelectric
element for
vibration

CAUTION

When applying conductive paste to the cantilever and the cantilever
holder, be sure not to touch the conductive paste to the cantilever
piezoelectric element. When replacing a cantilever, be sure to
confirm that no previously used conductive paste remains on the
holder. Otherwise, the cantilever will tilt, causing the reflected laser
beam not to irradiate the right position.

B Cantilever holder setting

After mounting a cantilever on a cantilever holder, insert the cantilever holder into the
head unit until it touches the innermost wall.
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B Specimen setting

In order to observe a current image correctly, it is essential that good conductivity be
kept between the specimen and the specimen stub. Attach the specimen to the specimen
stub with conductive tape or conductive paste (Datite). If possible, apply the conductive
paste not only to the surface but to the side of the specimen as well.

. f .
\ <\ Conductive paste
L Specimen stub

Specimen

B Cantilever selection

Usually, a short cantilever is used for image observation. If there are two cantilevers,
long and short, as shown in the figure below and the short cantilever is used for image
observation, be sure to remove the long one using a pair of tweezers.

Long
cantilever

Tweezers

Cantilever

The top of the long N
cantilever touches the
specimen before the

short one.

\
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CAUTION

When you select and use a short cantilever out of two cantilevers, long
and short, be sure to remove the long one with a pair of tweezers.
Otherwise, the top of the long cantilever touches the specimen before
the short one does.

6.12.2 Current Image Observation
The following is the procedure for observing a current image.

1. Carry out the contact-mode procedures in Subsections 6.5.1 through 6.5.5.
2. Set the parameters for observing a current image according to the following
procedure.
a. Click on the * | =" mark in the “Acquisition” selection box in the “Scan” frame

and select “2 Inputs” from the pull-down menu.
Two images are acquired and displayed simultaneously as a result of this operation.
When a current image is observed, a topography image is aso acquired to allow
comparison with the current image.

Acouisition [N ~
Clock/ms |0_1000 ms jﬂ
STM/AFM  [Cortact 7]

Mode Im

Tip Welocity 185 umds S

b. Click on the “|=|" mark in the “2” selection box in the “Available Source”
frame and select “Log Current” from the pull-down menu.

— Display Source
1 ITDngraphy j
2 Log Current
3 ITDngraphy j
4 ITDngraphy j
Available

Y =

2 ILDg Current j

C. Click on the *| = " mark in the “2” selection box in the “Display Source” frame
and select “Log Current” from the pull-down menu.
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d. Click on the Omark for “x 16 Gain” in the “Other Inputs” frame to remove the
check mark (“0"). Click on the check box for “Auto Set” in the “Other Inputs”
frame to make it checked (‘).

— £ |nput

Offsetsdsy IO.DOO Setl

[T x16 Gain W AutoSet

— Dther Inputs

Offsets sy I0.000 Setl

[ x16 Gain ¥ AutoSet

e. Click on the “Advanced” button in the “Feedback/Filters” window to open the
“Feedback/Filters Advanced” window.

Feedback/Filters Advanced

[ Tip Retract at short

Ok,
Z Filter/KHz 50 = Cancel |
Preamp Filter/KHz |50 "l

Preamp Gain |1 00 W nA 'l

Loop Gain & Sample
Cllow 02 &3 High

" Hald

External
K [ M
=100 I0.000 100

f. Click on the “| x| " mark in the “Preamp Gain” selection box and select “1.00
V/nA” from the pull-down menu.

g. Click on the “|= " mark in the “Preamp Filter/kHz” selection box and select
“50” from the pull-down menu.

h. Double-click on the “Sample” input box in the “Bias/V” frame and enter 1 us-
ing the keyboard.
The settings for the above bias voltage and preamplifier gain differ depending upon
the conductivity of the specimen to be observed. Here, it is supposed that a +1.0 V
bias voltage is to be applied to the specimen. In practice, when scanning the speci-
men, adjust these values so that the current image and the CH2 input signa vaue
indicated in the top right on the “SPM Parameters’ window are not saturated.
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Acquisition: Inputs Scan Size:
Clock/ms:  0.1000ms Offset X:

lum
Onm

Onm

STM/AFM: Contact

3: Topography 4: Topography
Available Source 1: AFM
2: Log Current

Sample: 1.000 Fback Filter/Hz: 1.00

Clean:  0.000 Reference/V: 0.000

Display Source Display Z Input

1: Topography 2: Log Current M Auto [Ox16 Gain ™M Auto Set

Other Inputs
[Ox16 Gain ™M Auto Set

Scan Advanced

Image Angle: 0.0

JAdd External X Signal
OAdd o Y O
0o o z 0O
O0 O Bias [

Scan Filter
®4 High frequency

Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

[0 Tip Retract at abort

Z Filter/kHz: 50
Preamp Filter/lkHz: 50
Preamp Gain: 1.00V/nA
Loop Gain: ®3

External Offset: 0.000

®Sample
OHold
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After setting the parameters and compl eting the approaching, perform scanning.
3. Click on the “Repeat” button on the “SPM Parameters” window.
Scanning starts and images are displayed on the Display Window as shown below.

Topography Current
image image

The images are displayed in arange of 256x 256 pixels. The white locations in the
Current image represent high-conductance (large current flow) areas on the speci-
men surface.

B Notice on current-image observation

 The current measured in the contact mode is larger than that in the STM observation
(for a conductive specimen). If the bargraph displayed in the “Status’ frame in the
“SPM Parameters’ window exceeds the maximum on the scale, reduce the setting of
“Preamp Gain” in the “ Feedback/Filters Advanced” window.
Note: If the arrow shown at right in the figure below is positioned at the top of the
bar, that means that the current exceeds the maximum on the scale.

ki «——signal value for
current image

Signal value for
topography
image ———» >

nm  nA

The maximum detectable current for each preamplifier gain is shown below.

. Maximum detectable
Preamp gain
current
0.01V/nA 1y A
0.1V/nA 100 nA
1V/nA 10 nA

« If the specimen has low conductivity like an insulating material, or the surface of the
specimen is oxidized, the current changes little and the image contrast is poor. In such
acase, click on the check box for “x 16 Gain” in the “Other Inputs’ frame (to make it
checked) in order to increase the sengitivity to 16 times.
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 “Linear current” instead of “Log current” can be used to observe a current image.
When the contrast does not increase with “Log current,” the apparent sensitivity can
be increased with “Linear current.” When observing a current image, click on the “
~|” mark in the “2" selection box in the “ Available Source” frame and select “Linear
current” from the pull-down menu; also select “Linear current” in the “2" selection
box in the Display Source” frame.

* In order to correctly observe a current image, a topography image must be acquired
correctly. If the feedback filter setting is too slow, the cantilever response to the spe-

cimen surface topography becomes very slow, thus resulting in incorrect current

measurement.
Distance between
Distance between specimen surface and
specimen surface cantilever tip varies with
Cantilever and cantilever tip is positions.
<l/ constant. / ¢ ¢

M\/\S/p;mw\/\/\?\

Appropriate feedback speed Too slow feedback speed

6.12.3 |-V Measurement with Conductive Cantilever

The IV measurement on the surface of a specimen is as commonly used as the observa-
tion of acurrent image.

B Notice on cantilever

The same type conductive cantilever as for the current image observation is used for the
I-V measurement. Be sure that there is sufficient conductivity in the cantilever, the can-
tilever holder and the specimen stub, and among them. In the I-V measurement, a bias
voltage is scanned, so an electrostatic force is applied to the cantilever. Therefore, if a
soft cantilever is used, it may be bent by the electrostatic force during the bias voltage
scanning, thus possibly resulting in incorrect 1-V measurement. A hard cantilever (such
asasilicon cantilever) should be used for accurate |-V measurement.

The following is the procedure for |-V measurement.

1. Perform the current-image observation according to Subsection 6.12.2 and
grab the image.
Both a topography image and a current image are usually acquired to determine a
point for measurement, but it is easier to determine the measurement point on a cur-
rent image because there are points where no current flow is observed on some
specimens.
2. Click on the “Tip” button in the “SPM Parameters” window to open the “Tip”
window.
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Tip
Approach On | —Approach Conditions——————————

Tip Retract r Reference/V IO-OOO Cancel |
gettbxl Eeedback Filker/Hz 200 hd Advanced |
Position |

High Bias |

3. Click on the check box for “Tip Retract” to make it checked.

4. Click on the “Position” button in the “Tip” window.
The “Tip” and “SPM Parameters’ windows will close and the “Tip position” win-
dow will open. Move the cursor to the current image in the Display Window; then
the cursor changes to a hand mark. The present cantilever position is indicated by
the “+” mark. Usually, theinitial position isthe top-left corner of the frame.

Cantilever position

Topography d Jt—| Cursor
image Current
Red line ——m» image  [-=— Green line

The cursor is in effect only within the active window (the image surrounded by a
green line). The image surrounded by ared lineis not active now. If the current im-
age is acquired according to Subsection 6.12.2, the image is grabbed later and be-
comes an active window.
5. Move the cursor to the cantilever position (“+”); press the left mouse button
and drag it, while holding down the left mouse button, to the point where |-V
measurement is to be performed.

Topography -+ ~<«—{——Measurement

@ position

The cantilever is actually moving in real time during the cursor dragging, so be sure
to drag the “+” mark slowly.
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6. After placing the “+” mark at the measurement point, press the right mouse
button.
The“SPM Parameters’ and “Tip” windows will be displayed.
7. Deselect “Tip Retract” by clicking on the Omark for “Tip Retract”; the mark will
change to ‘0 .”
8. Click on “SPS Param” on the “SPM Parameters” window.
The “ SPS Parameters” window will appear. Click on the “1-V” tab.

ZPS Parameters

v |sv |Fe |1 |Fro |

Laow Woltage |—1 000 Source ILinear CuUrrent "l
High Yaltage/\ |1 000 Preamp Gain |1 00 V/ns 7
Ramp Direction & Auto 1D e e I1 :I'
 Up Mo of GITS |128 vl

 Dawn
MNumber of Points |1 28 vl

9. Set the parameters for I-V measurement according to the following procedure.
a. Set the voltage at which to measure I-V.

« Double-click on the input box for “Low Voltage/V” and enter a voltage using the
keyboard. Here, it is assumed that the |-V measurement rangeis to be from-1.0 V
to +1.0 V. So, enter —1 using the keyboard.

« Double-click on the input box for “High Voltage/V” and enter a voltage using the
keyboard. Here, enter 1 based upon the same assumption as above.

Note: In this system, the offset current is capacitance-corrected in such a way that

when the input voltage is 0 V, the current is 0 nA. Therefore, the Low and
High Voltages must be entered so that they encompassO V.
b. Click on the “|= " mark in the “Available Source 2" selection box on the

“SPM Parameters” window and select “Linear current” from the pull-down

menu. Click on the “| = " mark in the “Source” selection box in the |-V frame

on the “SPS Parameters” window and select “Linear current” from the pull-
down menu.

— Display Source

3 ITDr:uDgrar:ul'wr 'l
Available
1 IAFM 'l

2 [N EE T ™

TMPM42-2 6-92



TMPM42-2

6. OPERATION

c. Click on the “|=|” mark in the “Preamp Gain” selection box in the I-V frame
on the “SPS Parameters” window and select “1.00 V/nA” from the pull-down
menu. This value determines the preamplifier gain for I-V measurement. If
the measured current gets saturated, decrease this setting value.

d. Select “Auto” by clicking o the radio button for “Ramp Direction”; the button
changes to 7."

“Ramp Direction” determines the scanning direction of the bias voltage for 1-V

measurement. If “Auto” is selected, scanning is performed from a voltage near the

voltage set in the “Bias/V” on the “SPM Parameters’ window.

[Examplg]: If “Bias/V” issetto 1.0V, and “Low Voltage/V” and “High Voltage/\VV”
are set to —1.0 V and 1.0 V respectively, the scanning is performed
from+1.0V to-1.0V.

If the selection is “Up,” the scanning is performed from a low voltage to a high

voltage regardless of the value set in “Biag/V.” If “Down” is selected, the scanning

is performed from a high voltage to alow voltage.

e. Click on the “|= " mark in the “No to Average” selection box and select “1”
from the pull-down menu.

This specifies the number of |-V measurements for data averaging. Increasing the

number of measurements is effective particularly when datais noisy or when a very

small current must be measured.

f. Click on the “|=|” mark in the “Number of Points” selection box and select
“128" from the pull-down menu.

This specifies the number of points for 1V measurement. The maximum number is

2048 points.

Note: “No of CITS’ on the“SPS Parameters’ window has nothing to do with the |-

V measurement.
The above procedures are a typical example of parameter setting in the “SPS Parame-
ters’ window. Summarized below is an example of parameter setting to perform -V
measurement in the scanning range between -1.0 V and +1.0 V.

-V
Low Voltage/V: -1.0 Source: Linear current
High Voltage/V: 1.0 Preamp Gain: 1.00V/nA
Ramp Direction: ®Auto No to Average: 1
No of Points: 128

10. Click on the “| x| " mark in the “Acquisition” selection box and select “I-V” from
the pull-down menu.
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Acguisition Ile
Clock/ms  [0.1000 ms jil
SThA AFR IODntact "l

Mode INDrmaI *l

Tip Welocity 0000 nmds 2

11. Click on the “Repeat” button on the “SPM Parameters” window.

The I-V measurement will start.

When you want to change the I-V display method, change it on the “Plot parame-

ters’ after grabbing the data.

Notes: 1. If the measurement position is changed with this method, the changed
position becomes the initial position. Therefore, when scanning has been
finished or “ Abort” has been performed, thetip is at theinitial position.

2. If the I-V measurement data is saturated as shown in the figure below,
decrease the vaue set in “Preamp Gain” on the “SPS Parameters’
window.

3. If no stable data is obtained at the same measurement point or
unreasonable data is obtained, the cantilever might be irregularly bent due
to an electrostatic force during the measurement. In such a case, try to
reduce the |-V scanning voltage range.

4. Parameter change during |-V measurement might cause incorrect data.
Parameter change must be done while the measurement is suspended.
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6.13 OBSERVATION IN STM MODE (ADVANCED

The SPM head unit with atip holder is used for STM (Scanning Tunneling Microscope)
observation. Described in this Section is the procedure for observing an STM image
using the STM mode “Advanced” control panel. It is possible to set parameters in detail
on the “ Advanced” control panel, but every parameter must be set.

6.13.1 Check Before Approaching

Before performing approaching, check whether the preparation has been completed ac-

cording to the proceduresin Section 6.3.

* Has rough approaching been executed in such a way that the distance between the
cantilever and the specimen surface is 0.3 mm or less ?

* Isthe Z stage position in the approaching-possible range ?

6.13.2 Setting Oscilloscope (option)
After setting the optional oscilloscope according to Subsection 6.3.4, set CH2 asfollows.

€ Set the SELECT knob on the SPM CONTROL unit to “LOG.”
Then, the LOG | signal can be monitored.

6.13.3 Setting Control Panel

Start the system according to the start-up procedure in Subsection 6.2.1 “System
Startup.”

1. Click on “SPM Scan” on the main menu and select “Scan...” from the pull-
down menu.
The “SPM Parameters’ window will be displayed. Click on the “ Advanced” tab.
2. Set each parameter according to the following procedures.
a. Click on the |~ " mark in the “Acquisition” selection box and select “512x
512" from the pull-down menu.

Acouisition |512x512 j
Clocks/ms |D_1000 ms j ~

SThMAAFM  |STM -
hode INDrmaI vI
Tip Velocity 187 um's =l

b. Click on the “|=x|” mark in the “Clock/ms” selection box and select “0.1000
ms” from the pull-down menu.
This is the parameter that determines the scan speed. Naturally, this parameter
should be changed according to the observation area and the unevenness of the
specimen. Here, set it to “0.1000 ms’ provisionally.

c. Click on the “|=|” mark in the “STM/AFM” selection box and select “STM”
from the pull-down menu.
This changes the SPM CONTROL unit to the STM mode.
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d. Click on the “|=|” mark in the “Mode” selection box and select “Normal” from
the pull-down menu.

e. Click on “Scan Size”. When the numerical value is highlighted, enter 1 um
using the keyboard and finalize the numerical value by pressing the “TAB”
key. Or, click on the “| =| " mark in the “Scan Size” selection box and select a

numerical value near “1,000 nm.”

Scan Slza [1.000um 7]

1 Offset X IO nrm ZDDmI
i |o nm OffSet |

Montage | Achanced |

wcan Time 248 s

Note: Here, it is assumed that the standard scanner (scanning range is 10p mx 10
g m) isinstaled. In practice, set an appropriate value according to the ob-
servation areayou want to observe.
f. Click on “Sample.” When the numerical value is highlighted, enter 1 using
the keyboard and finalize the numerical value by pressing the “TAB” key.

Bias/

Sample |1 000 Set Ml
Clean IDDOD Oleanl

The “Sample” value should be changed according to the specimen to be observed. If
it is a conductive specimen like a metal specimen, set a small numerica value (0.2
V or less), and set alarge numerical value (1.0 V or more) for a semiconductor spe-
cimen or a specimen having an oxidized film.

g. Click on the “| > " mark in the “Fback Filter/Hz” selection box and select “0.5”

from the pull-down menu.

Feed back/Filters

Fhack Filter/Hz [0 j f'i‘acﬁ,fancedl
Currents na I1 000 1 000

“Filter/HZ" is the parameter that determines the response speed of the feedback cir-
cuit. The larger the set vaue is, the faster the response speed becomes, thus pro-
ducing a sharp image, but the feedback circuit becomes prone to oscillation. Usually,
set the highest speed at which the feedback circuit does not oscillate while watching
an image during scanning.
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h. Double-click on “Current/nA.” When the numerical value is highlighted, enter
1 using the keyboard and finalize 1 by pressing the “TAB” key.
“Current/nA” specifies the tunneling current flowing between the specimen surface
and the cantilever tip. You have to change the “Current /nA” value while watching
an image during scanning. Here, set it to “1.000" provisionaly.
i. Click on the “Advanced” button in the “Feedback/Filters” frame.
The “ Feedback/Filters Advanced” window is displayed.

Feedback/Filters Advanced

™ Tip Retract at abort
Z Filter/KH I vl
feer ‘ 50 Cancel |

Preamp Filter/KHz |50 vI
Preamp Gain |1 00 VA nA vI

L Gai
’7 LI ' Sample

Cilow ®& 3 High  Hold

External
Al [ H
=100y I0.000 100

Select “2" of “Loop Gain.” To select “2,” click on the radio button located on the
left of “2.” When this button is selected, the button changes to/. The setting deter-
mines the gain of the feedback circuit. If it is set to “High,” the response gain in-
creases, thus causing an uneven specimen surface to be easily observed, but the
feedback circuit becomes prone to oscillation.

J. Click on the “|»|” mark in the “Available Source 1" selection box and select

“Linear current” from the pull-down menu.

—Display Source
1 ITDngraphy j
2 ITDngraphy j
3 IT|:||::|cugrar:|f'n_,,r j
4 ITDngraphy j
Ausailable

1 ILinear curren =)

2 ILDg Current j
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k. Click on the “|=|” mark in the “Available Source 2" selection box and select
“Log Current” from the pull-down menu.
These two parameters are for selecting the signals input to the A/D board. Here, set
the parameters as shown above.

I. Click on the “|~x|” mark in the “Display Source 1" selection box and select
“Topography” from the pull-down menu.

m. Click on “Auto” in the “Display” frame to change “0 Auto” to “0Auto.”

— £ |nput

Offset/y [0000 EI

M x16 Gain W AutoSet

—Other Inputs

Off set I0.000 Setl

M x16 Gain W AutoSet

Nn. Click on “x 16 Gain” in the “Z Input” frame to deselect the setting.
When the setting is deselected, the Omark changesto O .

0. Click on “Auto Set” in the “Z Input” frame to change. “O Auto Set” to “[JAuto
Set.”
The check boxes, 0 and [J are toggle boxes. Each time the mouse is clicked on
these boxes, the settings are changed. When the Omark is displayed, the parameter
item to which this mark is attached is sel ected.

The setting of various parameter items required for image observation in the Contact
mode (Advanced) has so far been explained. It is summarized as shown below. If any of
the settings differs from the setting shown in the table, the normal functions may be dis-
turbed. Check the parameters referring to the parameter setting below.

Acquisition: 512x 512 Scan Size: lum
Clock/ms:  0.1000ms Offset X;:  Onm
Y: Onm

STM/AFM: STM

Sample: 1.000 Fback Filter/Hz: 0.5

Clean:  0.000 Current/nA: 1.000

Display Source Display Z Input

1: Topography 2: Topography M Auto [Ox16 Gain ™M Auto Set
3: Topography 4: Topography Other Inputs

Available Source 1: Linear current [Ox16 Gain M Auto Set

2: Log Current
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Scan Advanced

Image Angle: 0.0

OAdd External X Signal
OAdd g Y @O
O0 g Z [
0o O Bias O

Scan Filter

®4 High frequency

Bias Advanced

Back Scan: 0.000
Offset: 0.000

Feedback/Filters Advanced

[0 Tip Retract at abort
Z Filter/kHz: 50
Preamp Filter/lkHz: 50

Preamp Gain: 1.00V/nA

Loop Gain: ®2
External Offset: 0.000

®Sample
OHold
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6.13.4 Setting Software Oscilloscope
Set the software oscilloscope according to Subsection 6.3.3; then set CH B asfollows.

1. Click on the “&" mark in the “Oscilloscope...” button. The “Oscilloscope Con-
trol” window will open.

Y Os=cillosco pe Control

—Channel & — Channel B

Source ITDngraphy "I Source ILDg Current"’l
Coupling A DO Coupling CUAC & DG
Sensitivity |1000 "I nirm Sensitivity |5 VI (gl
Offset o] 10D Offset | 100

il |o.0 J= |0.0

=1 -100 =1 —100

Pause | Timehase |10 ms "I grid  # &

Eantihe | Refrash: IQOO ms "I v

2. Click on the “|=/” mark in the “Source” selection box in the “Channel B”
frame; then select “Log Current” from the pull-down menu.

3. Click on the “|=|” mark in the “Sensitivity” selection box in the “Channel B”
frame; then select “5” from the pull-down menu.

Then, the Log | signal can be monitored.

6.13.5 Approaching

Move the cantilever closer to the specimen until the value of the tunneling current be-
comes the value specified in “Current/nA.” The cantilever movement automatically stops
when the tunneling current reaches the value set in “Current/nA”. The following is the
procedure for approaching.

1. Click on “SPM Scan” in the main menu and select “Scan...” from the pull-
down menu. The “SPM Parameters” window will appear.

2. Click on the “Tip” button on the “SPM Parameters” window. The “Tip” window
will appear.

Tip

Approach On | —Approach Conditions—————— Ok,
Tip Eetract [ Currents na I1 000 Cancel

Feedback Eeedhack Filter/Hz 1100 M Advanced

Sample Bias I1 Q00

Position

il

High Bias r
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3. Set each parameter according to the following procedures.

a. Double-click on the “Current/nA” input box. When the numerical value in the
box is highlighted, enter 1 using the keyboard. Press the “TAB” key on the
keyboard to finalize the value (“1").

b. Click on the “| =" mark in the “Feedback Filter/Hz” selection box and select

“1.00” from the pull-down menu.
Now, the Current/nA vaue and the response speed of the feedback circuit, which
are used for approaching, have been determined. To prevent the cantilever from
colliding with the specimen, set “ Feedback Filter/HZz" to a value higher than that for
image observation.

C. Confirm that “Sample” in the “Feedback” line is selected (marked 77). If
“Hold” is selected (marked ), click on the radio button for “Sample.”

d. Click on the “T mark for “Tip Retract” to deselect Tip Retract (the mark
changes to ‘0 ").

4. Confirm the following points before performing approaching.

« The voltage applied to the Z scanner is+150 V.
Check the voltage applied to the Z scanner using CH1 of the optional oscilloscope
or Channel A (red) of the software oscilloscope. When checking it with the oscil-
loscope, read the CH1 voltage as 10 times the voltage displayed. For example, if
the displayed voltage is +15 V with the 5 V/div scale, the actual voltage is+150 V.
When it is checked with the software oscilloscope, the vertical axis indicates not a
voltage but a scanner displacement in nm depending upon the Z sensitivity of the
scanner. With the standard scanner, 3y m corresponds to 1500nm.
If the voltage applied to the Z scanner does not reach +150 V, it is judged that the
approaching has already been completed. So, approaching will not start even if
the “Approach On” button is clicked on. In such a case, check the following
points.

« Make surethat “Loop Gain” isnot set to “Low.”
“Loop Gain” must be set to the 2nd position or higher. If it is set to “Low,” the
gain of the feedback circuit is so small that the feedback voltage is not supplied
until it reaches +150 V.

» Make sure that “Feedback” is not set to “Hold.”
“Sample’ on the “Feedback/Filters Advanced” window (opened when you click
on the “Advanced” button in the “Feedback Filters’ sub-frame on the “SPM Pa-
rameters’ window) must be selected (“/"). If “Hold” is selected, the feedback cir-
cuit isfixed with a certain voltage and does not function.

« Make sure that the tunneling current is already flowing.
If “Current/nA” is set to asmall value near 0 V, noise or asimilar component may
be mistaken for a tunneling current, thus resulting in performing no approaching
(the computer judges that approaching has been completed). In such a case, select
“Approach Off”; set a larger value for “Current/nA”; then try to find a “Cur-
rent/nA” where the Z voltage becomes +150 V.

5. Click on the “Approach On” button on the “Tip” window.

The motor for approaching starts to rotate and automatically stops when the tun-

neling current becomes the same as the value set in “Current/nA.” Confirm if ap-

proaching has completed, using the oscilloscope or the software oscill oscope.
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« When confirming it with the oscilloscope or the software oscilloscope, check that
the Z voltage (CH1 or Channel A (red)) has come closer to 0 V than the value it
had when approaching started.

6. Click on the “Approach Off” button in the “Tip” window.

You may hear an oscillation sound coming from the instrument when approaching is
completing. This is because the setting of the feedback filter is so fast that it oscillates.
To stop the oscillation sound, click on the “ Approach Off” button in the “Tip” window.
Then, the feedback filter value is returned to normal scanning specified in the “Feed-
back/Filter” frame in the “SPM Parameters’ window. If the sound continues, click on the
“|=/” mark in the “Feedback Filter/Hz" selection box and select aslow filter (a smaller
value) from the pull-down menu.

6.13.6 Image Observation
When approaching has completed, carry out scanning.

B Starting scanning

@ Click on the “Repeat” button in the “Scan” frame in the “SPM Parameters” win-
dow.
Scanning will start and an image will appear in the Display Window. In the case of
the STM mode, an important factor for obtaining a quality image is the setting of
Bias Voltage and Current . If this setting is inappropriate, not only can a quaity im-
age not be obtained, but also the specimen and the tip may be damaged.

B Setting Sample Bias and Current

The distance between the specimen surface and the tip is controlled by adjusting Bias/VV
and Current/nA. If Sample Bias is set to a small value and Current/nA to a large value,
the distance between the specimen surface and the tip becomes short. Theoreticaly, the
resolving power improves, but the tip could easily collide with the specimen.

CAUTION

If the Sample Bias is set by using the bar-chart during image
observation, be careful not to move the bar-chart button across 0 V.
The tip would collide with the specimen surface if the bias voltage
became 0 (zero).

6.13.7 Current Image Observation

The operation procedures for image observation in the STM mode that have been ex-
plained so far in this Section are for the constant-current STM mode used to observe the
topography of a specimen while keeping the tunneling current constant. In thismodeiit is
also possible to observe a current image by obtaining the change of the current as an im-
age while keeping the tip height constant. The following is the procedure for observing a
current image.
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1. Carry out approaching according to the procedures in Subsections 6.13.1
through 6.13.5.
Note: |f approaching has aready been completed, this operation is not necessary.
2. Click on the “|=|” mark in the “Display Source 2" selection box in the “SPM
Parameters” window and select “Log Current” from the pull-down menu.

—Display Source

1 I Topography

2 I Topography

3 I Topography

LefLef L] L]

4 I Topographny
Aovailable

1 |Linear curren|z]

2 ILDg Current j

3. Click on the “|=|” mark in the “Fback Filter/Hz” selection box and select “0.5”
from the pull-down menu.
Usually, a Force image is observed by applying a very slow feedback while keeping
the height constant. Use a slower response for the feedback than that used for ob-
serving a topography image. For current-image observation, use “Log Current” in-
stead of “Linear Current.”
4. Carry out current-image observation according to the procedure in 6.13.6
“Image Observation.”

6.13.8 CITS Image Observation

A CITS (Current Imaging Tunneling Spectroscopy) image is a tunneling current image
produced when applying an optionaly designated bias voltage while keeping the dis-
tance between the tip and the specimen surface (determined by the topographic image
observation conditions such as tunneling current and bias voltage) constant. 1-V curves
and data averaging at designated points on the specimen can also be obtained from the
image captured in the CITS menu. In the case of CITS, unlike STS, |-V datais measured
and an image is created at each pixel during tip-scanning, so there is no influence of spe-
cimen drift or hysteresis and the |-V curve a an arbitrary point of the image perfectly
corresponds to the image points.
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Tip

|-V measurement

I A

|-V curve is measured at every pixel

-

15 points

128 points 128 points standard)

One method of determining the bias voltage is asfollows.

Select a point where the image contrast varies greatly on an STM image and measure an
[-V curve at that point once; then select the bias voltage of the position where the I-V
curve varies greatly.

The vaues set for CITS measurement parameters such as “Low voltage” and “High
voltage” are the same as those set for SPS Parameters.

The following is the procedure for observing a CITS image.

1. Click on the “SPS Param” button in the “SPM Parameters” window; set the I-V
parameters using the same parameters set for I-V measurement. Click on the
“|=.” mark in the “No of CITS” selection box in the “I-V” frame and select
“128."

2. Perform the operations for STM observation according to Subsections 6.13.1
through 6.13.6 to observe an STM image.

Note: Since a CITS image is scanned in arange of 128x 128 pixels, specify “128
x 128" for STM observation too so that a quality image can be obtained.

3. Click on the “| =/ " mark in the “Acquisition” selection box in the “Scan” frame
in the “SPM Parameters” window and select “CITS” from the pull-down menu.

4. Click on the “Repeat” button in the “SPM Parameters” window.

The CITS measurement will start. The acquired CITS images will be displayed on

the Display Window.

Note: CITS images are displayed on one screen with divided frames. During scan-
ning, the imaging on each divided frame progresses simultaneously in real
time. Watch the progressing images on the screen, and if you are satisfied
with the quality of the images, grab the images before the present frame scan
is completed. Otherwise, the next frame scan starts automatically without
storing the data when the present scan finishes.
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6.14 GENERAL NOTES ON IMAGE ACQUISITION

Described in this Section are the scanning method for image acquisition and other notes.

6.14.1 Tip Retract

The tip positions in the Z direction at neutral, tip retract on, tip retract off and approach
are shown below. “Tip Retract On” is used when the tip must be retracted temporarily.

Tip_
No voltage is applied to the Z-
scanner (neutral position).
“Tip Retract” ON (“I4”). The
Z-scanner is totally shrunk.
—>
i “Tip Retract” OFF (“O0 ). The
< Z-scanner is totally stretched.
>

Tip Approach (Tip “Approach On”).

The tip is moved toward the specimen slowly
by motor driving, with the Z-scanner in nearly
the neutral position (feedback is working). The
motor stops at the moment a tunneling
current is detected.

LSpecimen
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6.14.2 Block Diagram of Software Parameters

A block diagram of each software parameter is shown below.

Specimen

HV Amp HV Amp

Log Amp |

x1,x 16

Auto Set

Auto

Auto

‘ Image Display }

Block diagram of the control system
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6.14.3 Z Position Readjustment

During scanning, stage drift may cause the tip position to change along the Z-axis (the
Z/10 value on the oscilloscope may deviate greatly from 0). In such a case, you can
move the tip while performing approaching. Readjust the Z position according to the
following procedures.

1. Click on the “Abort” button in the “Scan” frame in the “SPM Parameters” win-
dow to stop scanning.
2. Click on the check box for “Tip Retract” in the “Tip” window to make it checked
(“0).
The tip will be retracted. The purpose of this operation is to prevent the tip from
colliding with the specimen during motor driving.
3. Click on the “Coarse Stage” button in the “SPM Parameters” window to open
the “Coarse stage” window.

Coarse Stage

T
X ) Lefic. ) Bight & @
Mowe |
N g ] N e AN
Start |
Z Ciln  &0W ©Of
Stop |
¥ Z Axis Only
Achvanced | Centre |
~Speed—— | ~Position
 1- Slov o ife ) Right
(ol
B ¥ Down i Up
Cl 3
& 4 - Fast < Fiy Out
- 14.65 um

4. If the tip is too close to the specimen, click on the radio button for “Out” in the
“Direction” frame ('), or if the tip is too far from the specimen, select “In.”
Note: For the JSPM-4200 series, “Z Axis Only” and “4-Fast” for “Speed” selection

arein effect.
5. Click on the Omark for “Tip Retract” in the “Tip” window to remove the check
mark (“O0").
Confirm with the oscilloscope that Z/10 is close to O. If not, repeat steps 2 and 5

above.

Note: The specimen-stage Z-axis motor-driving mechanism can be mechanically
dismounted to shut out external disturbances such as vibration and noises.
When the motor-driving mechanism is rotated backward for dismounting,
there is a backlash of about 3/10 of arevolution.
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6.14.4 Shifting Observation Field (Large Shift)

When you want to greatly shift the observation field, retract the tip or cantilever accord-
ing to the procedure in Section 6.15 “Cantilever/Tip Retraction”; then shift the specimen
stage manually.

6.14.5 Shifting Observation Field (Small Shift)

When you want to shift the observation field a little within the scanner movement range,
shift it according to the following procedures.

1. Click on the “Offset” button in the “Scan” frame in the “SPM Parameters” win-
dow.
The Offset window will be displayed.

Y off set/nm

= | 41628

] i

[T Disable

4 [ | - |-41628

¥ offset/nm Flemeel |

[T Disable

2. Shift the observation field using the X and Y scroll bars or drag the field di-
rectly.
The correspondence between the actual observation field and the maximum obser-
vation field is shown below.

Actual observation field

M aximum observation field

Note: Shift the observation field very slowly.
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6.14.6 Storing Data in Computer Memory (Grab)

TMPM42-2

The image that is being scanned and |-V data are cleared when the next scan is started.
The following is the procedure for grabbing the data in the computer memory.

Note: This operation is used to store data in the RAM of the computer temporarily. The
stored data is cleared when the SPM software is terminated. If you want to save
the data for later use, the data must be saved on the disk using the image-saving
operation.

1. When data that you want to save is obtained, click on the “Grab” button in the
“Scan” frame in the “SPM Parameters” window.

Be sure to click on the button while the scan isin progress, as the acquired data in

the frame memory is cleared at the beginning of the next scan.

2. When the “Grab” button has been clicked on, the image data is normalized
after scanning of one image completes, and the “Title” dialogue box will open,
prompting you to enter an image name (title). Enter the title using the key-
board.

Note: Thetitleis not afile name used for transferring the data to and from the disk,
but is smply a title of the image used for identification and selection of the
data. Therefore, an easily understandable name is preferable.

3. The image data will be stored in the computer memory. If you want to continue
the scanning, click on the “Repeat” button in the “Scan” frame again.

4. Then, the next image will be scanned. Grab (store) the image data in the
computer memory following steps 1 to 3 above.

5. After finishing the observation and retracting the tip, save the image data on a
disk, if necessary.

« Difference between an image displayed during scanning and a grabbed image

An image displayed during scanning is sometimes very different from a grabbed im-

age. Thisis because

During scanning:  The brightness and contrast are adjusted at the highest and lowest
signa levels within one scanning line.

Grabbedimage:  The brightness and contrast are adjusted at the highest and lowest
signal levels within the entire image.

Therefore, if the specimen surface has a difference in level or the Z-axis shifts unex-

pectedly, the brightness and contrast may differ greatly between the two images. This

phenomenon often occurs during observation in the contact mode at high magnifica-

tions. This is supposed to occur due to the bending of the cantilever during scanning.

To avoid this phenomenon, you should carefully make a fine adjustment of “Refer-

ence/V.”
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6.14.7 Notice for Auto Set

If “Auto Set” is selected for “ Offset/V” inthe “Z Input” and “Other Inputs’ framesin the
“SPM Parameters’ window, the offset is measured before an image is acquired. The off-
set of the Z-axis voltage is measured at the initia position as shown in the figure below,
and an offset is automatically set so that this value becomes zero.

’/7 Initial position

If the specimen height level at theinitial position, where the offset was measured, is high
(protruding) or low (hollow), or the specimen surface is extremely inclined, the image
may become black or white during scanning, thus resulting in no image contrast. In such
a case, change the observation area or deselect “Auto Set” by clicking on the “[7 mark
for “Auto Set” and set “ Offset/V” manually.

6.14.8 Saving Image

Image data stored in the computer memory should be saved on a disk for later use. Of
course, you can save processed data (such as those output after image processing and
data processing), but do not forget to save the original data. For convenience's sake, it is
suggested that you make a data directory and write a comment for each data.

Note: Usually, the data are saved on a magneto-optical disk.

® Preparing Directory
1. Click on the Windows95™ “Start” button and select “Explorer” from “Program.”
Note: For operational convenience, it is recommended that the SPM software be
iconized by clicking on the _| mark at the top-right corner of the SPM
software window.
2. Create a directory using the “Explorer” function (“New Folder” in the “File”
menu).

® Inputting comment
1. Display the image to be saved on the screen.
Select the image from the list displayed by “ Select” in the block menu.
2. Return to the menu; select “Display”; then select "Change Para---.”
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Parameters

Title  [Au/HOPG S0nm 2.5A 6.9mY 145deg

Infa Cancel |

Currentsn o Bias IO.BB?

Process String v Source W am
Image Size X hm? IW Data IW

Image Size ¥ hm? M Diata OxEFFF IW

Feedback Mode STh -

Acouisition |51 2x012 'I

3. Enter the specimen name and observation conditions in the “Info” block in the
“Parameters” window using the keyboard. After confirming the parameters,
click on the “OK” button.

Note: You can freely enter any comment such as measurement conditions, which
will be very convenient for later use.

4. Select “File” from the menu; then select “Save AS...” from the pull-down
menu.

5. The “Save AS...” window will appear.

Enter afile name for the image to be saved and designate the directory in which the
datais to be saved. Then, click on the “OK” button. The image data will be saved
on the disk.

6. Repeat the procedures of this Subsection, as necessary.
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6.15 RETRACTING CANTILEVER OR TIP AND
TERMINATING MEASUREMENT

Described in this Section is the procedure for terminating the instrument operation after a
series of operations has been completed.

1. Stop scanning by selecting the “Abort” button in the “Scan” frame in the “SPM
Parameters” window.

2. Click on the “Tip” button in the “SPM Parameters” window to open the “Tip”
window. Click on the check box for “Tip Retract” to make it checked (“[T). The
tip will be retracted.

3. Click on the “Coarse Stage” button to open the “Coarse Stage” window.

The " Coarse Stage” window will appear.

4. Select “Out” for “Z” in the “Direction” frame (*"); then click on the “Start” button
in the “Coarse Stage” window. Retract the cantilever or tip far enough from the
specimen surface.

Note: Inthe JSPM-4200 series, “4-Fast” isthe only “ Speed” in effect.

5. Confirm that the cantilever or tip has retracted far enough from the specimen

surface. Then, retract the cantilever or tip far away manually.
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6.16 IMAGE PROCESSING

This system is provided with more than 100 image processing and analysis functions. In
this Section, several of them are explained. For details, refer to Chapter 7

TMPM42-2

“REFERENCE.”

The following is the general flow of image processing.

Print out

- FET

Start

Adjust LUT

Convolve 3x 3
Lowpass

eriodic structure

-l
-«

3D Display

Profile

v

End

General Image Processing Flow

v

To data grabbing

6-113



6. OPERATION

6.16.1 Adjust LUT

This function adjusts the brightness and contrast of a displayed image.

1. Select “LUT” from the menu bar of the SPM initial window “WINSPM.” Then,
select “Adjust LUT” from the pull-down menu displayed just below “LUT.”
The image is displayed in the image-display window with 400x 400 pixels, and bar
charts for brightness and contrast adjustment are displayed in the “LUT Adjust”
window.

Brightness

Cancel |

2. While watching the displayed image, use the mouse to slide the buttons in the
“Brightness” and “Contrast” bar charts so that the optimum image brightness
and contrast are obtained.

3. After the optimum brightness and contrast are obtained, click on the “OK”
button.

The displayed image will return to the original size (number of pixels) with the ad-
justed brightness and contrast.
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6.16.2 Convolve 3x 3 Low Pass Filter
This function eliminates unnecessary noise included in an image.

1. Select “Convolve 3x 3” from the pull-down menu displayed just below “Proc-
ess.”
The“Convolve 3x 3" window will be displayed.
2. Select “Low” in the “Filter” frame (") and click on the “OK” button.

— Filter
& Low
 Medium ﬂl
= High
= Wertical

i~ Harizontal

i Uszer 1

i Uszer 2

3. The selected filter function (low-pass filter) is applied to the image data and
the filtered image will be displayed on the image-display window.

6.16.3 FFT

Apply FFT (Fast Fourier Transform) to periodic-structure images such as crystal or rear-
ranged-structure images to obtain a diffraction pattern of the image. After masking the
obtained diffraction pattern, apply inverse FFT to it to obtain a corresponding real image.

1. Select “FFT” from the pull-down menu displayed below “Analyze” to open the
“FFT” window. Select “Forward” by clicking on the “Forward” button.
FFT is executed, and when it stops, the diffraction pattern of the image will be dis-
played in the image-display window.
2. If the displayed diffraction-pattern spots are too dark for observation, select
“Contrastx 2” to enhance the contrast.
Note: If you select “Contrastx 2" once, the contrast increases to twice the origina
brightness, but you can select “Contrastx 2" many times to further increase
the contrast.
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When you execute inverse FFT on a spot after eliminating other unnecessary spots, con-
tinue according to steps 3 through 6 below.

3. Select “Add.”
FFT windaw
[ romed | ikverse | contrast x 2 |
Delete | Diisplay | Exit |

—Selection Method

" Freguency Band

From I1 To IQO ﬂl

e |
" Spatial Freguency Band
FEse
0.1 1o [0725 |

From
' User Defined Areas Add
—Wincoe Mask Zoam
C Window =
' Mask C x2
el

4. Apply a mask window on an effective spot.

Center point

Notes: 1. To set the mask window, move the cursor to the center of the spot to be
masked and click the left mouse button. Then, move the cursor to a point
at the distance of the masking area and click the left mouse button; the
mask window will be displayed.

2. To delete the window, select “Window” (*/”) from the “Window/Mask”
frame, and after designating the center of the masking area, move the
cursor to a point at the desired distance and click the left mouse button.
The circle with that radius will be erased.

3. To continuously designate or erase masking areas, select the “Add”
button in the “FFT Window.”

TMPM42-2 6-116



6. OPERATION

5. Select the “Apply” button in the “FFT Window”; then select the “Exit” button in
the same window.

Note: If this step is not performed, the masking can not be applied to the inverse
FFT.

6. Select “Analyze” from the “WINSPM” menu bar and then “FFT” and “Inverse”
from the pull-down menus successively displayed. A real image that is in-
versely transformed from the diffraction pattern will be displayed on the im-
age-display window.

7. The message “Erase Mask ?” will appear in the dialogue box. If you do not
want to keep the current masking in effect, click on the “OK” button.

6.16.4 3D Display

Three-dimensional display of an image is a simple and effective way to understand the
surface structure of a specimen. This function can easily display an obtained image
three-dimensionally.

In performing 3D display, pay attention to the following points.

Notes: 1. To make the mesh used for the 3D function small, a 512x 512 pixel image
must be used. If it isa256x 256 pixel image or one of asimilar size, change it
to a512x 512 pixel image using the “Resize” function in the “ Geometry” pull-
down menu.

2. If the surface structure of a specimen is too fine, enlarge the part of the image
you want to display with the “Zoom” function in the “Anayze” pull-down
menu. A clear three-dimensional image can be seen.

1. Select “Display” from the menu bar of the SPM initial window. Then, select

“3D Display...” from the pull-down menu displayed just below “Display.” The
“3D Display” window will appear.

3D Display

[ Display Type Mesh Size |256 vl

" hlesh

" Grey Mesh Y SeE IODEQUE :I' Cancel
« Solid Z Scale IOpaque vI

 |lluminated Display

Base ISDIid Walls vl

llum Indication: & Ori ¢ OFf

A

€ Set Orientstion

— Qrientation — Hlurmination

Azimutk Igo— Lateral I45 Azimuth |45— Lateral |45—
Z Scale |1— Perspective |5—i| Amhkient l@—ﬂ
Magnification |1—
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2. Select “Set Orientation” by clicking on the radio button for “Set Orientation” in
the “Display Type” frame (), and click on the “Display” button.

The image will be displayed in the wire-frame mode.

3. Designate the viewing angle using the mouse.
L eft-right movements of the mouse change the lateral angle, and up-down move-
ments change the azimuth angle. When a suitable angle is obtained, click the right
mouse button.

4. Set the display parameters in the “3D Display” window.
Ordinary values are shown below.

Display Type Mesh size 512
’7 ®Solid —‘ XY Scale Opaque
Z Scale Opaque
Base Solid Walls
Illum Indication ©off
Orientation
Z 1-5
Magnification 1

Note: “Lateral” and “Azimuth” are set to the values selected in step 3 above.
5. Select “Display” by clicking on the “Display” button in the “3D Display” window.
A three-dimensional image will be displayed in the image display window.

6.16.5 Profile

For SPM it is often important to obtain information about the height of an image ac-
quired. The profile function is used to obtain this height information.

Note: When you interpret the obtained height information, you should take it into con-
sideration that the relation between the cantilever or tip shape and the specimen
surface structure could sometimes produce deformed data.

1. Select “Analyze” from the menu bar of the SPM initial window. Then select
“Profile” from the pull-down menu displayed just below “Analyze.”
The“+" mark will appear in the display window.
2. Designate the starting point of the line profile you want to measure, using the
“+" mark.
Movethe“+" mark to the starting point of the line profile you want to measure, and
click the left mouse button.
3. Move the “+” mark to the end point and press the left mouse button.
A cross sectional profile along with the designated line will be displayed on the top
left corner of the screen. The message “Keep profile ?” will be displayed.
4. If you want to process the obtained data, click on the “Yes” button.
Note: Data-processing functions available for “Profile” are distance measurement
between two points in the profile, relative height difference measurement
and enlarging of the profile.
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6.16.6 Image Printout

To print the displayed image, select “File” from the menu bar of the SPM initial window.
Select “Print” from the pull-down menu displayed just below “File.”

Note: A video printer is available as an option. Since parameter setting for printing dif-
fers according to the type and model of the printer used, refer to the instruction
manual for your printer.
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6.1/ DATA PROCESSING

More than 30 data-processing functions are provided in this system. Several typica ex-
amples of them are explained in this Section. For details of each function, refer to Chap-
ter 7“REFERENCE.”

Start

Smooth

) STS
STS data or Profile

Profile
Measure Profile
* Y
Zoom End
|

General data processing

6.17.1 Smooth

Smoothing is a useful function for eliminating noise from original data. When small
noise exists over the entire image (data), the “Average” function is effective. If there is
spike-shaped noise, the “Median” function may be effective.

1. Select “Process” from the menu bar of the SPM initial window. Select
“Smooth” from the pull-down menu displayed just below “Process.”

Cancel |

Data Width |7' ﬂ
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2. Select “Average” in the “Method” frame by clicking on the radio button for “Av-
erage” (7), designate the number of data points to be used for smoothing in
the input box for “Data Width” and click on the “OK” button in the “Smooth”

window.

Note: Usualy, five or seven points are used. Severa points on both extreme edges

of the data are not smoothed.

3. Smoothing begins and the processed data is displayed in the image display

window.

6.17.2 Measure

The position (coordinates) of a point in an image and the relative distance between two
points in an image can be obtained with this processing function. This function can
also be used to obtain an exact distance or height on the specimen surface after per-

forming “Profile” processing.

1. Select “Analyze” from the menu bar of the SPM initial window. Select “Meas-

ure” from the pull-down menu displayed just below “Analyze.”
The“+" mark will be displayed in the image-display window.

2. Move the “+” mark to the starting point of the area you want to measure and

click the left mouse button.

3. Move the “+” mark to the next measurement point and click the left mouse

button again.

The relative distance between this point and the previous point is indicated in the

window.

Maasure

Cursor HE | 4a0.04, 11.485)
Marker 0 94,873, 11.859)
Pelatiwve : 365.17, -0.39398)

6.17.3 Zoom

By using the Zoom function, an area of interest on the data can be enlarged.

1. Select from the menu bar of the SPM initial window. Select “Zoom” from the

pull-down menu displayed just below “Analyze.”
The“+" mark will be displayed.

2. Designate the rectangular part of the data to be enlarged by moving the “+”

cursor to the opposite corner of the rectangle.

The enlarged part of the data or image is displayed on the image display screen.

TMPM42-2
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6.17.4 Differentiate

An |-V curve, for example, is often processed by differentiating it. In this system, differ-
entiation can be performed with one command.

1. Select “Analyze” from the menu bar of the SPM initial window. Select “Differ-
entiate” from the pull-down menu displayed just below “Analyze.”

Differantiate

— Calculation
& odldv Cancel |
 dinl/diny
o d21 dey
 dZnl A d21ny

Data Wicth [5 :I

2. Click on the radio button for “dl/dVv” (") and select the number of data points
for differentiation in the “Data Width” input box.
If “5” is selected , the derivative coefficient is calculated at a point of interest and
two other points on itsright and left sides (atotal of 5 points).
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6.18 TERMINATION OF OPERATION

After saving data on a disk upon completing image observation, you can terminate the
system. The following is the termination procedure.

1. Select “File” from the menu bar of the SPM initial menu and select “Exit” from
the pull-down menu displayed just below “File.” If data is still in the computer
memory, a warning message appears in the window. Confirm that all neces-
sary data has been saved on a disk, and click on the “OK” button.

2. Confirm that the SPM software has been terminated and the screen has re-
turned to Windows95™.

3. Move the cursor to the bottom-left corner of the screen and click on the “Start”
button; then click on the “Shut Down” button from the pop-up menu.

4. Select “Shut down the computer ?”; then click on the “YES” button.

The computer is turned OFF
5. Turn off the POWER switch of the SPM CONTROL unit.

i

POWER
switch

SPM CONTROL

unit
%
—
\m\@r’ é

6. Confirm that the power to all the units is completely OFF.

CAUTION

» Wait 10 seconds or more before restarting the system.
» The software must be terminated before the power is turned off.
Never turn off the power while the software is in operation.
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7.1 SCAN (CONTROL OF THE SPM CONTROL UNIT

7.1.1 Scan..., Scan Parameters

Click on “SPM Scan” in the main menu, and select “Scan” in the pull-down menu. Then,
the “SPM Parameters” window is opened. The operation conditions of the SPM CON-
TROL unit are specified in this window.

SPM Parameters

AC Mode | Gontact Mode | STM  Advanced | Options |

—Scan
I‘l0.000 um 'l Eepeatl Al |

Acouisition |51 2x512 'l
Clock/ms IO.1000 ms 'lﬂ Offset X IO il Zoom | | |
= Single | Fause

Scan Size

STM/AFM  [STHM - ¥ {0 nm LSRR
(it | = |
Maode INDrmaI 'l Maontage | Ad\.ranc:edl
Rt B |
Tip Welocity 187 um/s Scan Time 548 s
—Bias™ Feed back/Filter

Sample |1 000 Set
IO-OOO Clean

Acvanced |

Fhack Filter/Hz |0.50 'lj Ad\.ranc:edl

3 ITD;;JDgraph;,r 'l
4 ITD;;JDgraphx,r *l

Glean Currents na, I1 200 1.000
—Display Source — Displan — £ Input
1 ITDngraphy 'l R L1 0% Sougling Offgets/V I0.000 Setl
Tilt X I
Z ITDngraphyr 'l I — SEtl T x16 Gain W AutoSet
N

I0.00
Elrightnesslo_oo EI
Contrast |?1 54 21 -

—DOther Inputs

Offset/y 0000 El

Available M =16 Gain W AutoSet
1 ILinear curren"l
sps | weo | Tip | Lthography|  Status |
2 ILDg Current 'l
Steee | -t0v | i |
it | load | sawe | Ext |

7.1.1a Status frame

Scan aborted.

ADC Min [IHE=Y Line Min  Max
DN EEN LG [ooo fooo nm
2 |o o [000 oo
2 o o [ooo fooo
4 fo o [000 oo

nm

The present state during scanning is indicated in this frame.
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B Status indication

The present state is indicated by the following messages:

® SPM inactive at present

This message shows that the SPM CONTROL unit is ready to operate (not in scanning at
present). When this message is displayed, you can start scanning by clicking on the “Re-
peat” or “Single” button.

® Scan in progress
This message shows that scanning is in progress.

® Scan aborted
This message shows that the “Abort” button has been clicked on during scanning and
scanning has been forced to stop. You can restart Scanning from the beginning by click-
ing on the “Repeat” or “Single” button even while this message is displayed.

® Scan Paused
This message shows that the “Pause” button has been clicked on during scanning and
scanning has been stopped temporarily. Scanning will restart from the present point if
you click on the “Repeat” or “Single” button.

® Grab frame
This message shows that the “Grab” button has been clicked on so that the image under
scanning is grabbed in the computer memory.

® Subtract background
This message shows that the image has been grabbed and the signal level has been nor-
malized.

® Processed Line
In this system, the analog image signal sent from the SPM CONTROL unit is converted
to a digital signal and the converted signal is sent to the computer. The computer nor-
malizes the received signal, line by line; then it displays the normalized signal on the
screen. Therefore, the number of scanning lines under the receiving signal is not always
the same as that of scanning lines under the displaying signal because the data process-
ing does not catch up with the image displaying. The actual scanning line is indicated
with “Received Line” and the displayed scanning line with “Processed Line.”

B Bar chart

TMPM42-2

The triangle arrow marks, which show the voltage values to be input to the A/D con-
verter, indicate the signal levels averaged line by line. The positions of the arrow marks
are shown as the values obtained after both the “x 16” values and the “Offset /V” values
in “Z input” and “Other Inputs” have already been calculated. If the marks are positioned
at top (positive) or bottom (negative), it means that the input voltages to the A/D con-
verter (£ 10 V or aboutt 0.6 V for “x 16”) are outside the range of the A/D converter
and the image on the Display Window becomes only white or black, showing the fact
that the data (image) has not been correctly acquired.
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The input signal of the arrow mark indicated on the left side is specified in “Display
Source 1” and the input signal of the arrow mark indicated on the right side is specified
in “Display Source 2.” Only the left arrow mark is shown when inputs other than “2 In-
puts” or “4 Inputs” are selected in the “Acquisition” selection box.

® ADC Min, Max; Line Min, Max
The input values designated in “1” to “4” of “Display Source” are indicated.
ADC Min Max: The minimum and maximum signals in each scanning line are input to
the A/D converter, and the minimum and maximum values from among the converted
values are directly indicated in hexadecimal notation.
Line Min Max: The values indicated in ADC Min Max are converted into the actual unit
and displayed in the same manner.

7.1.1b Scan
—SCan
Acouisition  [FREEYRE Scan Size |10.000 um 'I Eepeatl ﬂbm‘tl
Clock/ms  [01000 ms x| =| Offset X |o | |
> nm ml Single | Fause
STM/AFM ST - Y fonm Dffset|
IE{rzr] | SRS |
Mode INormaI "l hMontage | Aduancedl
Anliuet E |
Tip Yelocity 187 umds Scan Time  34.8 s
B Acquisition

The scanning method is specified in this selection box. The following methods are
provided in the pull-down menu displayed when you click on the “V¥” mark.

® 512x 512
Scanning is performed in a range of 512% 512 pixels. One image frame is displayed in
the Display Window. When one frame’s scanning completes, the displayed image is
gradually replaced from the top by a new image with the next scan.

® 256x 256
Scanning is performed in a range of 256x 256 pixels. Four image frames are displayed
in the Display Window as shown in the figure below in the order of 00 - -0 - 0.

After four image frames are displayed in the Display Window, the displayed image
frames are updated with subsequent scanning in the order of U -0 -0 -0 -0 -0

TMPM42-2 7-3
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® 128x 128
Scanning is performed in a range of 128% 128 pixels. Sixteen image frames are display-
ed in the Display Window as shown in the figure below in the order of U -0 -0 —

0.
n o} 0 o)
0 (0] 6 E
e R f R
r R i S

After sixteen image frames are displayed in the Display Window, the displayed image
frames are updated with subsequent scanning in the order of 1 -0 -0 ...00 -0 -0
g D b d D - .

® CITS
Scanning is performed in a range of 128% 128 pixels in the CITS (Current Imaging Tun-
neling Spectroscopy) mode. In the CITS mode, the I-V measurement is performed at
every pixel in one frame (Topography) scan. Usually, the I-V characteristics are meas-
ured while an STM image is being scanned. Parameters for the -V measurement, such as
a bias voltage and measurement points, are specified in “I-V” in the “SPS Parameters”
window. Images displayed during scanning are as follows.

Topo | Current
image | image

Current
image

” ” ” ”

In this system, the I-V measurement not only during scanning in the CITS mode but also
during scanning in the Contact mode can be performed by combining necessary
parameter items.
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® Mirror
Scanning is performed in a range of 256X 256 pixelsU Images are displayed in the for-
ward and backward directions, that is, in the left — right — left directions. The images
are scanned, first, downward from top to bottom and then, upward from bottom to top.
—

<—
T—» T -
When the Mirror scanning is specified, the sample bias voltage in forward and backward
scanning automatically changes. In the case of the images displayed on the left side in
the Display Window the bias voltage specified in “Sample” is applied. In the case of the
images displayed on the right side the bias voltage specified in “Back Scan” is applied. If
the same voltage is specified for “Sample” and “Back Scan,” scanning hysteresis and tip
shape can be checked in forward and backward scanning. If a different voltage is speci-

fied for “Sample” and “Back Scan” in the STM mode, STM images with two different
bias voltages can be observed by one scanning.

® 2 Inputs

Scanning is performed in a range of 256x 256 pixelslJ Two different kinds of data are ac-
quired and displayed simultaneously. The input signals are specified in “1” and “2” of
“Display Source.” Two image frames are displayed in the following order in the Dis-
play Window.

Display Display
Source Source
1 2

When the images are grabbed after being scanned, they are separately grabbed as differ-
ent images. The gain and offset for an image designated as “Topography” in “Display
Source” are specified in the “Z Input” frame in the “SPM Parameters” window, and the
gain and offset for other images are specified in the “Other Inputs” frame (if “Auto Set”
is selected). If both images are other kinds than “Topography,” the offset is calculated by
the signal specified in “1” of “Display Source.”
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® 4 Inputs

e |-V
® S-V
TMPM42-2

Scanning is performed in a range of 256x 256 pixelslJ Two different kinds of data are ac-
quired and displayed simultaneously. The input signals are specified in “1” to “4” of

“ Display Source.”  Four image frames are displayed in the following order in the Dis-
play Window.
Display Display
Source Source
1 2
Display Display
Source Source
3 4

When the four images are grabbed after being scanned, they are separately grabbed as
different images. The gain and offset for an image designated as “Topography” in “Dis-
play Source” are specified in the “Z Input” frame in the “SPM Parameters” window, and
the gain and offset for other images are specified in the “Other Inputs” frame (if “Auto
Set” is selected). The same gain and offset are applied for the second to third (or fourth)
other images (if “AutoSet” is checked). If other images are displayed in black or white
(saturated) due to greatly different offset values, remove the check mark of “AutoSet”;
enter 0 to “Offset/V” manually; grab the image; then adjust the brightness and contrast
using the “Adjust LUT” function.

The I-V characteristic between the tip and the specimen is measured. The I-V measure-
ment is performed only once and the data is grabbed when the “Single” button is clicked
on. When the “Repeat” button is clicked on, the I-V measurement is continuously per-
formed, and the data is grabbed when the “Grab” button is pressed. The I-V measure-
ment is possible in the STM and Contact modes with an STM tip or with a conductive
cantilever mounted on a non-contact cantilever holder. The I-V is also available with the
Slope-mode AFM and FM-mode AFM, but these are not generally used.

In this I-V measurement, the tunneling current (I) is measured while keeping the distance
between the tip and the specimen surface constant and scanning the bias voltage (V).
Parameters for the -V measurement such as “Bias voltage scanning range” and “Preamp
gain” are set in the “SPS Parameter” window, and the point at which the I-V measure-
ment is performed is specified using the “Position” function in the “Tip” window.

The S-V characteristic is measured. In this mode, the distance between the tip and the
specimen surface (S) is measured while keeping the tunneling current constant and scan-
ning the bias voltage (V). The S-V measurement is performed only once and the data is
grabbed when the “Single” button is clicked on. When the “Repeat” button is clicked on,
the S-V measurement is continuously performed, and the data is grabbed when the
“Grab” button is pressed. Parameters for the S-V measurement such as “Bias voltage
scanning range” are set in the “SPS Parameter” window, and the point at which the I-V
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measurement is performed is specified using the “Position” function in the “Tip” win-
dow.

® |-S (available only in the STM mode)

The I-S characteristic is measured. In this mode, the tunneling current (I) is measured
while keeping the bias voltage constant and scanning the distance between the tip and
specimen surface (S). This measurement is possible only in the STM mode with an STM
tip or with a conductive cantilever mounted on a non-contact cantilever holder. Parame-
ters for the I-S measurement such as “Scanning range” and “Preamp gain” are set in the
“SPS Parameters” window, and the point at which the I-V measurement is performed is
specified using the “Position” function in the “Tip” window.

® Force Curve (available only in the AFM mode)

The Force Curve characteristic is measured. In this mode, the atomic force acting be-
tween the cantilever tip and the specimen surface is measured while scanning the dis-
tance between the cantilever tip and the specimen surface. This measurement is possible
for modes other than the STM mode. Parameters for the Force Curve measurement such
as “Scanning range” and “Offset” are set in the “SPS Parameter” window, and the point
at which Force Curve measurement is performed is specified using the “Position” func-
tion in the “Tip” window (refer to Section 7.1.1i and Section 7.1.1m).

The Force Curve measurements are performed by scanning in both the forward and
backward directions and the measured data are displayed in different colors in the Dis-
play Window.

® Line Scan 128, Line Scan 256, Line Scan 512

In these modes, data are acquired only in the X-direction scanning by keeping the Y-
direction position constant, and data are displayed in the Display Window with X- and
Y-direction scanning. These modes are used for dynamic observation of time-varying
phenomena on the specimen surface such as step edge swaying. The numbers of pixels
for one scan line and the numbers of scans (number of lines for display) are the same,
and these are 128, 256 and 512 for Line Scan 128, Line Scan 256 and Line Scan 512, re-
spectively.

The line position on which the data is measured is specified using the “Position” function
in the “Tip” window, and scanning is performed from this position only in the X direc-
tion.

® SPS
The SPS (Scanning Probe Spectroscopy) measurement is performed. In this mode, the I-
V, S-V, I-S or Force curve measurement is performed at the designated point during the
normal image scanning. The following is the procedure for the SPS measurement.

1. Set the parameters for the normal image scanning in the “SPM Parameters”
window.

2. Set the parameters for each SPS measurement in the “SPS Parameters” win-
dow. Designate the kind of mode in “SPS Mode.”

3. Click on the ¥ mark in the “Acquisition” selection box in the “SPM Parame-
ters” window and select “SPS” from the pull-down menu.

4. Click on the “Repeat” button on the “SPM Parameters” window to start scan-
ning.
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Scanning is performed in a range of 512% 512 pixels according to the conditions set
in the “SPM Parameters” window and the image is displayed on the Display Win-
dow.

5. Click on the “SPS” button.

The “SPM Parameters” window will disappear. If you move the cursor to any point
of the displayed Display Window, the cursor mark changes to a “+” mark.

6. Move the cursor to the position where measurement is to be performed and
click the left mouse-button on that position to determine the measurement po-
sition.

The “SPM Parameters” window will appear again.
7. When scanning is performed up to the designated position, measurement is
performed; then the measured data is displayed.
* If you do not want to save the data, press the “Cancel” button.
* If you designate, in the image that is being scanned, the position where scanning
has already been performed, measurement begins there in the next scan.

Designated point

+ B

Scanning line — l

8. When scanning of one image frame has been completed, the image is nor-
malized and displayed.
Enter the title of the image and press the “OK” button. If you do not want to save
the data, press the “Cancel” button.

® Montage

In this measurement, a specified observation area on a specimen surface is divided into
many small scanning areas and the obtained images are montaged as one image.
Parameters for montaging are specified in the “Montage” window which is opened by
clicking on the “Montage” button in the “Scan” frame in the “SPM Parameters” window.
After setting montage parameters and selecting “Montage” in the “Acquisition” selection
box, click on the “Repeat” button; then, scanning starts and a montaged image can be
grabbed.

® Friction F-C (available only in the Contact mode)
In this measurement, the friction force acting between the cantilever and the specimen
surface is measured while scanning the cantilever in the Y direction over the specimen
surface and the measured data is displayed as a graph. This measurement is possible
when “Contact” is selected in the “STM/AFM” selection box. The friction force meas-
urement is performed by scanning in both forward and backward directions and the
measured data are displayed in different colors in the Display Window. Parameters for
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the friction force measurement such as “Scanning range” and “Offset” are set in the
“SPS Parameter” window.

® Imaging

Like the scanning in the “Tiny Tab” mode, in this measurement, scanning is performed
downward from top to bottom and then upward from bottom to top.

B Clock/ms

Scanning speed is specified in this selection-box as the unit of time per step (pixel).
Thirteen speeds, from 0.01 ms/step to 10 ms/step, are provided in the pull-down menu
displayed when you click on the “ ¥ ” mark.

Note: Scanning in the X direction is performed in 512 steps regardless of the number of
pixels. Certain scanning speeds can not be changed during scanning because they
are indicated by average values at one or two points. When you click on the
“Clock/ms” selection box during scanning in progress, only the changeable
speeds are displayed in the selection box. When you want to select speeds other
than the displayed changeable speeds, first, stop scanning by clicking on the
“Abort” button and then select other speeds.

The actual tip speed and the time required to scan one frame are indicated in “Tip Veloc-
ity” and “Scan Time” in the “Scan” frame in the “SPM Parameters” window.

Bl Montage

TMPM42-2

Clicking on the “Montage” button opens the “Montage” window.

Mumber of s o Mumber of 128 C

Images: i Pixels: o5g (e Coneal |
Overlap = IU.U nm Total Size e |4DCICI.D nm

A IU.U nm A |4DEIEI.D nm
Image Size 2000 nm

Scan Direction IUp.-"down vl
Delay Between Images |1UU.D ms

Click on the “ ¥ ” mark in the “Acquisition” selection box and select “Montage.” Set
the parameters for montage in the “Montage” window.

Note: Be sure that the total scanning area never exceeds the maximum scanning range
for the scanner in use.
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® Number of Images
This specifies the number of frames composing the total montaged image. The selections
“2x 27 and “4x 4” are provided. Select one of them by clicking on the “O” mark. The
frame arrangement for each selection is shown below.

2x2

® Number of Pixels
This specifies the number of pixels per frame.
The selections “128” and “256” are provided. Select one of them by clicking on the “o ”
mark. When “128” is selected, one unit frame is composed of 128x 128 pixels, and
when “256” is selected, one unit frame is composed of 256% 256 pixels.

Note: If “4x 4” is selected for “Number of Images” and “256” is selected for “Number
of Pixels,” an image is displayed on the screen as 128x 128 pixels, but the data is
stored in the memory as 256X 256 pixels.

® Overlap
Continuity between unit frames is not perfect due to hysteresis and creep of the scanner.
Overlap or gap between frames may occur. The “Overlap” input boxes specify the edge-
to-edge distance between frames in “X” and “Y” directions in nm. Positive and negative
values can be entered for overlap and gap as shown below.
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S

Positive Negative

Overlap Gap

® Total Size
The “Total Size” input boxes specify the total scanning area in nm. The area specified in
these input boxes is the total size of scanning.

[Example 1]

“Number of Images” 2x 2 “Total Size” “X” 3000 nm “Y” 3000 nm
“Overlap” “X”0nm  “Y” 0nm
1500 o
A A
1500
y 3000
A
B 3000
[Example 2]
“Number of Images” 2x 2 “Total Size” “X” 3000 nm “Y” 3000 nm
“Overlap” “X”10nm  “Y” 10 nm
1505
A
1505
3000
Overlap X 10 nm
Y 10 nm
Y

3000

/
Y
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In the “Montage-scan” mode, this “Total Size” has priority in determining the scanning
range of one frame that is specified in “Image Size.”

Note: During montage scanning, “Scan Size” in the “SPM Parameters” window cannot
be used.

® Scan Direction
This selection box specifies the direction of the unit frame scanning. “Up/down” and
“Left/right” are provided in the pull-down menu. The actual frame scanning order is
shown below for the “4x 4” case.

* Up/down
n 0 ® r
0 o] R R
0 6 f f
0 E R S
4x 4
n 0
0 0
2x 2
* Left/right
n 0 0 o]
o] (0] 6 E
e R f R
r R i S
4% 4
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2% 2

® Delay Between Images
The waiting time between one frame scan and the next frame scan is specified in this in-
put box. Just after a large shift (frame to frame) of the scanner, drift may occur due to the
creep characteristic of the scanner. In order to decrease the effect of this phenomenon, a
waiting time is taken.

Note: For a good montage image, an appropriate setting of “Overlap” and “Delay Be-
tween Images” is important and necessary. As these values depend upon “Total
Size” and “Clock/ms,” try to perform scanning as many times as needed to find
appropriate values.

B STM/AFM

Specify the scanning mode. Strictly speaking, you have to specify the kind of signal to
be used for the Z-direction feedback in this selection box.

® STM
This is the STM mode. The logarithmic value of the tunneling current is designated for
the feedback signal.

® Contact
This is the contact mode AFM. The (A-B)/(A+B) signal is designated for the feedback
signal.

® Slope
This is the AC mode AFM. The RMS (Root-Mean-Square) of (A-B)/(A+B) is designat-
ed for the feedback signal.

® FM
This is the FM detection mode of the AC mode AFM. The PLL (Phase-Locked Loop)
output signal is used for the feedback signal.

® Phase

This is the mode used when the AC mode AFM (Slope detection method) is selected.
The Phase output signal is used for the feedback signal.
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B Mode

The following modes can be used when optional attachments are used to perform vis-
coelasticity measurement, lateral-modulation FFM measurement, Kelvin Force Micro-
scope measurement and MFM (Magnetic Force Microscope) measurement.

® Normal
This mode is used when ordinary measurement is performed.

® VE-AFM, LM-FFM
These modes are used when an optional attachment, TM-26010/26020 Viscoelasticity
and Lateral-Modulation FFM (50)/(60), is used.

® KFM
This mode is used when an optional attachment, TM-26030 Kelvin Force Microscope, is
used.

® MFM
This mode is used when MFM measurement is to be performed.

B Scan Size

Specify the scanning area in this selection box. Two methods are provided.
* Click on the “ ¥ ” mark in the box and select a scanning area from the pull-down menu
showing some scanning areas.
* Enter a value using the keyboard. Then, the nearest scanning area is selected.
Notes: 1. The selected scanning area is not always the same as the entered value
because the value is rounded.
2. The following units can be used for the entered value:
pm: 10 m
nm: 10° m
um: 10°m
mm: 10° m
For example, when “3.000um” is entered, the scanning area is 3.0y m. If
a unit is not entered, the previously entered unit is applied.
3. The maximum scanning area depends on the scanner calibration value
selected in the “SPM CalibrationJU0” window.

B Offset

The coordinates of the center point of scanning area are shifted within the scanning area.
Enter the shift values directly in the “Offset” input window using the keyboard or click
on the “Offset” button to open the “Offset” window and specify them in the “Offset”
window.
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® When Specifying the Center Point in the Offset Window

Y offset/nm

| 41628

. o -

[" Disshle

4] [ | v |-41628
-41628 |o_000 41628
¥ offgset/nm sl |

[ Disahkle

In this window, the current scanning area is displayed. There are three methods for
specifying the shift values (the coordinates of the center point) as follows.

1. Dragging
Move the cursor to the current scanning area. The cursor will change to the “+”
mark. Then, drag the cursor to a desired position.

2. Scroll bar
The current scanning area can be moved by using the scroll bar. This method is use-
ful for a tiny scanning area such as for observing an atomic image.

Maximum scanning
area

Y offset z

—Current scanning
area

s

X offset

3. Input boxes
The offset values can be entered directly into the input boxes for the X and Y axes

in the “Offset” window using the keyboard.
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® Disable (check boxes)
When a “Disable” check-box is checked, the scanning area cannot be moved in this di-
rection. For example, when “Disable” for the Y axis is checked, the scanning area can be
moved only in the X direction.

B Zoom

A new scanning area can be designated in the displayed image.

Click on the “Zoom” box; then move the cursor to the Display Window. The cursor will
change to the “+” mark. Then, designate a new scanning area by diagonal points as
shown below.

N,
N,
N,
\
\.
\
\,
\,
.
S
.
.
\
\. 7
\ s
\ %
N %
\, %
|7
N

Zrhe cursor can move only on the The next scanning
45° lines.

The new scanning area is indicated in “Scan Size” and “Offset.”

Note: This function is not in effect during scanning. Stop scanning by clicking on the
“Abort” button; then specify the new scanning area.

B Scan Advanced

When the “Advanced” button is clicked on, the “Scan Advanced” window is opened.

Scan Advanced

Image Angla
L r 2
-180 ID_U 180
[~ Add External X Signal Scan Filker |

I~ Add External ¥ Signal
[~ &dd External Z Signal

|- Add External Bias Signal &I

® Image Angle
This scroll bar specifies the scanning angle within the range of —180° to +180°. A posi-
tive angle means counterclockwise rotation.

Note: Usually, “0” is specified.
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45c

® Add External X Signal
When this check box is clicked on, the signal input from the ADX terminal on the rear of
the SPM CONTROL unit is added to the X-axis scanning signal. Unless this check box
is checked, the signal input from the ADX terminal is not added. Actually, a signal 15
times larger in amplitude is added. That is, inputting a * 1 V sine-wave to the ADX
terminal outputs + 15 V.

Note: The maximum input rating of the ADX terminal is * 10 V. However, as the
maximum X-axis scanning voltage is + 150 V, the total added scanning voltage is
saturated at * 150 V even if the signal input to the ADX terminal exceeds + 150
V.

® Add External Y Signal
When this check box is clicked on, the signal input from the ADY terminal on the rear of
the SPM CONTROL unit is added to the Y-axis scanning signal. Unless this check box
is checked, the signal input from the ADY terminal is not added. Actually, a signal 15
times larger in amplitude is added. That is, inputting a * 1 V sine-wave to the ADY
terminal outputs + 15 V.

Note: The maximum input rating of the ADY terminal is + 10 V. However, as the
maximum Y-axis scanning voltage is + 150V, the total added scanning voltage is
saturated at * 150 V even if the signal input to the ADY terminal exceeds + 150
V.

® Add External Z Signal
When this check box is clicked on, the signal input from the ADZ terminal on the rear of
the SPM CONTROL unit is added to the Z-axis scanning signal. Unless this check-check
box is checked, the signal input from the ADZ terminal is not added. Actually, a signal
15 times larger in amplitude is added. That is, inputting a + 1 V sine-wave to the ADX
terminal outputs + 15 V.

Note: The maximum input rating of the ADZ terminal is + 10 V. However, as the
maximum Z-axis scanning voltage is + 150 V, the total added scanning voltage is
saturated at + 150 V even if the signal input to the ADZ terminal exceeds + 150
V.

® Add External Bias Signal
When this check box is clicked on, the signal input from the ADB terminal on the rear of
the SPM CONTROL unit is added to the bias voltage. Unless this check box is checked,
the signal input from the ADB terminal is not added. The signal input from the ADB
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terminal is added as it is. That is, inputting a + 1 V sine-wave to the ADB terminal out-
puts =+ 1V.

Note: The maximum input rating of the ADB terminal is + 10 V. However, as the
maximum bias voltage is about *+ 12V, the total added scanning voltage is satu-
rated at = 12V even if the signal input to the ADB terminal exceeds + 12 V.

® Scan Filter
The filter for the scanning signal is designated by this button. Clicking on the “Scan Fil-
ter” button opens the “Scan Filter” window. When “High Frequency” or “Low Fre-
quency” is selected, the scanning signal waveform becomes as shown below.

NV VY

High frequency Low frequency

When a high scanning speed is selected, vertical streaks sometimes appear on an image.
This is because vertical streaks are created by mechanical vibration of the scanner due to
the acceleration at the top point of the triangular waveform. If such a phenomenon oc-
curs, the most effective remedy is to change the scanning speed to a low speed. If the
image quality deteriorates due to the change of the scanning speed, set this “Scan Filter”
to “Low Frequency.”

Usually, “High Frequency” is used.

B Repeat

When this button is clicked on, scanning starts with the mode specified in “Acquisition.”
Since scanning repeats continuously, this function is usually used for image observation.
If you want to store an image, click on the “Grab” button during scanning. Then the data
which is being scanned when the “Grab” button is pressed is stored in the computer
memory.

B Single

When this button is clicked on, scanning is performed only once with the mode specified
in “Acquisition” and the image is automatically stored (grabbed) in the computer mem-
ory. This function is used to acquire data only once, and is useful in cases such as Force
Curve measurement where repeated scanning might damage the specimen.

B Grab

When this button is clicked on during scanning, “Grab Frame” is indicated in the
“Status” frame and the image data is stored in the computer memory when the scanning
is completed. As “Enter image title” will be displayed at this moment, enter a title for the
image from the keyboard; then click on the “OK” button. This title is used only for data
storing in the memory and not for image saving in the disk. If you do not want to save
the image in the disk, click on the “Cancel” button. Then the image data is cleared.
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Note: After the “Grab” button is clicked on, the scanning remains in suspension. To re-
start the scanning, click on the “Repeat” button. If the “Grab” button is clicked on
again during the scanning, the “Grab” function is canceled and the following
scanning continues.

Bl Abort

When this button is clicked on, the scanning is stopped and the tip returns to the initial
position.

B Pause

When this button is clicked on, the scanning is temporarily stopped and the tip stays at
the present position. Clicking on the “Repeat” or “Single” button restarts the scanning
from that position.

B SPS
When the “SPS (Scanning Probe Spectroscopy)” mode is designated in “Acquisition,”
the point where the SPS measurement is to be performed is specified with this “SPS”
button.
When the “SPS” button is clicked on, the “SPM Parameters” window disappears. Move
the cursor to the Display Window; then the “+” mark will appear on the image. Position
the cursor at the point where the SPS measurement is to be performed; and click the left
mouse-button. The point is specified and the “SPM Parameters” window will appear
again.

B Adjust PD

Clicking on this button indicates the position of the laser beam illuminated on the photo-
diode. The red spot shows the laser beam illumination position. Adjust the photodiode
position so that the red spot goes into the region indicated in blue.

TMPM42-2 7-19



7. REFERENCE

7.1.1c Bias/V

Bias/™

Sample  [0000 et | Advanced |
Clean |1 D00 Oleanl

B Sample

The bias voltage is specified in this input box. In the JSPM-4200 the voltage specified in
the “Sample” input box is always applied to the sample. When the “Set” button is click-
ed on, a bias voltage can be specified with the bar chart in the “Status” frame. A bias
voltage of up to + 10 V can be specified.

B Clean

When STM image quality becomes worse during observation, applying a different bias
voltage for a short time may make the quality better, because it cleans the tip. The
“Clean” input box specifies a cleaning voltage, and this voltage is applied while the
“Clean” button is clicked on. The voltage is entered using the keyboard.

This function, however, is not used in the JSPM-4200. For the tip cleaning, refer to Sub-
section 7.1.11 “High Bias.”

B Bias Advanced

Clicking on the “Advanced” button opens the “Bias Advanced” window.

Bias Advanced

Back Scan |o.ooo Setl :
Offset o000 SE’tl e |

® Back Scan
This input box specifies the bias voltage to be applied in backward scanning when “Mir-
ror” is selected in the “Acquisition” selection box.

Bias voltage specified

in "Sample’ is applied. Bias voltage specified
\ f in '‘Back Scan' is applied.

/ \
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Note that this function is in effect only when “Mirror” is selected. If any other scan-
ning method is specified in the “Acquisition” selection box, the bias voltage that is
specified in “Sample” is applied in both forward and backward scanning, even
though different voltages are specified in “Sample” and “Back Scan.”

Y Sample bias

Back scan bias __/

Note: A simple CITS can be performed using this function. This is a useful method to
determine the bias voltage for CITS measurement.

® Offset
When STM observation is performed while directly heating a specimen with the optional
4-terminal Specimen Holder [TM-21010], the power supply for heating is used with an
electrically floating condition as shown in the figure below.

Power supply

GND

Specimen
v % retainer

B+

| O |

—C | O+

Specimen

When the STM tip positions just in the center of the specimen, the actual bias voltage is;
Voltage specified in the “Sample” input box — heating-power voltage/2

Therefore, if you input a numerical value in the “Offset” input box so that you may not

mistake the bias voltage actually applied, the bias voltage between the sample and the tip

can be indicated by the voltage of [the “SPM Controller bias voltage” — the “Offset”

voltage].

Note: This “Offset” function is used only for the sake of indication. The voltage output
from the SPM control unit is the same as the “Sample” voltage indicated when the
“Offset” voltage is set to 0 V.
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7.1.1d Feedback/Filters

Eeed back/Filters

Fhack Filter/Hz |1.DEJ 'Ij Advanc:edl
Reference I':"':'[:":I met

B Fback Filters/Hz

The cutoff frequency of the feedback loop is specified in this selection box. Eight fre-
quencies from 0.01 Hz to 10 Hz are provided in the pull-down menu which is displayed
when the “ ¥ ” mark is clicked on. Response of the feedback loop becomes slower when
a smaller frequency is selected, and vice versa. In ordinary topography observation, as
high a frequency as possible is selected, but too high a frequency causes the feedback
circuit to be prone to oscillating . In the cases of the current image and force image, on
the other hand, a lower frequency than that for topography observation is selected.

Note: The filter used in this system is a low-pass filter, and the cutoff frequency means
the beginning frequency of gain decrease.

. A
Gain

»
»

L Cutoff Frequency
frequency

Bl Current/nA (can be used in the STM mode)
Reference/V (can be used in the AFM mode)

® Current/nA
“Current/nA” is displayed when “STM” is selected in the “STM/AFM” selection box.
The tunneling current flowing between the tip and the specimen is specified in this input
box, and the feedback circuit acts so that the tunneling current becomes the specified
value.

® Reference/V
“Reference/V” is displayed when “Contact,” “Slope,” “FM,” or “Phase” is selected in
the “STM/AFM” selection box. The reference voltage is specified in this input box, and
the feedback circuit works so that the reference voltage becomes the specified value.

Note: Regarding the feedback signal for “Contact,” “Slope,” “FM” or “Phase,” refer to
Subsection 7.1.1b “STM/AFM.”
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B Feedback/Filters Advanced

When the ‘Advanced’ button is clicked on, the “Feedback/Filters Advanced” window is
opened.

Feedback/Filters Advanced

D
Z Filter/kHz |5D LI o |
ance |
Preamp Filter/kHz 50 =
Preamp Gain I]_DD WA R, vI
Loop Gain ‘O
’71’ Lowe 2 3 = High  Hald
External Offset
I I B
-100% ||:u300 100%

® Tip Retract at abort

When the “Abort” button is clicked on during scanning, the scanning stops and the tip
immediately returns to the initial position. Therefore, when a rough-surface specimen is
observed, the tip is likely to collide with the specimen surface (when the “Abort” button
is clicked on, the feedback is functioning, but the tip movement is too fast to avoid such
collision). If the “Tip Retract at abort” check box is checked, the tip first is retracted and
then returns to the initial position, the tip thus being prevented from colliding with such
an uneven-surface specimen

Note: Usually, the “Tip Retract at abort” button is not checked. If this function is ap-
plied to an even-surface specimen, the obtained image might become bright or
dark at the beginning of the next scan due to the creep characteristic of the Z
scanner. For tip retract, refer to Subsection 7.1.1m “Tip Retract.”

® Z Filter/kHz

The cut-off frequency of the low-pass filter for the input voltage of the topography im-
age signal is specified in this selection box. Four frequencies from 2 kHz to 50 kHz are
provided in the pull-down menu which is displayed when the “ ¥ ” mark is clicked on.
This filter, having nothing to do with the feedback, is added as a low-pass filter for fil-
tering the noise component of the topography-image signal before A/D conversion.  If
a strong high-frequency noise component is included in the image even after “Fback
Filter,” “Loop Gain” and “Current/Reference” are adjusted, a lower frequency should be
selected. Remember that this filter is used just as an auxiliary function.

Note: Usually, 50 kHz is selected.

® Preamp Filter/kHz
The cutoff frequency of the low-pass filter for the detected tunneling current is specified
in this selection box. Four frequencies from 2 kHz to 50 kHz are provided in the pull-
down menu which is displayed when the “ ¥ ” mark is clicked on. This filter, having
nothing to do with the feedback, is added as a low-pass filter, when “Linear Current” or
“Log Current” is specified in “Display Source,” for filtering out the noise component be-
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fore A/D conversion. This filter is in effect only when “Linear Current” or “Log Cur-
rent” is selected in “Display Source.” If a strong high-frequency noise component is
included in the image, a lower frequency should be selected. Remember that this filter is
used just as an auxiliary function (as the noise largely depends on the tip condition).

Note: Usually, 50 kHz is selected.

® Preamp Gain
The gain for the tunneling current preamplifier is specified in this selection box. Three
gains are provided as shown below.

Gain Tunneling current
1 V/nA 0to 10 nA
0.1 V/nA 0 to 100 nA
0.01 V/nA 0tolpy A

Usually, 1 V/nA is selected for the ordinary STM mode, but if a tunneling current ex-
ceeds 10 nA in the I-V measurement, or if a contact current exceeds 10 nA in the contact
current measurement in the AFM Contact mode, 0.1 V/nA or 0.01 V/nA can be selected.

Note: In the contact current measurement, if the current is too large, the cantilever tip
and the specimen surface could be damaged by Joule heating. Be careful not to set
too large a bias voltage.

® Loop Gain

The loop gain of the feedback circuit is selected with these radio buttons. The gain be-
comes larger with the button number. Usually, “3” or “High” is selected for the AFM
mode, and “2” or “3” is selected for the STM mode. “Loop Gain” and “Fback Filter/Hz”
are closely related to each other. Even if “Loop Gain” is small, a large “Fback Filter/Hz”
(faster response) causes the feedback circuit to be prone to oscillating. Even if “Loop
Gain” is large, a small “Fback Filter/Hz” (slower response) causes the feedback circuit
not to be prone to oscillating. During image observation, select “2” or “3” for “Loop
Gain”; adjust “Fback Filter/Hz”; then select a “Loop Gain” one step larger if no oscilla-
tion occurs. When setting “Loop Gain” to “1,” make sure that the Z-voltage is near zero
volt. If the Z-voltage is far from zero, the tip may collide with the specimen or go far
away from the specimen surface, because the Z-voltage can follow only within + 20 V
to + 30 V when ‘Loop Gain’ is “1.”

® Sample/Hold
The feedback is set to ON or OFF with these radio buttons. When “Sample” is selected,
the feedback functions, and when “Hold” is selected, the Z voltage is held at the present
position. Select “Sample” for image observation. Since the software automatically se-
lects “Sample” or “Hold” when I-V or Force-curve is measured, you can usually leave
“Sample” selected.

® External Offset
Offset voltage is added to the ((C—D)/(C+D)) of the AFM AMP unit using this scroll box.
When the optional Vacuum Evacuation System [TM-24060] is used, the cantilever may
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bend due to the vacuum, and the bending of the cantilever is corrected by this function.
Since the FFM value can not be corrected mechanically from outside of the vacuum, it
must be corrected electrically (with “External Offset”). First, adjust the AFM value
((A-B)/(A+B)) to zero volt using the Y-axis adjusting knob; then adjust the FFM value
to zero volt using this scroll bar. If the shift of the FFM value is larger than + 10 V even
after the AFM value is adjusted, no correct data can be expected even if it is seemingly
corrected with “External Offset.” In such a case, vent the vacuum and adjust the FFM
value again.

7.1.1e Display Source

— Display Source
1 ITDngraphy j
z ITDngraphy j
3 ITDngraphy j
4 ITDngraphy j
Auailable
1 [AFM =l
2 ILinear c:urrer‘rj

Bl Available Source

This system has four image-input and display channels. However, the system provides
the following seven signals:

Topography: Topography signal. Voltage applied to the Z-scanner after feedback
Aux1: Signal corresponding to the cantilever deflection. AFM ((A-B)/
(A+B)) signal
Aux2: Signal corresponding to the cantilever twist. FFM ((C-D)/(C+D))
signal
Aux3: Phase signal
AFM: Feedback signal in the AFM mode.
Contact mode: (A-B)/(A+B) signal
AC mode (Slope): RMS value
AC mode (FM): PLL value
AC mode (Phase): Phase value
Log Current: Logarithm of tunneling current

Linear Current:  Tunneling current

The Topography and Aux1 signals are always allocated to two channels. Two of the other
five signals (Aux2, Aux3, AFM, Log Current, Linear Current) are allocated to the re-
maining two channels. Click on the “ ¥ ” mark in each selection-box, and select an ap-
propriate signal from the pull-down menu. The signals allocated to “Display Source 1 to
4” are the usable signal sources.
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B For STM Mode
Topography (channel O)

Two signals out of three (Log Current, Linear AFM (channel )
Current and Aux2) are selected. Usually, Log

. Log Current 7
Current and Linear Current are selected.

Linear Curren
Aux

o (Channel 2)
Available Source

One signal is selected

Log Current 7
Linear Curren
Aux3

o (Channel 3)
Available Source 2

One signal is selected

B For Other Modes

Two signals out of five (Log Current, Linear Current, AFM, Aux2 and Aux3) are se-
lected.

AFM is selected in “Available Source 1.”

Aux2 and Aux3 are selected in “Available Source 2.”

B Display Source 1,2, 3,4

The images to be displayed on the Display Window are designated in these selection
boxes. The selectable images are Topography, Aux1 and two other images selected in
“Available Source 1 and 2.”

For ordinary scanning, the signal to be displayed is designated in “Display Source 1.”
When “Inputs” or “4 Inputs” is selected in the “Acquisition” selection-box, the signals to
be displayed are designated as follows.

Display Display
Source Source
1 2
Inputs
Display Display
Source Source

1 2
Display Display
Source Source

3 4

4 Inputs
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— Displany
v Auto

| I I e

Tilt X I0.00 =t
A I0.0D

Brightnesslo_oo Setl

Cantrast |?1 24 .21 i

B Auto
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When this check-box is checked, the image signal is normalized line by line and dis-
played. Therefore, image brightness and contrast are automatically corrected. Usually,

this check-box is checked.

When this check-box is not checked, image brightness and contrast can be manually ad-
justed. These adjustments, however, are applied only to an image display process. So,
when the “Grab” operation is performed, the original normalized image is stored in the
computer memory. When the image is recorded directly from the frame memory (not
grabbed), the manually adjusted image (with “Auto” not checked ) is recorded. For the

output from the frame memory, refer to Subsection 7.2.7b “Framegrabber Mode.”

W TitX,Y

The software corrects for tilt. “Tilt Y” is in effect only when the “DC Coupling” check

box is checked.

B Brightness, Contrast

Image brightness and contrast can be corrected.

71.1g ZInput

= Input
Offsats/ N
[ =16 Gain

oo Zef

v AutoSet

—Dither Inputs
Offset/ Y

I~ %16 Gain

[T El

W SutoSet

“Gain” and “Offset” are set for the input signal of topography (1/15 of the voltage ap-

plied to the Z scanner after feedback).

B Offset/V

The offset voltage to be added to the Topography signal is specified in this input box.

This function is in effect only when the “AutoSet” check box is not checked.

TMPM42-2
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B x16 Gain

When this check box is checked, the amplifier gain for the Topography signal becomes
16 times. This function is useful for a very low contrast specimen such as an atomic im-
age. If this “x 16 Gain” function is used for observing a wide area or an uneven-surface
specimen, the image contrast may become saturated. Usually, images are observed
without checking this check box. Be sure to use this function only for specimens whose
image contrast is very poor.

x1o AW

A
Y Display area
#Offset
0 |::> 0
. Auto Set
Display area x16 Gain
_1—0\/ ggfi?]et x?_ ~10V The signal is amplified to 16 times.

B AutoSet

When this check box is checked, the offset voltage is automatically set so that the signal
at the initial position becomes zero volt. If the voltage applied to the Z scanner is posi-

tive (+), an offset voltage is added so that the voltage at that positive position becomes 0
V.

+10V +10V

A
r\/\,\AIV\/\/\/\M\/\A/" Display area

¢ Offset

0 > 0
Auto Set
Display area

g1iov giov

Because of this, the display area starting from the initial position (usually, the upper-left
corner of the image) becomes a maximum. If the initial position is extremely high or low,
or if the specimen is tilted, the image could become white or black during scanning. In
such a case, set “Offset/V” manually.

TMPM42-2 7-28



+10V

J
Offset
Y

,—lnitial position

T

Display area

-10V —

S

A

The image becomes too dark.

Usually, the “AutoSet” check box is checked.

7.1.1h  Other Inputs

7. REFERENCE

The offset and gain specified in this sub-frame are applied to all image signals other than
Topography. When “AuotSet” is checked and “Inputs” (two images) or “4 Inputs” (four
images) is selected in the “Acquisition” selection box, the offset value is determined for
the image signal to be displayed in the lowest number other than Topography. If offset
values are different among the other signals, deselect “AutoSet”; set “Offset/V” to 0 V
manually; grab the image; then try to obtain the optimum image contrast for each image
using the “Adjust LUT” function. The “x16 Gain” setting is seldom used for “4 Inputs.”

7.1.1i SPS Parameters

Clicking on the “SPS Param” button displays the “SPS Parameters” window.

SPS Parameters

v ]av |Fe i |FRo

Low %oltage™

High % altage/y |1_000 Preamp Gain |1.oo WAnd, vI

Ramp Direction f* Auto

1 lp
& Down

Mo to Average
Mo of CITS

Murnber of Points

Close |

|1 vI
|128 "I
|128 'I
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I\

When “IV” or “CITS” is selected in the “Acquisition” selection box, parameters for the
bias voltage scanning are specified in this frame.

Low Voltage/V: The minimum voltage for the bias scanning is specified in this
input box.

High Voltage/V: The maximum voltage for the bias scanning is specified in this
input box.

Ramp Direction: The direction for scanning is selected with radio buttons.

Up: The bias voltage is scanned from the minimum volt-
age to the maximum voltage.

Down: The bias voltage is scanned from the maximum volt-
age to the minimum voltage.

Auto:  The bias voltage is scanned from the maximum or
minimum voltage, whichever is nearer to the “Sam-
ple” (in “Bias/V” frame) voltage.

No to Average: The number of data to be averaged is selected in this selection
box.

Preamp Gain: The preamplifier gain is specified in this selection box.

Source: An input signal is designated from the pull-down menu.
Topography... Voltage applied to the Z scanner
Log Current...Logarithm of tunneling current
Linear Current... Tunneling Current
Aux1...AFM ((A-B)/(A+B)) value
Aux2...FFM ((C-D)/(C+D)) value
The kinds of signals to be displayed are specified in “Available
Source” on the “SPM Parameters” window.

Usually, “Linear Current” is selected for the IV measurement.

No of CITS images: The number of CITS images (16, 32, 64 or 128) is selected in
this selection box [only for CITS]. The bias voltage scanning
range is by this number, and the tunneling current is measured
at each resulting bias voltage.

Number of Points: The number of bias voltages (128, 256, 512, 1024 or 2048) at
which the tunneling current is measured is selected in this se-
lection box [only for IV]. The bias voltage scanning range is
divided into equal intervals by this number, and the tunneling
current is measured at each resulting bias voltage.

W SV

When “SV” is selected in the “Acquisition” selection box, the parameters for the bias
voltage scanning are specified in this frame.

Low Voltage/V: The minimum voltage for the bias scanning is specified in this
input box.

High Voltage/V: The maximum voltage for the bias scanning is specified in this
input box.

Ramp Direction: The direction for scanning is selected with radio buttons.
Up: The bias voltage is scanned from the minimum volt-

age to the maximum voltage.
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Down: The bias voltage is scanned from the maximum volt-
age to the minimum voltage.

Auto:  The bias voltage is scanned from the maximum or
minimum voltage, whichever is nearer to the “Sam-
ple” (in “Bias/V” frame) voltage.

The number of data to be averaged is selected in this selection

box.

An input signal is designated from the pull-down menu.

Topography... Voltage applied to the Z scanner

Log Current...Logarithm of tunneling current

Linear Current... Tunneling Current

Aux1...AFM ((A-B)/(A+B)) value

Aux2...FFM ((C-D)/(C+D)) value

Usually, “Topography” is selected for the SV measurement.

The number of bias voltages (128, 256, 512, 1024 or 2048) at

which the gap between tip and specimen surface is measured is

selected in this selection box. The bias voltage scanning range
is divided into equal intervals by this number, and the gap is
measured at each resulting bias voltage.

B FC (can be used in the AFM Mode)

When “Force Curve” is selected in the “Acquisition” selection box, parameters for force
curve measurement are specified in this frame. This item is in effect only for the AFM

TMPM42-2

mode.

Tip Displacement/nm:
Tip Offset/nm+ :

Ramp Direction:

No to Average:

ADC Source:

The range of the cantilever height (Z direction) scanning is

specified in this input box.

The offset value of the cantilever scanning (Z direction) is

specified in this input box. Usually, 0 (zero) is specified.

The direction for specimen movement is selected with radio

buttons.

In->Out: Specimen surface moves away from the cantilever;
then approaches to the cantilever.

Out->In: Specimen surface approaches to the cantilever; then
moves away from the cantilever.

Usually, “Out->In” is selected for the Force Curve measure-
ment.

The number of data to be averaged is selected in this selection

box. Usually, “1” is selected.

An input signal is designated from the pull-down menu.

Topography... Voltage applied to the Z scanner

AFM...Feedback signal

Aux1...AFM ((A-B)/(A+B)) value

Aux2...FFM ((C-D)/(C+D)) value

Usually, “Aux1” is selected for the FC measurement.

Note: The number of measurement points is always 64 for both forward and backward
scanning, giving a total of 128 points.
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B IS (can be used in the STM mode)

When “IS” is selected in the “Acquisition” selection box, the parameters for IS meas-
urement are specified in this frame. This item is in effect only for the STM mode.

Tip Displacement/nm:  The range of the cantilever height (Z direction) scanning is
specified in this input box.

Tip Offset/nmz* : The offset value of the cantilever scanning (Z direction) is
specified in this input box. Usually, 0 (zero) is specified.
Ramp Direction The direction for scanning the tip is selected with radio buttons.

In->Out: The tip moves away from the specimen.
Out->In: The tip apptoaches to the specimen.

No to Average: The number of data to be averaged is selected in this selection
box.

Preamp Gain: The gain of the preamplifier is specified in this selection box.

Source: An input signal is designated from the pull-down menu.

Log Current...Logarithm of tunneling current

Linear Current... Tunneling Current

Aux1...AFM ((A-B)/(A+B)) value

Aux2...FFM ((C-D)/(C+D)) value

Usually, “Linear Current” is selected for the IS measurement.

B FFC (can be used in the AFM mode)

When “Friction F-C” is selected in the “Acquisition” selection box, the parameters for
the bias voltage scanning are specified in this frame.

Tip Displacement/nm:  The range of the cantilever lateral scanning is specified in this

input box.

Offset/nmz* : The offset value of the cantilever lateral scanning is specified
in this input-box. Usually, 0 (zero) is specified.

Ramp Direction The direction for scanning the tip is selected with radio buttons.

Up...The tip moves from bottom to top.
Down...The tip moves from top to bottom.

No to Average: The number of data to be averaged is selected in this selection
box.
Feedback: Whether feedback is to be performed during scanning is speci-

fied in this selection box.
“Sample”...Feedback is on.
“Hold”...Feedback is off.
ADC Source: An input signal is designated from the pull-down menu.
Topography... Voltage applied to the Z scanner
AFM...Feedback signal
Aux1...AFM ((A-B)/(A+B)) value
Aux2...FFM ((C-D)/(C+D)) value
Usually, “Aux2” is selected for the Friction F-C measurement.
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B SPS Mode

When ‘SPS’ is selected in the “Acquisition” selection box, the measurement mode is
designated in this selection box. Select a desired measurement mode from among “IV,”
“SV,” “Force Curve” (only for AFM) and “IS” (only for AFM). Measurement conditions
for the designated measurement mode are specified in the “IV,” “SV,” “FC” or “IS”
frame.

7.1.1j VCO
Clicking on the ‘VCO’ button displays the ‘VCO’ window.

Frequency/KHz |29-9'99| Set | ¥ YO On
Output Ampe IOQQ‘:j Set | I ¥CO High Frequency Cancel |

[~ WCO High Output

—3Scan
Start Frequency/KHz IQE0.000 [T External WCO
=] Extermal BLL
Stop Freguency KHz ISO0.000 =
High Pass Filter/KHz 200 -
[ Phase Display
Low Pass Filter/kKHz 400 -
S
il Centre Pass Filter/kHz [120 -
Peak Freguency/KHz RMS-DO Output m —

A non-contact cantilever is vibrated in the AC mode AFM observation. The cantilever
vibrating parameters are specified in this window.

B Frequency/kHz

The vibrating frequency is specified in this input box. The frequency range depends on
whether or not “VCO High Frequency” is checked.

VCO High Frequency VCO High Frequency
off O On ™
3 kHz to 50 kHz 30 kHz to 500 kHz

Note: The waveform of the output signal is sinusoidal.

B Output Amp/V

The voltage to be applied to the piezoelectric element is specified in this input box. The
range of the voltage to be setis 0to 10 V (+ 10 V).

Bl VCOOn

When this check box is checked, the vibrating voltage is applied to the Piezoelectric
element.
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B VCO High Frequency

This check box specifies the range of the vibrating frequency (Regarding the frequency
range, refer to “®@ Frequency/kHz” in this section).

Bl VCO High Output

This check box specifies the range of the vibrating voltage.
O VCO High Output... Otox 1.0V
M VCO High Output... 0tox 10V

Bl External VCO

When you want to use an external oscillator without using the internal oscillator, check
this check box. Connect the external oscillator to the EXT terminal on the rear of the
AFM AMP. Set the output of the oscillator to + 1.0 V. Adjust the frequency of the os-
cillator using the oscillator, but adjust “VCO High Output” and “Output Amp/V” using
the software.

B External PLL

When you want to measure the resolution of the internal PLL, check this check box. In
the JSPM-4200 this “External PLL” is not used.

B Scan

The parameters in this frame are used for searching for the resonance frequency of the
cantilever.

* Start Frequency/kHz
The start frequency of the frequency sweep is specified in this input box.

* Stop Frequency/kHz
The stop frequency of the frequency sweep is specified in this input box.

* Scan
Clicking on this button starts the frequency sweep. The measurement result is display-
ed on the Display Window, and the frequency at which the peak is observed is indicat-
ed in “Peak Frequency/kHz” just below the “Scan” button.

Note: Before performing scanning, you must set the following parameters in the “SPM
Parameters” window.
STM/AFM: Slope
Available Source 1: AFM
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B High Pass Filter/kHz

The cut-off frequency of the high-pass filter for the input AFM ((A-B)/(A+B)) signal is
specified in this selection box. When the frequency sweep is started by clicking on the
“Scan” button, the cutoff frequency must be lower than “Start Frequency/kHz.” After the
vibrating frequency is finally determined, you must set the cutoff frequency to the value
nearest but lower than the “Frequency/kHz” value.

Gain

f

Cut-off frequency

Frequency characteristic of high pass filter

B Low Pass Filter/kHz

The cutoff frequency of the low-pass filter for the input AFM ((A-B)/(A+B)) signal is
specified in this selection-box. When the frequency sweep is started with “Scan,” the
cutoff frequency must be higher than the “Stop Frequency/kHz” value. After the vibrat-
ing frequency is finally determined, you must set the cutoff frequency to the value near-
est but higher than the “Frequency/kHz” value.

. A
Gain

v

Cut-off frequency f
Frequency characteristic of low pass filter
B Centre Pass Frequency/kHz

When the FM detection method is used, set the frequency to the frequency nearest to the
cantilever resonance frequency.
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Amplifier gain for the signal that has passed through the high-pass and low-pass filters is

specified. Usually, it is set to 10.

N

High Pass Filter/kHz

T |

T |

v

RMS-DC

v

Low Pass Filter/kHz §

Scan

Start Frequency/kHz

Stop Frequency/kHz

Output Amp/V

Gain x X2, x5 x 0O

.

H L
AFM AMP rear panel
X X%

Block diagram of the VCO system

7.1.1k Stage

e

Frequency/kHz

L

VCO High Frequency
3kHz[B0kHz
30kHz[500kHz

Clicking on the “Coarse Stage” button displays the “Coarse Stage” window.

—Direction

* ) Lefit € Right = 05k
¥ ) U ) D = G

Z i © Out . Off

Mowe

WV Z Axiz Only
—Speed

1 - Slov

Ci2

i3

@ 4 — Fast

Start

_ Mo |
T
_ s |

Stop

Acvanced | Centra

—Position
® Left

¥ Diown

Z In

7 Right

A 1 W

ES Clut

1251 um
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The Z-axis motor drive is controlled with this window. In the JSTM-4200 series, only
the Z axis is in effect.

B Direction

These radio buttons designate the direction of Z movement.
Z-In:  Specimen surface approaches to the tip.

Z-Out:  Specimen surface moves away from the tip.
Z-Off:  Specimen stage does not move.

CAUTION

When the tip is moved close to the specimen in the “Coarse Stage”
window, the tip never stops even if a tunneling current or atomic force
is actually detected.

B Z Axis Only

Check this check box when you do not want to use the X and Y motor drive. In the case
of the JISTM-4200 this check box should always be checked.

B Speed
In the case of the JSTM-4200, only “4-Fast” is in effect.

B Position

In the case of the JSTM-4200, only “Z” is in effect.
This bar-chart indicates the Z position in the z movement range. If the “[] ” mark is at
the “In” end or “Out” end, the Z driving motor does not move any more.

B Move

The Z driving motor works while this button is being held down.

B Start/Stop

Once you click the mouse on the “Start” button, the motor continuously works even if
you release the mouse button. To stop the motor, click on the “Stop” button.

Hl Centre
In the JSTM-4200, this button is not used.

B Advanced

Calibration of the Z-stage position is set using this button. The calibration value is set
before shipment from the factory. For the calibration value set at the time of shipment,
refer to Chapter 9 “APPENDIX.”
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7111 Tip
Clicking on the “Tip” button displays the “Tip” window.

Tip

Approach On | —Approach Conditions——————
Tin Betract [ References I1 000 Cancel

Feedhack & Sample Feedhack Filter/Hz 1.00 i Advanced
" Hold

R

Position
High Eias r —

This window is used to move the tip or cantilever close to the specimen.

B Approach On/Approach Off

Clicking on the “Approach On” button starts approaching with the conditions specified
in the “Approach Conditions” frame in this window.

When the approaching finishes, the “Approach Off” button must be clicked on.

If the check box for “Auto Approach Stop” which is opened by clicking on the “Ad-
vanced” button is not checked, the system conditions remain the same as those specified
in “Approach Conditions” even after approaching finishes.

Even if the check box for “Auto Approach Stop” is not checked, approaching automati-
cally stops, but to stop the software, the “Approach Off” button must be clicked on.
When the “Approach On” button is clicked on, the system parameters are set to the val-
ues specified in the ‘SPM Parameters’ window.

The SPM CONTROL unit recognizes the completion of approaching by the voltage ap-
plied to the Z scanner. If the voltage applied to the Z scanner changes due to unexpected
electrical noise or any other similar event at the start of approaching or during ap-
proaching, that would cause the approaching to stop. Even though the Z scanner voltage
returns to the previous voltage (+150 V), approaching is not automatically resumed. In
such a case, click on the “Approach Off” button; then click on the “Approach On” button
again.

B Tip Retract

When this check box is checked, the Z-piezoelectric element shrinks the most. This
check box is used to retract the tip from the specimen temporarily when, for example, the
observation field or stage moving is to be changed. While the “Tip Retract” check box is
checked, approaching cannot be performed (the “Approach On” function is not in ef-
fect).

TMPM42-2 7-38



7. REFERENCE

/ -—Cantilever

A

Specimen —— =

The Z scanner
shrinks most.

A

B Feedback

These radio buttons turn the feedback function on or off.

* Sample: When the radio button for “Sample” is clicked on, the “Feedback™ function
is on.

e Hold: When the radio button for “Hold” is clicked on, the “Feedback” function is
off. The Z scanner voltage is held at the present Z position.

When performing approaching, select “Sample.”

B High Bias

When the “High Bias” check box is checked on, a specimen high bias voltage (=150 to
+150 V) is applied. Applying a high bias voltage between the tip and the specimen in the
STM mode allows the tip to be cleaned. The conditions for tip cleaning greatly differ,
depending upon the tip material and tip condition.

1. Select “Hold” for “Feedback.”
2. Check the check box for “High Bias.”
The confirmation window will appear; then click on the “OK” button.
The applied voltage is adjusted with the High Bias knob on the SPM CONTROL unit.

ov

-150V +150 V
High Bias

3. To deselect “High Bias,” click on the “High Bias” check-box again to erase the
check mark in the box.
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Approach Conditions

The conditions for approaching are specified in this frame. When the “Approach On”
button is clicked on, approaching is performed according to the conditions specified in
this frame.

STM mode AFM mode
Current/nA Reference/V
Feedback Filter/Hz Feedback Filter/Hz

Sample Bias/V

Select either the STM mode or the AFM mode in the “STM/AFM” selection-box in the
“Scan” frame of the “SPM Parameters” window. Select the desired mode before opening
the “Tip” window.

B Position

The “Position” button is used to move the tip to a desired point referring to the image
displayed in Display Window. This function is useful for specifying an [-V or Force
Curve measurement point on an image. The following is the procedure for the “Position”
setting.

1. Perform image observation and grab the image.
Unless the image is grabbed, an error message will appear.

2. Click on the “Position” button, and move the cursor to the Display Window in
which the image is displayed.

The cursor mark will change to a hand mark.

3. Move the cursor to the present tip position indicated by the “+” mark; click the
left mouse button; drag the “+” mark to the desired point where the |-V or For-
ce Curve is to be measured.

Note: The tip moves in real time with the “+” mark in the image. Drag the “+”
mark very slowly. Otherwise, the tip and the specimen might be damaged.

4. When the position has been determined, click the right mouse-button to get
back to the “Tip” window.

Note: The position determined as described above does not necessarily correspond
accurately to the position in the image because the obtained image might be
distorted due to hysteresis and creep of the scanner.

Drag the “+” mark to the
K desired point.

@ - Click the right mouse-button
to get back to the “Tip” window.

Cursor changes
to hand mark. —»\&7
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Note: The position to which the “+” mark is dragged by using the “Position” func-
tion becomes the initial position for the measurement. When scanning is
stopped with the “Abort” operation, the tip is held at this position. Since the
new scanning starts from the origin point (top left), the obtained image may
be distorted due to hysteresis and creep of the scanner. In such a case, posi-
tion the tip to the origin point again.

B Tip Advanced

Clicking on the “Advanced” button displays the “Tip Advanced” window.
In this window, the tip speed for approaching is specified. In the case of the JSTM-4200
series, only “4 Fast” is available. Select “4 Fast” for both “Step 1” and “Step 2.”

Bl Auto Approach Stop

If this check box is checked, approaching automatically stops when the voltage applied
to the Z scanner reaches the voltage specified in “Reference/V.” Even if it is not
checked, approaching automatically stops, but it is the hardware that stops approaching,
so the Z voltage cannot be specified in “Reference/V.” Usually, the check box for
“Auto Approach Stop” is checked.

B Reference/V

This function is used to specify a Z voltage for stopping approaching when the check
box for “Auto Approach Stop” is checked. Usually, 0 V is set.

7.1.1m Lock-in

This button is used to control the lock-in amplifier when the optional accessory, TM-
26010/TM-26020 Viscoelasticity, Lateral Modulation FFM (50)/(60) or TM-26030 Kel-
vin Force Microscope is attached. For the operational details of these accessories, refer to
each instruction manual.

Bl Other Options
This function is not used in the JSPM-4200.
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7.1.1n Lithography
Clicking on the “Lithography” button displays the “Lithography” window.

Lithography

When certain values are given to the bias voltage and tunneling current, the specimen
surface structure may change due to displacement or adsorption of atoms. “Lithography”
is the function to lithograph (write on) the specimen surface by using this phenomenon.
The procedure for lithography is shown in the flow-chart below.
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B Settings

TMPM42-2

Y
y
Define
N H
Y
Use stored
Save pattern ?
Trace
N Open mode
R . |
Write
End
Conditions for lithography are specified in this frame.
Parameter Description

Preamp Gain

Current/nA (for STM mode)
Reference/V (for AFM mode)
Sample Bias/V

Toggle Sample/Hold

Add External ** Signal

Time Period/ms

Gain for preamplifier is selected in this selection box.
Tunneling current is specified in this input box.
Reference voltage is specified in this input box.
Sample bias voltage is specified in this input box.

Whether or not the feedback circuit should be turned on is
designated in this check box. When the radio button for
“Sample” is clicked on, the “Feeddback” function is on. When
the radio button for “Hold” is clicked on, the “Feedback”
function is off.

Whether or not the external AD**signal should be added is
designated in this check box.

The duration for applying “Current/nA” or “Reference/V” is
specified in this inputbox. If “0.0” is specified, “Current/nA” or
“Reference/V” is applied while the left mouse button is being
pressed. This function is in effect only for the Trace mode.
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B Vector Settings

Lithography conditions for the Vector mode are specified in this frame.

Parameter Description
Max. Tip Speed/(nm/s) Speed of movement of the tip is specified in this input box.
Point Separation/nm The step gap for the tip movement is specified in this input
box.
Open A pattern is defined and the data stored in the file is loaded

when you click on this button.

Save The defined pattern is saved in the file when you click on
this button.

Define A designed pattern is defined when you click on this button.

B Write Mode

These radio buttons designate writing modes.

Parameters Description
Writing mode Used to specify a writing mode.
Trace: When this radio button is selected,

lithography is performed by manual
operation of the mouse.

Vector:  When this radio button is selected, the tip
moves along the pattern that has already
been defined.

* Trace mode
After selecting “Trace,” click on the “Write” button; then execute lithography by
moving the mouse on the Display Window while pressing the mouse button.
Notes: 1. If “0” is specified in “Time Period/ms,” the same condition is retained
while the left mouse-button is being pressed.
2. The trajectory (pattern) of the mouse movement is displayed on the
Display Window.

CAUTION

In order to prevent the tip from colliding with the specimen surface, the
speed of the tip movement must not be faster than 200 nm/s.

* Vector mode
After selecting “Vector,” click on the “Write” button; then the tip moves along the
pattern that has already been defined.
Note: The pattern must be defined prior to the lithography execution with “Open”
or “Define” operation.
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B Lithography in Trace mode
The following is the procedure for performing lithography in the Trace mode.

1. Observe an image as usual and grab it.
2. Specify the lithography conditions in the “Settings” frame.
3. Select “Trace” in the “Write Mode” frame; then click on the “Write” button.
Move the cursor to the Display Window. The cursor will change to the “+” mark.
4. Execute lithography by moving the mouse while holding the left mouse-
button.
Press the right mouse-button to stop the lithography.
5. Confirm the written pattern by the ordinary image-observation procedure.

B Lithography in Vector Mode

1. Observe an image as usual and grab it.

2. Specify the lithography conditions in the “Settings” frame.

3. Select “Vector” in the “Write Mode” frame; then click on the “Define” button in
the “Vector Settings” frame.

Move the cursor to the Display Window. The cursor mark changes to the “+” mark.

4. Move the “+” mark to the initial point of the pattern to be written by holding the
left mouse-button; then click the left mouse-button again to determine the ini-
tial point. Move the “+” mark to the next point of the pattern and click the left
mouse-button. The second point is fixed.

When determining the cursor position,
“ click the left mouse-button.

E-

Click the left mouse-button.

You can continuously define the pattern as described above. To stop the pattern
definition, click the right mouse-button.
5. Click on the “Write” button. Lithography will be performed along the defined
pattern.
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B Form of File

A pattern-definition file is saved in ASCII (American Standard Code for Information
Interchange) form, as shown below. This file itself can be edited using the Note pad of
Windows95™.

WinSPM Version 4.04

Vector saved on 9/9/1997 at 16:43:15
Vector created on 9/9/1997 at 16:26:02
*

*Start comment lines with a "'

*

x1 yl - x1 yl: Bias Feedback Gain Hold External
165 355 349 250 -10.000 1.000 1.00 1 0
252 437 430 344 -10.000 1.000 1.00 1 0

7.1.10 Noise

Clicking on this button indicates the minimum, maximum and average voltages of the
ADC input signal. The signal is sampled 5,000 times per second.

1. Click on the “Noise Analysis” button.
The measurement result of the signal designated in the “Display Source” is indicat-
ed in the “Status” frame in the “SPM Parameters” window.

2. To stop the noise analysis, click on the “Abort’ button.”

7.1.1p Save

This function is used to save the present settings specified in the “SPM Parameters” win-
dow in a file.

7.1.1q Load

This function is used to recall the parameter settings saved using the “Save” button and
initialize the SPM CONTROL unit with them.

7.1.1r  Exit

Clicking on the “Exit” button terminates the “SPM Parameters” window.
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7.1.2 SPM Calibration

Click on “SPM Scan” in the main menu, and select “SPM Calibration” from the pull-
down menu. Then, the “Calibration” window is opened. The scanner sensitivity is set in
this window.

e

0183260 63.4 25000
6000000

B Piezoelectric Scanner Calibration

A tube-shaped piezoelectric scanner is used in the JSTM-4200. This type of piezoelectric
element has a nonlinear displacement-voltage as shown below. So, some corrections
must be applied to the displacement-voltage characteristic.

These corrections have been done in the factory before shipment. These data are listed in
Chapter 9 “APPENDIX.”

A
Displacement

»
»

Voltage
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B Force Calibration

The cantilever is calibrated in this frame.

* Apply
When the check box for “Apply” is checked, a force image or a force curve is indi-
cated with an atomic-force value calculated from the applied voltage.

* Spring Constant
The spring constant of the cantilever is input in this input box.

* Sensitivity [nm/V]

* Reference[V]
This value differs according to the instrument or cantilever used. Click on the check
box to remove the check mark; acquire a force curve; then calculate it. When the
following force curve is obtained, each parameter value is calculated as follows.

dZ_dl
V.-V,

Sensitivity =

B Friction Force Calibration

The cantilever for friction force is calibrated in this frame.

* Apply
When the “Apply” check box is checked, a friction force image is indicated with a
friction-force value calculated from the applied voltage.

* Spring Constant
The torsional spring constant of the cantilever is input in this input box.

* Sensitivity [nm/V]
This value differs according to the instrument used. The sensitivity is calibrated
with the FFM value shown on the AFM AMP indicator while the photodiode posi-
tion (in the X-axis) is changed.
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Y-axis+

X-axis+ .

<—X-axis position
adjusting knob

Y-axis position
adjusting knob

The X-axis position adjusting knob shifts 0.5 mm per revolution, and the Y-axis
position adjusting knob shifts 0.25 mm per revolution. When the following result is
obtained, the calibration value is calculated from this graph.

FFM (V)
A
+10 —
Vi ===~
[}
[}
i
X, i
l
l
y v,
e . X1 — Xz
Sensitivity =
Vi=V:2
¢ Distance

The distance between the cantilever and the photodiode is input in this input box. In
the case of the JSPM-4200, the distance is 40 mm.
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7.1.3 Reset SPM

Click on “SPM Scan” in the main menu, and select “Reset SPM” in the pull-down menu.
Then, the “Reset SPM” window is opened. When the “OK” button in the “Reset SPM”
window is clicked on, the SPM CONTROL unit is initialized by the conditions specified
in the “SPM Parameters” window.

This operation must be carried out when the scanner or the SPM head is replaced, or the
SPM CONTROL unit is switched OFF, then ON while the computer system is at work.
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| CONTENTS

7.2 IMAGING (IMAGE PROCESSING FUNCTIONS

7.2.1 File
7.2.1a Open

Click on “File” in the main menu, and select “Open” in the pull-down menu. Then, the
“Open” window is opened. Data saved on the disk is loaded into the computer memory
in this window.

® File name
1 iz E
File pame
['i t s
5 I
“mepaiug| (| .
8 wesni et |
] Mogan
] M50 e
=T | .
_'J - J
Lizk files of bope: Limes
[sPMDas s <o) = S0 =l Find File |

The name of the file to be loaded into the computer memory is specified in this input
box.

Note: You can enter the drive name, directory name and wild cards (* and ?) instead of a
specific file name. The wild-cards are as follows:
*: Substitutes for a character string
?: Substitutes for one character

[Example]
*o* Any file
*TIF Any file with an extension “TIF”
SI*.TIF Any file starting with “SI” and having an extension “TIF” (for ex-
ample, “SIABC.TIF”)
SI111_?.TIF Any file starting with “SI111” following any one character, and

having an extension “TIF”
For example, “SI111_1” and “SI111 A. TIF” match
“SI111_?.TIF,” but “SI111_AB” does not.

When you click on the “OK” button, the applicable file names are displayed in the se-
lection box below. Double-click on the desired file name; then the specified file is loaded.
If you want to load several successive files at a time, drag the mouse to highlight the de-
sired file names, and click on the “OK” button. If you want to load several files that are
not successive at a time, drag the mouse while pressing the ‘ctrl” key on the keyboard to
highlight the desired files names, and click on the “OK” button.

Note: If so many files have been continuously specified that the buffer memory can not
accept them all, no file is loaded.

TMPM42-2 7-51



7. REFERENCE

® List files of type
The types of files to be listed are designated in this selection box. The following seven
types are provided:

Type Description

SPM Data (*.tif, *.spc) | Image file and graph file such as I-V data
File normally saved with this software

SPM Image (*.tif) Image file only

Binary Image (*.bin) Image file saved in binary with “Save As”

Binary FFT (*.bft) Diffraction image file which is FFT-processed spectrum data in
binary

ASCII Image (*.asc) Image file saved in ASCII code with “Save As”

ASCII FFT (*.aft) Diffraction image file which is FFT-processed spectrum data in
ASCII code
Spectrum (*.spc) Graph file such as I-V data
® Folders

The folder in which the file is to be saved is specified in this box.

® Drives
The drive in which the file is to be saved is specified in this box.

® Find file

A list of saved files is displayed in this window. The same function as “Find” in Subsec-
tion 7.2.1b.
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7.2.1b Find

A list of saved files is displayed in this window. This function is used to find out a de-
sired file by searching for it among saved images displayed in the window. Click on
“File” in the main menu, and select “Find” in the pull-down menu. Then, the “Find File”
window is opened.

Find File B3

Search string; I C¥Makamoto¥ CO-ROMY Databook¥ orginaly tif

Display Size
4 wd &
Bx8

[T Search subdirectories

c¥Makamoto¥ CO-ROMY Databook¥ orginal¥ A o145 tif
C¥Makamoto¥ CO-ROMY Databook¥ orginal¥ A w200 tif
c¥Makamoto¥ CO-ROMY Datsbhook¥ orginaly & u2 70 tif
c¥Makamoto¥ CO-ROMY Datshook¥ orginal¥ & w576 wif
c¥Makamoto¥ CO-ROMY Datshook¥ orginal¥ C1 OHE_atif

I

c¥MNakamoto¥ CO-ROM¥ Databook¥ orginaly C10HE _d tif
c¥Makamoto¥ CO-ROMY Databook¥ orginal¥ DMNA_a tif
c¥Makamoto¥ CO-ROMY Databook¥ orginal¥ DMNA_b Lif
c¥Makamoto¥ CO-ROMY¥ Databook¥ orginal¥ DMA_G tif
c¥Makamoto¥ CO-ROMY¥ Databook¥ orginal¥ HOP G_atif
¥ MNakamoto¥ CO-ROM¥Databook¥ orginal¥HOPG _bitif

Build | Erets Mext | Close I

® Search String
Enter the folder name and file name to be searched for in this input box. Enter:

Drive name:Folder name¥folder nme¥- - ¥File name

Wild-cards can be used for file name.

® Search Subdirecrories
If this check box is checked, folders contained in the folder specified in “Search String”
are automatically searched if any exist.

® Display Size
The number of images to be displayed in the Display Window is designated in this
frame.
* 4x4: 16 images are to be displayed in the Display Window.
* 8x8: 64 images are to be displayed in the Display Window.

® Build
Clicking on this button starts searching for the file(s) specified in “Search String” from
the folder(s); and the file names found are listed in the “Find File” window.

® Prev
When this button is clicked on, the previously displayed page (16 or 64 images) of the
image list is displayed in the Display Window.

TMPM42-2 7-53



7. REFERENCE

® Next
If the number of the files found exceeds the designated number of frames (16 or 64), the
first 16 or 64 images are initially displayed in the Display Window. When this button is
clicked on, the next page of the image list (the next 16 or 64 images) is displayed in the
Display Window.

Note: To load data that are displayed in the Display Window into the computer memory
using the “Find” function, move the cursor to the image to be loaded and double-
click on the image. You can continuously load data by continuing this operation.

7.2.1c Close

This function is used to erase the image data currently displayed in the Display Window
from the computer memory. If some more data still remains, the next image listed in
“Select” is displayed in the Display Window. If there is no more data in the memory, the
image displayed in the Display Window still remains in the window, but the indication
of the main menu bar changes to gray.

7.2.1d Save As...

The data currently displayed in the Display Window is saved on the disk with this func-
tion.

Click on “File” in the main menu, and select “Save As...” in the pull-down menu. Then,
the “Save As” window is opened.

P LEEH I TIFTF

x4 AR 1L FE:

# tif c¥Makamoto¥CO-R. ¥orginal

AUD2S Hif il o =] ﬂl
A1 05t £ Makamato
Autl4btif la coram J?\JI‘U‘_’;'(B |

AUQOO.t!f £5 Databook

o Qo

0101 b -] o _ Select |
T4 D FEEET b5 20

[5PM Image Gxtip = [Sc b7z =l 56V8+R8Deat|

® File name:
The file name for the data to be saved is entered in this input box. The extension corre-
sponding to the currently displayed image is already displayed in the box. If the data ty-
pe is changed using “Save file as type:”, the corresponding extension is automatically
displayed in the “File name:” input box.
After entering a file name, click on the “OK” button to save the data on the disk.

TMPM42-2 7-54



7. REFERENCE

B Save file as type:

When saving data, designate the type of data. The following nine types are provided in
this selection box:

Type Description

SPM Image (*.tif) 16-bit TIFF format

Compressed Image (*.tif) | 8-bit TIFF format.
This type has compatibility with other application software which
cannot handle the 16-bit TIFF format.

Binary Image (*.bin) 16-bit binary
Binary FFT (*.bfc) FFT spectrum in 16-bit binary
Note: This is in effect only for the FFT-processed spectrum data.
ASCII Image (*.asc) ASCII code
ASCII FFT (*.aft) FFT spectrum in ASCII code

Note: This is in effect only for FFT-processed spectrum data.

Header (*.hdr) Contents of the “Data Information” window in ASCII code

SPM spectram (*.spc) Graph data, such as I-V data
Note: In effect only for graph data

ASCII spectrum (*.dat) Graph data in ASCII code
Used for other commercial data processing software.
Note: This is in effect only for graph data

® Folders:
The folder in which the file must be saved is specified in this box.

® Drives:
The drive in which the file must be saved is specified in this box.

® Select

When two or more data sets are grabbed in the computer memory, the data to be saved
on the disk is selected with this function.

Clicking on the “Select” button displays a list of data sets stored in the computer mem-
ory. When you select the data set to be saved from the list by double-clicking on the
name of the data, the selected data set is displayed in the Display Window. Then, enter a
file name to be added and click on the “OK” button. The displayed data set is saved on
the disk with the file name.

® Save+Repeat

When two or more data are grabbed in the computer memory, and when you want to
save two or more data successively in the disk memory, this function is useful. Select the
first data with the “Select” button; enter a file name; then click on the “Save+Repeat”
button. The selected and displayed data is saved on the disk with the file name, and the
list of data stored in the computer memory is displayed again.

Then, repeat the same procedure as you like. In this case, however, a letter is added on as
the last letter of each file name, first ‘a,” then ‘b,” and so forth. If you want to change the
added letter or file name, change it and click on the “Save+Repeat” button.
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Note: The listed data displayed when you click on the “Select” and “Save+Repeat”
buttons are either image data or graph data depending on the current data obtained
when “Save As...” was selected.

7.2.1e Close All But Current

This function is used to erase all data other than the current data displayed in the Display
Window from the computer memory.

7.2.1f Close All

This function is used to erase all the data from the computer memory.
Click on “File” in the main menu, and select “Close All” from the pull-down menu.
Then, all the data are erased from the computer memory.

7.2.1g Print

The displayed data can be printed.

Click on “File” in the main menu, and select “Print” from the pull-down menu. Then, the
“Print” window is opened. For the setup of the printer to be used, refer to the instruction
manual of the printer.

® Include Data Information
If “Include Data Information” is checked, the data displayed in the “Data Information”
window is printed together with the data displayed in the Display Window, on one sheet.

® 2 Windows/Page
If “2 Window/Page” is checked, two data displayed in two Display Windows are printed
out on one sheet. Needless to say, two Display Windows must be opened in the screen
using the “New Window” function. First, the data displayed in Display Window (1) is
printed; then the data displayed in Display Window (2) is printed.

7.2.1h Store Configuration

Various parameters set in this software are saved on the disk with this function. Click on
“File” in the main menu, and select “Store Configuration” in the pull-down menu. Then,
the parameters are saved on the disk. The saved parameters are automatically set at the
next startup. If parameters are changed during measurement or during image observation,
these changed parameters are saved only when the “Store Configuration” function is
used. Otherwise, the previously saved parameters are automatically set again at the next
startup.

7.2.1i  Retrieve Configuration

The parameters saved with the “Store Configuration” function are set in the computer.
Click on “File” in the main menu, and select “Retrieve Configuration” in the pull-down
menu. Then, the parameters saved in the disk memory are set in the computer. The
parameters set in the computer take effect only after the “Reset SPM” function is exe-
cuted.

TMPM42-2 7-56



7. REFERENCE

7.21j Exit

The software is terminated when you click on “File” in the main menu, and select “Exit”
in the pull-down menu.

7.2.2 Edit

7.2.2a Copy

This function is used to paste the data displayed in the Display Window onto other appli-
cation software with the Copy & Paste function.

Click on “Edit” in the main menu, and select “Copy” in the pull-down menu. Then, the
data displayed in the Display Window is copied in the computer memory. This copied
data can be pasted onto other application software as an image if the application software
is already started up and the Paste function in the application software is executed.

Note: A copied image is all of the 512x512 pixel data in the Display Window.

7.2.3 Process
7.2.3a Convolve 3x3/5x5

Function: The current image is smoothed by filtering.
Click on “Process” in the main menu; then select “Convolve 3x3” or “Convolve 5x5” in
the pull-down menu. The following window will be displayed.

— Filter

i Low :
€ Mediom ﬂl
" High

i Wertical
i Harizantal
" User 1
" User 2

— karnel

The following filter functions are provided.
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Filter Description
Low Low-pass filter
Median Median-pass filter
High High-pass filter
Horizontal Horizontal smoothing
Vertical Vertical smoothing
userl, user2 User defined filter

Noise having a certain frequency component is eliminated by the filtering function.
[Example] For one line signal in an image:

Original signal Filtered signal

Low pass N => /\/
High pass N =>

The transfer function of each filter is shown below.

Low pass Medium pass High pass

AKX

f Frequency

Amplitude

The filter can be represented by a matrix. Convolve 3x3 and Convolve 5x5 mean a ma-
trix of three columns and three rows, and five columns and five rows, respectively. The
matrix element for each filter is as follows.
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Filter convolve 3% 3 convolve 5% 5
Low 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
Median 1 2 1 1 2 4 2 1
4 2 4 8 4 2
1 2 1 4 8 16 8 4
2 4 8 4 2
1 2 4 2 1
High -1 -1 -1 -1 -1 -1 -1 -1
-1 9 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 25 -1 -1

Horizontal 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0

0 1 1 1 1 1

0 0 0 0 0

0 0 0 0 0

Vertical 0 1 0 0 0 1 0 0
0 1 0 0 0 1 0 0

0 1 0 0 0 1 0 0

0 0 1 0 0

0 0 1 0 0

Actual filtering is carried out by a weighted average with the filtering operator for the
core pixel. For example, if the 3x3 median filter is applied to core pixel E, the following
calculation is carried out for the new image data E’.

A B 1 2 1
S ;f « |2 4 2 A+2B+C +2D+4E +2F +G +2H +1
- 1+2+1+2+4+2+1+2+1
G H 1 1 2 1
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7.2.3b Edge Enhance

Function: The current image is edge-enhanced.
Click on “Process” in the main menu; then select “Edge Enhance” in the pull-down
menu. The following window will be displayed.

TMPM42-2

AB/:
D@F
G H I

Original data

The method of entering is as follows.

* Enter an integer between —128 and +128 (the total sum of the matrix elements must
not exceed 128) using the keyboard.

* Press the TAB key. Then the highlighted matrix element is defined and the next ele-
ment will be highlighted.

* The matrix elements defined in “User 1” or “User 2” can be saved using the “Store
Configuration” function. Clicking on the ‘OK’ button executes the designated filter

Edge Enhance

—Filter

Core pixel

=

{+ Wertical Edee

{~ Harizontal Edge
(" Diagonal /) Edze
" Diagonal &) Edge
" Laplace

Cancel |

—Kernel

ji! 1!

=

i ;

|2

g £

=

The following edge enhancement functions are provided.
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A’ B C’

D’ @F
G’ H 1

4

New data

When “User 17 or “User 2” is selected in the “Filter” frame, the matrix element defini-
tion frame “Kernel” becomes effective, and you can enter matrix elements by using the
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Filter Description
Vertical Edge Enhancement in the vertical direction
Horizontal Edge Enhancement in the horizontal direction
Diagonal [0 ] Enhancement in the diagonal (O )
Edge direction
Diagonal [0 ] Enhancement in the diagonal (O )
Edge direction
Laplace Enhancement of perimeter out-line by
Laplace transformation

The following filtering operation is applied in the same manner as the Convolve 3% 3
function.

Filter Matrix element
Vertical Edge -1 2 -1
-1 2 -1

-1 2 -1

Horizontal Edge -1 -1 -1
2 2 2

-1 -1 -1

Diagonal [[J | Edge -1 -1 2
-1 2 -1

2 -1 -1

Diagonal [[J | Edge 2 -1 -1
-1 2 -1

-1 -1 2

Laplace -1 -1 -1
-1 8 -1

-1 -1 -1

Clicking on the “OK” button executes the designated edge-enhancement function.
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7.2.3c Differentiate

Function: The current image is differentiated at a certain angle.
The following filtering operation is applied in the same manner as the Convolve 3% 3

function.
0 sin® 0
0 —sin® —cosB coso
0 0 0

Here is the angle at which the differentiation is to be carried out. Enter an angle (in de-
gree, as an integer between —90 and +90) using the keyboard. Clicking on the “OK”
button executes the differentiation function.

7.2.3d Normalise

Function: The contrast range for the current image is broadened.
Click on “Process” in the main menu; then select “Normalise” in the pull-down menu.
The function is immediately executed.

The “Normalise” function changes the image contrast so that the darkest part of the im-
age becomes 0, and the brightest part of the image becomes 255. In other words, the
brightness range of an acquired image is expanded to the full brightness range of the dis-
play (O to 255).

Notes: 1. This function is applied only to the displayed image. The original data is not
normalized.

2. When acquired data is grabbed, this function is automatically applied.

S
@
Q0
Ew
S .X
Z Qo
0 ) ! 0 . 255
Black Brightness White Black Brightness White
Histogram of the Histogram of the
original image processed image

7.2.3e  Normalise S.D.

Function: One of the contrast-enhancement methods carried out by expanding the
brightness range.

1. Click on “Process” in the main menu; then select “Normalise S.D.” in the pull-
down menu.

A histogram of brightness will be displayed on the image display, and the “Enter
s.d.’s range to keep data” window will be displayed.

2. Specify the range of deviation.
The “Normalise S.D.” function is executed. First, a histogram of brightness of the
acquired image, then an average and deviation scale is displayed. When a deviation
value is specified, the brightness range within the specified deviation value is ex-
panded to the full brightness range of the display (0 to 255). The brightness range
outside of the designated deviation value is displayed in black (0) or white (255).
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S © ©
@ @ @
£2 Average £ Average £
S X S.% 5.2
Za Za Za
Normalise
S.D .
S 1
0 ! 255 0 | 255 0 255
Black HT White Black =™ White Black White
(Brightness) (Brightness) (Brightness)
Specified
deviation

7.2.3f Median

Function: Electric spot noise (spike noise) on an image is eliminated.

Click on “Process” in the main menu; then select “Median 5” or “Median 9” in the pull-
down menu. The function is immediately executed.

In this function, the data of the center pixel and the surrounding 4 or 8 pixels are selected,
and the value of the center pixel is replaced with the middle value of the selected 5 or 9

pixels.
Median5 Median9
° L )
e O e eO @
° o0 o

The “Median” filter can eliminate spike-shaped electric noise in an image.

Original image Processed image

TMPM42-2
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7.2.3g Subtract Background...

Function: Background brightness variation of an image is corrected.
Click on “Process” in the main menu; then select “Subtract Background...” in the pull-
down menu. The following window will be displayed.

Subtract Background

— Backeground

i+ Yihale Plane
i Selected Plane

i DT Offsets
" Mon Linear X
£~ Mon Linear ¥

—Palynomial Degres

S o -

The following four kinds of background correction are provided.

Correction Description

Whole Plane Background brightness is subtracted assuming
that the image brightness has an inclined but
flat background plane in the whole image.

Selected Plane Background brightness is subtracted assuming
that the image brightness has an inclined but
flat background plane within the selected
square area (designated with the mouse) in an
image.

DC Offset Background brightness is subtracted assuming
that the image brightness has a uniform flat
background plane in the whole image. In other
words, the offset value of brightness in the
whole image is calculated and subtracted.

Non Linear X Background brightness is subtracted assuming
that the background plane can be
approximated to a polynomial equation in the
X-direction.

Non Linear Y Background brightness is subtracted assuming
that the background plane can be
approximated to a polynomial equation in the
Y-direction.

When “Non Linear X” or “Non Linear Y” is selected, enter a polynomial degree in the
“Polynomial Degree” frame using the keyboard. An integer from 3 to 9 can be entered.
After designating conditions, clicking on the “OK” button executes the function.
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7.2.3h Single Math

Function: A mathematical operation is performed for each pixel of the current image.
Click on “Process” in the main menu; then select “Single Math” in the pull-down menu.
The following eight mathematical operations are provided.

TMPM42-2
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Operation Description Effective value

Invert Brightness-inverted image | [
display

Multiply Product of pixel data and a | The same image if 1.0
constant

Divide Pixel data divided by a The same image if 1.0
constant

Bitwise AND Logical multiplication of Integer 0 to 65535
pixel data and a constant in
each bit

Bitwise OR Logical sum of pixel data Integer 0 to 65535
and a constant in each bit

Bitwise XOR Exclusive OR of pixel data | Integer 0 to 65535
and a constant in each bit

Add Sum of pixel data and a Integer 0 to 65535
constant

Subtract Difference of pixel data Integer 0 to 65535

and a constant

Here, pixel data does not mean the display brightness data (0 to 255) but the acquired 16
bit raw data (0 to 65535). Although an integer from 0 to 65535 can be entered for Bit-
wise AND, OR, XOR, Add and Subtract, the result is converted to the range 0 to 255 for
display. If the resultant of the mathematical operation is negative, it is replaced with 0. If
the resultant of the mathematical operation exceeds 255, it is replaced with 255.

A mathematical operation is performed for each pixel, as follows.

U Example[]
Invert
Original image
0 (0000 0000)
128 (1000 0000)
Multiply
Original image
20
128

Calculated value
- 255 (1111 1111)
- 127 (0111 1111)

Xa=0UOXa

Constant Calculated value
3.0 60
3.0 255
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Double Math

Function: A mathematical operation is performed for each pixel of the current image

7. REFERENCE

and any desired image in the computer memory.

Click on “Process” in the main menu; then select “Double Math” in the pull-down menu.
The following ten mathematical operations are provided.

Operation Description
Add Average of the data; (a+b)/2
Subtract Difference of the data; (a—b+255)/2, that is, [a+(255-b)]/2
Difference Difference of absolute value of the data; |a|—|b|
Multiply Product of the data; (a*b)/255
Divide Quotient of current image data divided by selected image data (a/b)
Note: If ‘b’ is zero, resultant set to ‘a’.
Bitwise Logical multiplication of the two data in each bit (a AND b)
AND
Bitwise OR | Logical sum of the two data in each bit (a OR b)
Bitwise Exclusive OR of the two data in each bit (a XOR b)
XOR
Minimum The smaller of the two data
Maximum The larger of the two data

Here, ‘a’ shows the current image data and ‘b’ shows the selected image data.

Image currently displayed
on the frame memory

Image selected Calculated image

from the list

[Example] When “Add” is selected,

20

Image currently displayed
on the frame memory

Image selected Calculated image

from the list
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7.2.4 Analyze
7.2.4a Profile

Function: Height data along the straight line between two designated points on an image
is displayed in a line profile.

1. Click on “Analyze” in the main menu; then select “Profile” in the pull-down
menu.
A cross cursor ‘+’ appears on the Display Window, and the following information is
displayed on the “Cursor Information” window.
* Coordinates of the cursor location
* Absolute image height at the cursor location
2. Move the cursor to the starting point of the measurement origin point with the
mouse; click the left mouse-button. A‘+’ mark will be fixed at the point.

XX
N
>I '
>_ i
' + Absolute image height is
Cross cursor displayed on the "ursor
mark Information” window.

3. Move the cursor to the end point with the mouse; click the left mouse-button
again. Then the height data along the line between the two designated points
is displayed in a line profile in the Display Window.

—The height data along this line is
displayed.

4. The message “Enter Image title” is displayed on the window. Enter a title and
click on the “OK” button; then the displayed height profile data is stored in the
computer memory.

Note: Stored data can be processed with the “Spectroscopy” functions.
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7.2.4b Measure

When you click on “Analyze” in the main menu and select “Measure” in the pull-down
menu, a pulldown sub-menu will be displayed.

B Area

Function: Number of pixels, area, averaged specimen height and root-mean-square val-
ue of specimen height within a designated region are measured.

1. Click on “Analyze” in the main menu and select “Measure” in the pull-down
menu. Then select “Measure Area” in the pulldown sub-menu. A cross cursor
‘+’ appears on the image.
2. Move the cursor to the starting point of the desired region to be measured with
the mouse; click the left mouse-button. The cursor will be fixed at the point.
Move the cursor to the next corner of the region and click the left mouse-button;
then a line will be drawn between the points. Continue the same operation until the
desired region is completely enclosed.
The last line is drawn by clicking the right mouse-button.

Start point , Cross cursor mark _Region is enclosed.
n )
Click the right

mouse button to
\\ draw the last line.

Outline is automatically
drawn each time the left
mouse-button is clicked.

XX
™
> —— Absolute image level
-/ (Height of this position)
+
Cursor

Note: The cursor coordinates (origin is the top-left corner) are indicated in “Cursor
position (XX, YY),” and the absolute image level is indicated in “image
height XX nm.”
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3. Designate the region to be measured by placing the cursor inside or outside of
the enclosed line and click the left mouse-button. The designated region is
displayed in black.

Inside the :>

enclosed line
Click the left
mouse-button

+

Outside the :>

enclosed line _
Click the left
mouse-button

4. The number of pixels, area, averaged specimen height and root-mean-square
value of specimen height within the designated region are indicated in the
window.

B Point

Function: The distance and a relative image-height between two designated points on an
image are measured.

1. Click on “Analyze” in the main menu and select “Measure” in the pull-down
menu. Then select “Point” in the pulldown sub-menu. A cross cursor ‘+’ ap-
pears on the image.

2. Move the cursor to the starting point of the measurement with the mouse; click
the left mouse-button. The cursor will be fixed at the point.

3. When the cursor is moved, the following information is indicated in the win-
dow:

* Present coordinates of the cursor

* Image height at the present cursor position

 Relative image height between the present cursor and previous cursor positions

 Distance between the present cursor and previous cursor positions

* The highest and lowest image level on the straight line between the present cursor
and previous cursor positions
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Data at previous cursor position

Data at present cursor
position

Lowest and highest points
along line Relative image level
(height difference between

two points)

" XX

—— Present cursor position

Absolute image level

/ ————Distance between two
s points

R B

L Previous cursor position

4. When you click the left mouse-button, the present cursor position is fixed as a
new origin point. Repeat Steps 3 and 4 above.
5. Clicking the right mouse-button terminates this measurement.

B Roughness
Function: The mean value and root-mean-square value of the height of the entire current

image are measured.

@ Click on “Analyze” in the main menu and select “Measure” in the pull-down
menu. Then, select “roughness” in the pulldown sub-menu.
The mean value and root-mean-square value of the height of the entire image are
indicated in the window.
Mean (RMS) height: XXXX.XX YYYY.YY

B Surface Area

The surface area of the image currently displayed is indicated by this function.
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7.2.4c Zoom

Function: The designated region of the current image is enlarged. With “Rectangle” you
can designate an optional rectangular region, and with “Square” you can des-
ignate a square region.

1. Click on “Analyze” in the main menu and select “Zoom” in the pull-down menu.
Then select “Rectangle” or “Square” in the pulldown sub-menu. A cross cursor
‘+’ appears on the image.
2. Designate two diagonal points of an area to be magnified. The designated re-
gion is enlarged at the moment the second point is designated.
Note: If you select “Square”, the cursor can move only in a 45° line.

2,2
/2
2/2 2/2
45° 45°
/2

Cursor movement in “Square”

The relation between the designated image size and the enlarged image size is as follow.

Designated area Enlarged area

Smaller than 128x 128 - 128x 128
Smaller than 256% 256 - 256x% 256
256x 256 or larger - 512x 512
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7.2.4d Trim

Function: The image outside of a designated region on the current image is erased. With
“Rectangle” you can designate an optional rectangular region, and with
“Square” you can designate a square region.

1. Click on “Analyze” in the main menu and select “Trim” in the pull-down menu.
Then select “Rectangle” or “Square” in the pulldown sub-menu. A cross cursor
‘+’ appears on the image.
2. Designate two diagonal points of a region to be trimmed.
When you select “Square,” the cursor can move only in a 45° line.

2/2

i

1/2

3. The image outside of the designated region is erased at the moment the sec-
ond point is designated.
The data in the erased region are set to 0 (black).
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7.2.4e FFT (Fast Fourier Transformation)

TMPM42-2

The two-dimensional FFT is applied to a real image to obtain a spot image (a diffraction
pattern of the real image). Also, the inverse transformation is applied to a spot image to
obtain the real image. This function is useful to abstract and display a periodic structure
of the obtained image.

Click on “Analyze” in the main menu and select “FFT” in the pull-down menu. The
“FFT” window will be displayed. The procedure for the FFT function processing is

shown below.

Forward Perform the Fourier
FFT transformation

No

Contrast Enhancement of

Is the spot bright Enh. the spot contrast

enough ?

Inverse FFT with
masking spots ?

Window FFT

oad a saved mas
pattern ?

Open

Yes

Delete FFT Data Mask modify ?

Add

No

Save mask Yes
pattern ?

No

Save

Apply

Inverse FFT

L o

End
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FFT Window
Fu:nrwar [ t=ip=z | ([Embrast w & |
=4[ == | Exit |

—oelection Method

" Ereguency Band

From I1 To IZO ﬂ

EaE |
" Spatial Freguency Band
Elase |
From IO'1 To I[j'_’r25

& Lser Defined Areas Add
—Windows Magk —— Zoom
€ Window =
iy Mask 2
)

B Forward

Function: The current image is Fourier-transformed, and the transformed spots (the dif-
fraction pattern of the image) are displayed on the Display Window.

1. Click on “Analyze” in the main menu and select “FFT” in the pull-down menu.
Then select “Forward’ in the “FFT Window.”
2. Fourier transformation will be executed, and the resultant spot image (diffrac-
tion pattern of the image) will be displayed.
Note: If the displayed spots are too dark, the contrast can be enhanced with the
“Contrastx 2” function in the same pulldown sub-menu.

B Inverse

Function: Inverse Fourier transformation is applied to a diffraction pattern (spot data) to
display its real image on the Display Window.

1. Display a Fourier-transformed spot image in the Display Window using the
“Display” button. Then click on “Analyze” in the main menu and select “FFT” in
the pull-down menu. Then select “Inverse” in the “FFT Window.”

2. Inverse Fourier transformation will be executed, and the resultant real image
will be displayed.

Note: In order to apply “Inverse FFT” to a spot image (a diffraction pattern) that is
previously Fourier-transformed and stored in the computer memory, you
must display the spot image on the screen using the “Display” button. If in-
stead the “Select” button is used to display the spot image on the screen, the
computer treats it as a real image. Therefore, the inverse FFT cannot be exe-
cuted.
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B Contrast x 2

Function: The contrast of a Fourier-transformed spot image is enhanced.

1. Display a Fourier-transformed spot image on the Display Window. Click on
“Analyze” in the main menu and select “FFT” in the pull-down menu. Then
select “Contrast x 2” in the “FFT Window.”

2. The contrast (brightness) of the spots will be doubled.

Notes: 1. The contrast enhancement is performed only on the displayed image and
has nothing to do with the original data itself.
2. The “Contrastx 2” operation can be repeated as many times as needed
until a good enough contrast is obtined. The contrast is doubled each
time.

B Delete

Function: Fourier-transformed data is deleted from the computer memory.

@ Click on “Analyze” in the main menu and select “FFT” in the pull-down menu.
Then select “Delete” in the “FFT Window.”
The FFT data is deleted from the computer memory.

H Display
Function: A Fourier-transformed spot image is displayed on the Display Window.

@ Click on “Analyze” in the main menu and select “FFT” in the pull-down menu.
Then click on the “Display” button in the “FFT Window.” A Fourier-
transformed spot image will be displayed.

Note: If no Fourier-transformed data is in the computer memory, an error message
will appear.

B Zoom

Function: When a Fourier-transformed spot image is so small that the setting of the “FFT
Window” is very difficult, the “x 2” or “x 4” zooming function and the “Add” function
are used to enlarge the image.

B Add

Function: A masking window is set to specify the spots to be used for inverse FFT.

Note: The words “Masking Window” are used to distinguish it from “Display Window.”

1. Display a Fourier-transformed spot image on the Display Window. Click on the
“Add” button in the “FFT Window.” Then, a ‘+’ cursor will appear on the spot
image.

Note: When you want to define a new masking window, select “New.” When
you want to modify or edit a previously defined masking window, select
“Add.”
2. Setting Masking Window
a. Select “Mask” in the “Window/Mask” frame.
b. Move the cursor to the center of the masking window to be set, and press the
left mouse button.
c. Specify the radius of the masking window by moving the cursor and pressing
the left mouse button.
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d. The area specified as a masking window is displayed by a circle.
3. Deleting Masking Window
a. Select “Window” in the “Window/Mask” frame.
b. Move the cursor to the center of the circle, and press the left mouse button.
c. Specify the radius of the circle to be deleted by moving the cursor, and press
the left mouse button.
The specified circle area will be deleted.
Note: This function is used only to create a masking window. To perform the in-
verse FFT by actually applying a masking window to a spot image, you must
select “Apply.”

Setting of Masking Window

0 Example 10
O When creating four masking windows. Spots within
O O these circles are used for inverse FFT.
+
R Center Select “Mask” in the “Window/Mask” frame ;
position the cursor at the center of the desired
masking window; then click the left mouse-button.
|
’/——Center
+ +
—>| r |<— Move the ‘cursor to set the radius r; then click the
left mouse button.
A masking window with a radius r is created.
Repeat this procedure as many times as necessary.
0 Example 20
When creating coaxial rings. Spots within these
rings are used for the inverse FFT.
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Select “Mask” in the “Window/Mask” frame;
position the ‘cursor at the center of the desired
masking window; then click the left mouse-button.

Move the cursor to set the outer radius r’; then click
the left mouse button.

A masking window having radius r’ is displayed.

Select “Window” in the “Window/Mask”frame;
position the cursor at the center of the desired
masking window; then click the left mouse-button.

Move the cursor to set the inner radius r; then click
the left mouse button.

The circle having radius r is erased. A ring-type
masking window is specified. Repeat this
procedure as many times as necessary.
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B Close

Function: The current masking window is erased, or canceled.

@ Click on the “Close” button in the “FFT Window.”
Note: When this function is performed, the masking window on the “Display Win-
dow” is still displayed, but the masking window applied to the spot image in
the computer memory is erased. In order to display the spot image to which a
masking window is not applied, operate “Display FFT.”

Bl Open
Function: A masking window saved on disk is loaded into the computer memory.

1. Display a spot image (diffraction pattern) and click on the “Open” button in the
“FFT Window.”
2. Enter the file name to be loaded using the keyboard; and click on the “Load”
button.
Then the file is loaded and the masking window is displayed on the spot image.
Note: If the sizes of the displayed spot image and the loaded masking window are
different (for instance, the displayed spot image is 128x128, and the loading
masking-window is 512x512), it causes an error.

B Save

Function: A created masking window is saved on disk.

1. Display the masking window to be saved on the Display Window and click on
the “Save” button in the “FFT Window.”
2. Enter the file name under which to save it using the keyboard; and click on the
“Save” button.
Then the masking window is saved on disk.
Note: A file name must be 8 characters or less. If an extension is omitted, “MSK”
is automatically added.

B Selection Method

® Frequency band
Function: A vertical strip masking window is defined. The masking window is applied
to a specified frequency band.
Enter the lower frequency in the “From” input box and the upper frequency in the “To”
input box. Select “Mask” or “Window” in the “Window/Mask” frame. Then, click on the
“Add” button in the “FFT Window.”
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[Window]: The frequency band between the specified lower and upper frequencies will
be erased from the window.

Lower frequency

— Frequency band between the
specified lower and
upper frequencies is
erased from the window.

Upper frequency

Note: To eliminate electric noise of 50 Hz[J 60 Hz, input as follows.
Enter lower frequency 50
Enter upper frequency 60

[Mask]: A masking window is applied to the frequency band between the specified low-
er and upper frequencies.

Lower frequency

— Masking window is applied.

Upper frequency

® Spatial Frequency Band
Function: A coaxial ring masking window is easily defined as a spatial frequency band.
This type of masking window can emphasize the image structure within the specified
spatial frequency band. Enter the lower frequency in the “From” input box and the upper
frequency in the “To” input box. Select “Mask” or “Window” in the “Window/Mask”
frame. Then, click on the “Add” button in the “FFT Window.”
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[Window]: The frequency band between the specified lower and upper frequencies will
be erased from the window.

——— Upper Frequency

Lower Frequency

Frequency band between the
specified lower and upper
frequencies is erased from the
window.

[Mask]: A masking window is applied to the frequency band between the specified low-
er and upper frequencies.

——— Upper Frequency

Lower Frequency

Masking window is applied to
this frequency band.
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The Particle analysis function includes measurements of the number of particles and the
area of each particle in an image. The procedure for the particle analysis is shown below.

( START )

Connectivity | recognition

Is particle
analysis
possible ?

: ~_
] | v
Erode || Dilate || Isolate }Shoot
I
| |
S(E;)fil;?(?s Histogram St\gftli”;?i?cs
{ ‘ !
\

Analysis with other
END software

Particle &nalysis

Set Connectivity————
G4
g

Threshold

i Statistics

Erocle Statictics |
ilate Histagrarm |

|SalEte Wfilfite Statistics |

LEL

et

Cancel

Thresholds | Binarizing of the image

Set Condition for particle
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B Thresholds

Function: The threshold values for performing binarization of image data are set.

1. Click on the “Threshold” button.
An image with a size of 400x 400 pixels will be displayed.
2. First, specify the lower threshold value “Threshold 1”; then specify the upper
threshold value “Threshold 2” by using the bar chart.
3. Click on the “OK” button for setting.

Pixels in this range are displayed

in white.
0
2 Pixels in these ranges are
.y displayed in black.
o
@
Qo
IS
>
=
) » Brightness
0 255

(Black) (White)

Threshold1

<« —>

Threshold2
«— —>

B Set Connectivity

Function: The condition for judging a pixel as being connected to a particle is selected

from “4” and “8.”
0 000
O&0 Of0
0 0oo
g g

The pixels connected to a point of interest are judged to be the same particle.

[Example]
g
0
0
0 a4 8 00
0 — a8
g
g oo |
H] | — |
g |
E B8
— L] |
‘8" L B is considered to be one particle.
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B Erode

Function: Excludes one pixel layer from the area around particles.

@ Click on the “Erode” button in the “Particle Analysis” window. Immediately, one
pixel layer will be taken away from the area around patrticles.

[Example]
(] ]
(] [mjm g
BUO0O0E — 0000
EEEDH Erode gao

m show the pixels to be taken away.

B Dilate

Function: Adds one pixel layer to the area around particles.

@ Click on ‘Dilate’ in the sub-pull-down menu. Immediately, one pixel layer will be
added to the area around particles.

[Example]
EE
00 BOOR
ao0 —> BO0O0OE
a0 Dilate B0
(]
B Isolate

Function: Excludes from the display any particles composed of a specified number of
pixels or fewer.

1. Click on the “Isolate” button in the “Particle Analysis” window.” “Enter
smallest particle size/pixels” will be displayed.
2. Enter the number of pixels.
For example, if ‘10’ is entered, all particles, each of which is composed of 9 pixels
or fewer, are excluded.

B Shoot

Function: Deletes a designated particle.

1. Click on the “Shoot” button in the “Particle Analysis” window.
A ‘+’ cursor will appear in the Display Window.
2. Move the cursor onto the particle to be excluded and click the left mouse-

button.
The selected particle will be erased.
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Bl Statistics

Click on the “Statistics” button in the “Statistics” frame in the “Particle Analysis” win-
dow. A pull-down menu will be displayed.

® Compile Statistics
Function: Information on all particles is listed.

1. Click on “Compile Statistics” in the pull-down menu.
2. Information about area, diameter and area/diameter® (showing circularity) of
all particles will be displayed in the Display Window.
Notes: 1. Moving the cursor in the window allows the data to be scrolled.
2. The particle pointed to by the cursor in the window is shown with the O
mark surrounding it.
3. Data displayed in the listing window can be sorted according to the
followingctiteria:
* To be displayed in the order of particle position (position is given to
each particle when recognized)
* To be displayed in the order of area from small to large
* To be displayed in the order of diameter from short to long
* To be displayed in the order of area/diameter” from small to large
(The larger area/diameter” is, the more completely round the circle is.)

® Histogram
Function: A histogram of designated information on all the particles is displayed.

1. Click on the “Histogram” button in the “Statistics” frame.

2. Click on “Histogram type” to select the information for which a histogram is to
be created from among area, diameter and area/diameter?.

3. Enter the number of bars in “Number of bins.” Click on “Display.”

A histogram will be displayed.

Note: The number of bars means the number of segments for the histogram. For
example, if 50 is entered, the range between the minimum value and the
maximum value is divided into 50 segments, and the number of particles in
each segment is indicated in the height of the corresponding bar.

® Write Statistics
Function: The “Compile Statistics” data is saved on disk.
The relationship between the format and the parameters is as follows.

End of line
Delimiter
Title—Number X1 Yl X2 Y2  Area/nm’ Area/pix  Perimeter
1 245 0 250 3 3.337860E-002 14 4.198683E-001
2 202 3 206 7 3.099442E-002 13 4.698625E-001
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7.2.4g Draw mesh

Function: A mesh is overlaid on the displayed image.

1. Click on “Analyze” in the main menu and select “Draw Mesh” in the pull-down
menu.
A cross cursor ‘+’ appears on the image.
2. Designate 3 corners of a parallelogram.
Designate the starting point (1/3), the 1st vector endpoint (1/3 — 2/3), and the 2nd
vector endpoint (2/3 - 3/3).

3/3

173 2/3

Unit cell designation method

This operation designates the shape of the unit cell of the mesh.
The message “Enter integral factor to scale vectors down by” is displayed on the
window.
3. Input a numerical value—the denominator of division of the designated paral-
lelogram—to scale down the parallelogram to the actual unit cell of the mesh
(each side of the displayed parallelogram is divided by the entered number).

[Example]

If 1 is input, the designated parallelogram becomes the unit of the mesh image. If 2
is input, a parallelogram whose size is half the four sides of the designated paralle-
logram becomes the unit of the mesh image.

’ ’ ’ ‘ ’

P A S —
R fommmmm “- 7 7 7 7 7

’ ’ ’ ’ ’
’ ’ ’

’ ’
i ity Aty ]

/ / s
L)
’ ’
’ /

S
~— Resultant mesh /=—Resultant mesh
image “f A 77— Image

Original parallelogram Original parallelogram

If ‘1’ is entered If ‘2’ is entered

4. Click on the “OK” button; then the mesh is overlaid on the entire image.
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7.2.5 Geometry

7.2.5a Translate

Function: Shifts the current image parallel to itself on the screen.

1. Click on “Geometry” in the main menu; then select “Translate” in the pull-down
menu.
A cross cursor ‘+’ appears on the image, and the message “Select point 1/2” is dis-
played.
2. Designate the starting point of image shift with the mouse.
The message “Select point 2/2” is displayed on the window.
3. Designate the ending point of image shift.
The whole image will shift in parallel from the first point to the second.
Note: The part of the original image that lies outside the screen is deleted. Also, the
vacant part of the current image is displayed in black (‘0’).

-— Deleted

—

2.9 Translate

i

172

After ‘Translate’

7.2.5b Rotate

Function: Rotates the current image on the screen.
The following four rotations are provided:

Rotation Description

90 The image is rotated 90° clockwise around the image
center.

180 The image is rotated 180° clockwise around the image
center.

270 The image is rotated 270° clockwise around the image
center.

theta The image is rotated to a specified angle in a designated
direction around the designated point on the image.

1. Click on “Geometry” in the main menu; then select “Rotate” in the pull-down
menu.

2. When “Rotate 90,” “Rotate 180” or “Rotate 270” is selected, image rotation is
immediately executed.
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3. When “Rotate theta” is selected, a cross cursor ‘+’ appears on the image.
Then designate the rotation center (1/3), the rotation starting line (2/3), and
the rotation end line (3/3) in accordance with the guidance displayed on the
window.

Note: Data of the parts of the original image lying outside the screen is deleted.
Also, the vacant parts of the current image are displayed in black (‘0%).

w|w

W
o
w (N

Designation of the rotation angle

g—DeIeted

-+—Substituted with black

Rotation angle After the “Rotate” operation

7.2.5¢ Mirror

Function: A mirror image of the current image is displayed.
The following three mirror functions are provided:

Mirror Description
Mirror X Reverse the image from left to right
Mirror Y Turn the image upside-down

Transpose Reverse the image from left to right
and turn it upside-down
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1. Click on “Geometry” in the main menu; then select “Mirror” in the pull-down
menu.

2. Select “Mirror X,” “Mirror Y” or “Transpose” on the pulldown sub-menu. The
designated mirror image will be displayed.

Mirror X

Mirror Y

Transpose

7.2.5d Resize

Function:  The size of the current image is changed.
The following three changes are provided:

Resize Description
128 Change to 128128 pixels
256 Change to 256x256 pixels
512 Change to 512x512 pixels

1. Click on “Geometry” in the main menu; then select “Resize” in the pull-down
menu.
2. Select “128,” “256” or “512” on the pulldown sub-menu. The resized image will
be displayed.
Note: Selecting the same size as the current image causes an error.
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7.2.5e Pad Points
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—256

—256 256X256

Function: The current image is shifted to the center of a larger frame.
The following three paddings are provided:

Current
image

Padded image
size

128x 128
256x% 256
512x 512

256, 512
512

1. Click on “Geometry” in the main menu; then select “Pad Points” in the pull-

down menu.

2. Select “256” or “512” on the pulldown sub-menu. Then the current image will

be shifted to the center.

The surrounding area of the image is replaced by black (‘0).
Note: Selecting any frame size other than those listed in the table above would

cause an €rror.

TMPM42-2
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7.2.5f Drift Correction

Function: Corrects the distortion (drift) of the current image.

1. Click on “Geometry” in the main menu; then select “Drift Correction” in the
pull-down menu. A cross cursor ‘+’ appears on the image.

2. Designate an image distortion at 3 corners of a parallelogram—the starting
point (1/3), the 1st vector endpoint (2/3), and the 2nd vector endpoint (3/3)—in
accordance with the guidance displayed on the window. Then the image
within the designated parallelogram frame is converted to a square frame im-
age and displayed in the center of the original image.

3/3
Drift
1/3 2/3 Correction
Current image Corrected image

If the parallelogram used for designation is small, the corrected image is also small. The
size relation between the designated parallelogram frame and the converted square frame
is as follow:

Designated

Corrected image
parallelogram

Less than 128x 128 [ 128x 128 pixels
Less than 256% 256 | 256% 256 pixels

256x 256 or more 512% 512 pixels

7.2.5g Average Unit Cell

Function: The entire image is reconstructed with a designated unit cell.

1. Click on “Geometry” in the main menu; then select “Average Unit Cell” in the
pull-down menu. A cross cursor ‘+’ appears on the image.

2. Designate 3 corners of a parallelogram as a unit cell.
Designate the starting point (1/3), the 1st vector endpoint (2/3), and the 2nd vector
endpoint (3/3) in accordance with the directions displayed on the window. This op-
eration designates the shape of the unit cell of the mesh.
The message “Enter integral factor to scale vector down by” is displayed on the
window.
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3/3

173 2/3

Method for designating a unit cell

3. Input a numerical value—the denominator of division of the designated paral-
lelogram—to scale down the parallelogram to the actual unit cell of the mesh
(each side of the displayed parallelogram is divided by the entered number).

[Example]
If 1 is entered, the size of unit cell is the same as the displayed parallelogram.
If 2 is entered, the actual size of unit cell becomes 1/2 in each direction.

If ‘1’ is entered. If ‘2’ is entered.

4. Click on the “OK” button; then the mesh frame with the actual unit cell is over-
laid on the original entire image; all unit cell images are averaged and the re-
sultant unit cell image is displayed in the top left corner of the image display
screen.

5. The message “Select reduction factor” is displayed. The following four selec-
tions are provided:

Reduction Description

Reduction 1 | The image is reconstructed with a cell whose size is the
same as the designated unit cell.

Reduction 2 | The image is reconstructed with cells whose size is 1/2
the four sides of the designated unit cell.

Reduction 4 | The image is reconstructed with cells whose size is 1/4
the four sides of the designated unit cell.

Repeat Return to step 2 (repeat the designation of unit cell).

6. Select one of the reduction factors. The reconstructed image is displayed.
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7.2.5h Extract Area
Function: The region outside of the designated area on the current image is substituted
with black (‘0”). This black area can be replaced by another image using the
“Replace Area” function.

1. Click on “Geometry” in the main menu; then select “Extract Area” in the pull-
down menu. A cross cursor ‘+’ appears on the image.

2. Designate a rectangle by specifying two diagonal points, 1/2 and 2/2. Then,
the area outside of the designated rectangle changes to black (‘0’).

2/2

/2

Area designation

2/2

Image

1/2

Original image Processed image

TMPM42-2 7-92



7.2.5i Replace Area

7. REFERENCE

Function: The black area made with the “Extract Area” operation is replaced by another

image.

1. After the “Extract Area” operation, click on “Geometry” in the main menu; then

select “Replace Area” in the pull-down menu.

Then a list of images stored in the computer memory is displayed on the window.

2. Select an image to be inserted into the black area.

3. The black area of the current image is replaced by the selected image.

Extract Area

Image list

AR
sitterrssitteriiiiis

800%5555%55555555555559555%9
955555555555555555555555555%%

Selection

Replace Area

TMPM42-2
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7.26 LUT
7.2.6a Adjust LUT

Function: Adjusts brightness and contrast of the current image.

1. Click on “LUT” in the main menu; then select “Adjust LUT” in the pull-down
menu.

An image is displayed with a size of 400x 400 pixels, and bar charts for the bright-

ness and contrast adjustment are displayed.

2. Adjust the brightness and contrast of the image by operating the bar charts.
Click on the “OK” button.

Note: The “Adjust LUT” function can be applied only to a displayed image. The
image data in the computer memory is not changed with this function. In or-
der to change the image data in the computer memory, “Transform Image
Data” must be executed.

7.2.6b Set Window
Function: Pixels whose brightness is within a designated range are displayed, and other
pixels are substituted with black (‘0’).

1. Click on “LUT” in the main menu; then select “Set Window” in the pull-down

menu.
The “Threshold1” and “Threshold2” windows are displayed.
2. Adjust the “Threshold1” and “Threshold2” values and click on the “OK” button.

Only this range is

i displayed.
K%}
2
o
ks
@
Qo
IS
>
=2
I ' .
0 Threshold 1 255
(Black) | (White)
Pixels outsides of the Threshold 2
range are displayed in
black.

7.2.6c Histogram

Function: A pixel histogram of the current image is displayed and equalized.

@ Click on “LUT” in the main menu; then select “Histogram” in the pull-down
menu.
The following menus will be displayed in the Display Window.
Display Hist ... A histogram is displayed.
Equalize......... Image contrast is equalized
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B Display Hist
Function: The brightness histogram of the current image is displayed.
@ Select “Display Hist” in the Display Window.
The brightness histogram of the current image is displayed on the image display
screen.

A
1)
(]
X
o
G
@
o)
IS
=}
=2
0 Brightness 255
(Black) (White)

B Equalize
Function: The image contrast is reconstructed so that the brightness histogram of the
new image becomes almost flat between 0 (black) and 255 (white).

€ Select “Equalize” in the Display Window.

The image contrast is equalized as shown in the figure below.

Note: The “Equalize” function is applied only to the displayed image. The image
data in the computer memory is not changed with this function. In order to
change the image data in the computer memory, “Transform Image Data”
must be executed.

Equalize

0 255 0 255

Y
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7.2.6d Display image LUT
Function: The current LUT (Look Up Table) is displayed on the image as a graph.

@ Click on “LUT” in the main menu; then select “Display image LUT” in the pull-
down menu.
Then, the current LUT is displayed on the image.
Note: The LUT is a data-transform function for displaying the original data on the
image display screen.

= | wr | =

Image data Transform Display

For example, if the LUT is like the one shown below, the displayed image is all
white (255).

255
(White) A

Level

isplayed =| Wl (=

value)

White

0 —
(Black) 0 255 Image data Display
(Black) (White)
Data value
(Original image data)

Or, if the LUT is like the one shown below, an inverse-video image is displayed.

255
(White)

Level = = White
(Displayed
value)

0
(Black) O 255 Image data Display
(Black) (White)

Data value
(Original image data)

Each image has its own LUT. Usually, the LUT is defined as shown below as a de-
fault, but the LUT is changed after “Adjust LUT,” “Set Window” or a similar op-
eration is executed.

TMPM42-2 7-96



7. REFERENCE

255

(White)

Level
(Displayed

value)

0 -
(Black) o 255
(Black) (White)
Data value

(Original image data)

7.2.6e Linearise Image LUT

Function: The LUT of the current image is changed to a linear function (its default).
When the LUT of the current image is changed to a linear function, the image brightness
and contrast are also changed. This function is to force the LUT to a linear function (its
default). Therefore, if “Linearise Image LUT” is operated for the following LUT, the
LUT is linearised as shown in the figure below (right).

255 oottty 255 fTTTTTTTTTTTTTTTTTTTT
(White) H (White)
Level ':> Level
(Displayed Linearise (Displayed
value) Image LUT  value)
0 | - 0L >
(Black) o 255 (Black) O 255
(Black) (White) (Black) (White)
Data value Data value
(Original image data) (Original image data)

@ Click on “LUT” in the main menu; then select “Linearise Image LUT” in the
pull-down menu.
Then the current LUT is linearized. The image is displayed with the linearized LUT.

Note: Whether the LUT has been linearized with this function or not can be con-
firmed with the “Display Image LUT” function.
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7.2.6f Transform Image Data

Function: The displayed image, which is processed with an LUT, is stored in the com-
puter memory as new original image data.
The following transforms are performed.

Original image data

*

Z,

l »_—}Displayed original image

%

ILF

]

@Transform Image Data

Default LUT

Processed LUT (eg. Equalize)

Data is different

Processed displayed image

Default LUT

Image is the same

I
L~D——New original image data

New Displayed original image

1. Click on “LUT” in the main menu; then select “Transform Image Data” in the
pull-down menu.

2. Then, the displayed image, which is processed with an LUT, is transformed to
new original image data. In other words, the displayed image data is stored in
the computer memory as new original image data.

Notes: 1. After this operation, the current LUT becomes a linearised default LUT.
2. After the “Adjust LUT,” “Set Window” or “Equalize” function is used,
the image must be transformed with this function.

7.2.6g Remove LUT colours

Function: Color information specified in an LUT (Look Up Table) is erased.
@ Click on “LUT” in the main menu; then select “Remove LUT color” in the pull-
down menu.

Then, the colors specified with the “Display Colours...” function (refer to Subsec-
tion 7.2.7f) are removed from the image, and it turns into a normal image.
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is selected in reply to the message “keep colours ?” of the

“Grab from FS” function (refer to Section 7.2.7h), the color information

in the LUT
data.

is stored on the computer memory together with the image

2. If no color information exists in the stored LUT, this operation causes an

€ITor.

7.2.6h LUT Math

Function: An LUT is mathematically operated on with addition, multiplication or other

operation.

@ Click on “LUT” in the
menu.
The following eight op

main menu; then select “LUT Math” in the pull-down

erations are provided:

Operation

Description

Inverse
Reverse
Add
Bitwise And
Bitwise Or
Bitwise Xor
Multiply
Divide

Level axis of LUT is inverted.

Data axis of LUT is reversed.

A constant is added to LUT.

AND operation with a constant for each bit
OR operation with a constant for each bit
XOR operation with a constant for each bit
LUT is multiplied by constant.

LUT is divided by constant.

Note: If the resultof a numerical operation is outside the range of 0 to 255, the data is set

to 0 or 255.

[Example]
If 100 is added to a current
the new LUT shown below.

LUT with the “Add” operation, the image is displayed with

255 Original LUT LUT 255 New LUT
Whit White
E ||e) Add ( )
eve |:'_| > |:“ >3
(Displayed 100 §
value)
0 >
Black 255 (Black) o 255
(Black) (White) (Black) (White)
Data value Data value
(Original image data) (Original image data)
LUT Math
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7.2.6i Fix Z scale

Function: The height scale of the current image is changed.

“Fix Z Scale” changes the scale of the image brightness (height of specimen-surface un-
evenness).

For instance, in the case of a height profile displayed with the “Profile” function as
shown below (left), the scale of height (brightness) is 0 to 10 nm for image brightness of
0 (black) to 255 (white). If the scale is changed to 0 to 20 nm, the displayed height
(brightness) profile changes as shown below (right). The contrast of the displayed image
is also changed.

This function is used to compare two images whose height scales differ from each other,

by converting them to the same height scales.

Note: The LUT is changed by this function, but the original data remains unchanged in
the computer memory.

Height Height
scale scale
(nm) (nm)
104 255 204 -255
(White) (White)
g = g
(] e (O]
o S Height scale =]
&5 change s
£F (10 to 20) E5
0 0 0 0
(Black) (Black)

1. Click on “LUT” in the main menu; then select “Fix Z Scale” in the pull-down
menu.
Then, the window indicates the existing height scale, and asks you about a new

scale.
2. Enter the new scale using the keyboard, and click on the “OK” button.
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Function: From among the image data stored in the computer memory, the current im-
age data is displayed in the Display Window. This function is used to display
an image again after clearing the display with the “Clear FS” function (refer

to Section 7.2.7g).

@ Click on “Display” in the main menu; then select “Display” in the pull-down
menu. The current image stored in the computer memory is displayed in the

Display Window.

7.2.7b Display Param...

Function: Parameters for displaying an image are set in this window.

@ Click on “Display” in the main menu; then select “Display Param...” in the pull-
down menu. The “Display Parameters” window will open.

Display Parameters

MNano marker

—Display Size—  — Display Mode
64 * Top View
128 " Birds Eve
256 " Contaur
512 " Filled Contaur
@ Auto " Overlayed Contaur

Mo of 16 -
Contours
— Text Overlay
— Text Justification
& Off & Left
' Cherlay " Right
" Opague O Centre
— Text
Arrow Size |5o—

Cancel

Display

—
WG
|

[ mrtEEe
b T
—Framegrabber Mode —

) [Hizzhled
) Eqatiled
1 Aeauine

) Ereeze

&z i) |

Note: Parameters set in this window are in effect regardless of the parameters set for
scanning as long as they are not changed. For example, if “Display Size” is 64, an
image is displayed as 64x64 when loaded from a disk, even if the original image

was scanned at 512x512.
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® Display Size (64,128, 256, 512, Auto)
The image display size is specified in this frame by selecting a radio button. The choices
“64,” “128,” “256,” “512” and “Auto” are provided. When a button is selected from
among “64,” “128,” “256” and “512”, an image is displayed in the selected pixel size re-
gardless of the original image size. When “Auto” is selected, an image is displayed in the
original image size.

® Display Mode
The display mode is selected in this frame.

Radio button Description

Top View This mode is the normal display mode. Height (signal level)
corresponds to brightness. Conversion of signal level to image
brightness is performed by LUT. Usually, a higher signal level (height)
is displayed at higher brightness.

Bird’s Eye An image is displayed as a shaded image. The eye point is the same as
in the “TopView.” Illuminating brightness and direction can be
designated with “3D Display” (refer to Section 7.2.7d).

Contour Contour lines are displayed. Density of contour lines can be set in the
“No. of Contours” selection-box in this window.

Filled Contour Areas between the contour lines are filled with a brightness
corresponding to the image level.

Overlaid Contour Contour lines are overlaid onto the “Top View” image.

® No of Contours
The number of contour lines for the “Contour” mode is specified in this selection-box.

® Nano Marker
A scale marker can be displayed to show the size of an image. When the “X” or “Y”
check box is checked, the marker is shown. The marker length and unit are automatically
calculated.

® Text Overlay
Text and an arrow mark can be overlaid on the image in the Display Window.

o “Text” frame

Radio button Description
Off An arrow mark is displayed, but no text is overlaid.
Overlay Text is overlaid directly on the image.
Opaque Text is displayed on black background.
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e “Justification” frame

Radio button Description
Left Text lines are left-justified.
Right Text lines are right- justified.
Centre Text lines are centered.

* “Text” frame
Text is entered in this input box using the keyboard. To change to a new line, use the
mouse cursor, not the Enter key.

* Arrow Size
The length and width of the arrow mark are specified in this input box. When you
click on the “Text” button, a ‘+’ cursor will appear on the image. Designate the start-
ing and ending points of the arrow mark using the cursor.

Width

\

—

[Example] “Arrow Size” = 1 “Arrow Size” = 5

® Framegrabber Mode (option)
An externally attached VTR (Video Tape Recorder) is controlled in this frame. An image
displayed in the Display Window is output in an S-VHS signal through a video converter.
An NTSC video signal is displayed in the Display Window.

Radio button Description
Disabled The video signal input/output is stopped.
Enabled The video signal is output to a VTR.
Acquire The video signal from a VTR is displayed in the Display Window.
Freeze The video signal from a VTR isstopped, and the displayed image is
frozen temporarily.
Grab An image received from a VTR is grabbed.
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7.2.7c Full Display

Function: An image with a size of 400x400, the gray scale for the displayed image and
information on the image are displayed in the full display screen as shown in
the figure below.

Height display

Image information

7.2.7d 3D Display

Function: Parameters for 3-D (three-dimensional) display of an image are set in this
window.
The “3D Display” window will be displayed.

3D Display

 Display Type Mesh Size lm

 Mesh

& Grey hMash LY Scale IOF:'E'CIUE ]' Cancal

& Salid Z Scale IOpaque 'l

© llluminated Displans |
Base [Salict walls 7]

€ Set Orientation

lum Indication: & On © Off

— Qrientation —Hlurmination

Azimutk IT Lateral |45 Azimuth Ir Lateral Ir
7 Boale |17 Perspective |5—ﬂ Ambignt rﬂ
Magnification |1—
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A type of 3-D display is selected using these radio buttons.

Radio button

Description

Mesh
Solid
Gray Mesh

Illuminated

Set Orientation

A 3D wire-frame image is displayed.
A solid 3D image is displayed.

A 3D wire-frame image is displayed with higher brightness for a higher
image level.

A solid 3D image is displayed with an illuminating light applied from
one direction.

You can adjust the 3D display angle to the optimum condition while
watching the ‘Mesh’ image. After this operation select ‘Solid’ to
display a solid 3D image in this orientation.

® Mesh Size

{8,16,32,64,128,256,512} Number of mesh nodes for 3D construction is specified in

this input box. Specify the number of meshes for the X and
Y axes.

Note: Selecting a larger number of meshes than the number
of pixels of the original image would cause an error.
Selecting a larger number results in a finer image, but
it takes a longer time to construct a 3D image. When
selecting “Mesh” or “Gray Mesh,” select a rather
small number.

® XY Scale, Z Scale

A display type for the X, Y or Z scale is designated in these selection boxes.

Type Description
Overlay Scales are overlaid directly on the image.
Opaque Scales are displayed on black background.

® Base

A display type for the foundation of the 3D display is designated in this selection box.

Type Description
Off No foundation or side wall is displayed.
Base Only Foundation is displayed, but side walls is not displayed.
Solid Walls Side walls are displayed, but foundation is not displayed.
[luminated Walls Side walls are illuminated by the same light source as that for the 3D

image.

TMPM42-2
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® lllum Indication
When “Illuminated” is selected in the “Display Type” frame, the illumination direction
can be indicated by an arrow mark. Select ‘On’ or ‘Off” with the radio-buttons.

® Orientation
The viewing angle of a 3D image is designated in this frame.

ltem Description

Magnification Magnification of 3D display is specified. The image size on the screen
is always 400x400. This function changes the size of the 3D image
displayed on this screen.

Lateral Lateral angle for viewing the 3D image is specified.
Azimuth Azimuth angle for viewing the 3D image is specified.
Z Scale Display magnification in the Z-axis is specified. A smaller

magnification produces a plainer image.

Perspective The distance between the eye point and the object is specified. A larger
number moves the eye point backward.

® lllumination
An illuminating angle for 3D display is designated in this frame.

ltem Description
Lateral Lateral angle of the illuminating source is specified.
Azimuth Azimuth angle of the illuminating source is specified.
Ambient Izgtsensity of the ambient lighting is specified as a number between 0 and

Ambient light intensity
0 (dark) to 255 (bright)

Illumination direction Azimuth 0~90°

) é 7/L— Diffuse light intensity
/
/ // (dark) to 255 (bright

Illumination direction Lateral 0~360°

After completing the parameter setting, click on the “Display” button. A 3D image will
be displayed.
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7.2.7e Merge

Function: The current image and another selected image are merged and displayed.

—Merge Type

{* 20 Merge : :
Cancel
C _ Camcel |

3D Merge Colours
Dizplay |

— Merge Calours
& Image 1 R

Cal Palett

" Image 2 ] haaEE

® Merge Type
Type of merging is designated in this frame.

Type Description
2D Merge Two images are merged and displayed two-dimensionally.
3D Merge Two images are merged and displayed three-dimensionally.

3D Merge Colours | Two images are merged and displayed three-dimensionally with colors.
Each image is displayed in a different color designated in the “Merge
Color” frame.

The parameters for “3D Merge” and “3D Merge Colours” are specified in the “3D Dis-
play” window.

The signal levels of the images to be merged are compared for each corresponding pixel,
and the larger level is selected for the merged image to be displayed.
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__|  The higher level is selec- .
__r— ted and displayed in the Merged image
merged image.

=>

Merge

Merge

B Merge Colours

The colors of the images to be merged are designated in this frame. [ “Image 1” desig-
nates the color for the current image and “Image 2” designates the color for another im-
age to be merged. Select the “Image 1” radio button and click on the “Color Palette”
button. The color of “Image 1” is designated. Then, designate a color for “Image 2” in
the same manner. For color setting with the “Color Palette” function, refer to the instruc-
tion manual for Windows95™.

7.2.7f Display Colours...

Function: The color for displaying an image and colors for displaying other data in the
screen are designated.

Display Colours

—Image Look up Takle

IIdentity j
0zi=ly]
- Set Colours

LUT To Use——— IGeneraI Text j
|7 ' Image Edlitt

& Default D= |

Copy To lmage |
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The color for displaying an image is selected in this frame.

Color table

Description

Identity
Inverse

Logarithmic

Pseudo colour

Blue
Yellow

User 1, User 2

Linear gray scale (High: White, Low: Black)
Inverse linear scale (High: Black, Low: White)
Logarithmic gray scale

High: Red, Middle: Green, Low: Blue

Blue mono-color (linear scale)

Yellow mono-color (linear scale)

User-defined color

* Open: A saved color table is loaded from the disk.

» Save: The current color table is saved on the disk.

* Edit: The current user-defined color table can be changed (refer to the Note below).
* Set:  Image color is defined as displayed in the above box.

Note: The procedure for making or modifying a color table with “Edit” is as follows:

1. Select “User 1” or “User 2” and click on the “Edit” button.
Red, green and blue color table definition windows will appear.
2. Define the “R” (red), “G” (green) and “B” (blue) tables using the mouse.

Intensity |

)

Red

~—— Designate by pressing the
left mouse-button.

/

o
|

LUT index

Yellow

White

Magenta’

Green

___Cyan
Blue

TMPM42-2
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® Colours
Colors for displaying other parts than images are selected in this frame.

Part Description

Old Image Boundary Frame of an image which is not the current
image

Current Image Boundary | Frame of the current image

Overlay Text Characters displayed on an image
General Text Image data displayed on the screen
3D Display Base Foundation of the 3D display

3D Surrounding Colour | Background of the 3D display

3D Sides 1 Side wall of the 3D display

3D Sides 2 Side wall of the 3D display

Selected Points A ‘+’ mark when designated

Axes Colour Axes of the graph

Axes Title Colour Axis titles of the graph

Plot Title Colour Title of the graph

Plot Colour Data in the graph

Reverse Plot Colour The second data in the graph when two
graphs are plotted on the same graph

Grid Colour Grid of the graph

CITS Border Colour Frame of the CITS image

Framestore Background | Background in the window

For color setting with the “Define” function, refer to the instruction manual of Win-
dows95™.

7.2.7g Clear FS

Function: The displayed image is cleared.

1. Click on “Display” in the main menu; then select “Clear FS” in the pull-down
menu.
2. Then, The image displayed on the Display Window is erased.
Note: This function clears only the displayed image or data. Image data in the
computer memory are not erased. To do this, use “Close” in “File” (refer to
Section 7.2.1c).

7.2.7h Grab from FS

Function: An image displayed on the Display Window is stored in the computer memo-
ry with a title name given to it.

1. Click on “Display” in the main menu; then select “Grab from FS” in the pull-
down menu. Then, a sub-pull-down menu is displayed.
2. Select a part of the image to be stored from the sub-pulldown menu.
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Item Description
Whole Whole image in the Display Window
Top left Top left 1/4 of the Display Window
Top right Top right 1/4 of the Display Window
Bottom left Bottom left 1/4 of the Display Window
Bottom right Bottom right 1/4 of the Display Window
Center Center 1/4 of the Display Window
Selected A designated area of the Display Window (refer to

the Note below)

Top left Top right

Bottom left | Bottom right

Note: When “Select” is selected, a “+’ cursor appears in the image. Then, designate
two diagonal points by pressing the left mouse button. The designated image
is grabbed in the computer memory.

2/2

1/2

Designation of area

3. The message “Keep colours ?” is displayed on the window. If you want to
keep the color data, select “Yes.”
The message “Enter image title” is displayed on the window.
Note: Regarding the “Keep colours ?” message, refer to Sub-section 7.2.6g “Re-
move LUT colours.”
4. Input the title using the keyboard.
Note: This title is not the file name saved on the disk, but is listed by the “Select”
function (refer to Section 7.2.9).
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7.2.7i Change Param...

Function: The contents of the “Data Information” window are changed.

@ Click on ‘Display’ in the main menu; then select ‘Change Param...” in the pull-
down menu. Then, the ‘Parameters’ window will appear.

Parameters

Title  |[Au/HOPG 50nm Q.64 27 3mY 576dag

Info Cancel |

Current/n# 0.93 Bias |1 DAG

Frocess String v Source W am
Image Size X (hm) W Data IW

Image Size ¥ (nm) W Data OxEFFF  [51.251 |

Feedhback Made ST -

Acouisition |51 w12 'I

The items that can be changed are as follows:

ltem Description
Title 40 characters or less
Info 39 charactersx5 lines, or less

Reference/V/Current/nA | Optional
Sample Bias (V) Optional

Process string Whether or not the history of ON, OFF,
image processing , etc. is displayed

Image Type Topography, Current image, Log current
image, External ADC image, CITS current
image, CITS log current image, Force

image

Image Size X (nm) Optional

Image Size Y (nm) Optional

Data value 0 Absolute image level (height) to be
displayed in black (0)

Data value 255 Absolute image level (height) to be
displayed in white (255)

Data Type STM, Contact, Slope, FM, FMS
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7.2.8 CITS

The CITS (Current Imaging Tunneling Spectroscopy) function measures I-V characteris-
tics at each point of scanning. That is, [-V data is obtained at each pixel.

I A
Tip J
A%
N

\ IA
. /=
A%

Specimen

The top left image on the screen is a topographic image obtained under the parameters
specified in the “SPM Parameters” window. The next (right-hand side) image and all
others show tunneling current images obtained at various bias voltages without changing
the tip height at which the topography image was obtained.

Topography image

Tunnel current The varying bias voltage at each
—20V|- 19V |- 18V A point (pixel) of scanning and

tunneling current at specific bias
voltage value are displayed on the
frame corresponding to the

specific bias voltage.

-

) Bias voltage

Since -V data and a topographic image are measured at the same time, there is a perfect
position correspondence between the topographic image and tunneling current. It is pos-
sible to select, using the mouse, an arbitrary point on the specimen while watching its
topographic image and accurately display the I-V characteristics of the selected point.
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LA

<Y

LA

Y

<Y

7.2.8a Display Parameters

Function: The display parameters for CITS images are specified in this window. CITS
images are displayed in a size of 128 x 128 pixels.
The parameters to be set are as follows.

CITS Display Parameters
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® Display Mode
Display modes are selected with these radio buttons.

Display mode Description
Normal Current images are displayed directly.
Difference Images of the current difference between

neighboring frames are displayed.

Normalized Difference Images of the normalized current
difference between neighboring frames are
displayed.

Normalized d (ADC) Images of the normalized current

difference between neighboring frames
based on the original AD values are
displayed.

Conductance Derivative (dI/dV) images are displayed.

® Show Bias Voltage
A display type for bias voltages is selected in this selection-box.

Type Description
Off Bias voltages are not indicated.
Overlay Bias voltages are directly overlaid on the images.
Opaque Bias voltages are displayed on a black background.

® Number to display
The number of image frames to be displayed is selected in this selection box.

® Normalization Parameters
The range for normalization is specified in this frame. This frame is used only when
“Conductance” is selected in the “Display Mode” frame.

ltem Description

Low Conductance Value to be displayed in black is specified
in this input-box.

High Conductance Value to be displayed in white is specified
in this input-box.

® Images to Display
Show Topographic Image: When this check-box is checked, a topography image is
displayed in the top left frame of the Display Window.
Images to Select: The current image series to be displayed is selected in
this selection box.
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ltem Description

None Nothing is displayed.

Spaced Images are displayed in equal voltage intervals.

First Designated number of images starting with the first voltage
value are displayed. Number is designated in “Number to
display.”

Last Designated number of images starting with the last voltage
value are displayed. Number is designated in “Number to
display.”

Mixed Images for designated voltages are displayed. Voltages are
designated in boxes “1” to “16.”

7.2.8b Special Displays

Since one CITS consists of a lot of data, special display modes are provided to display

CITS images.
Display Mode Description

Paged display Sixteen frames, beginning with the first one, are displayed.

64x 64 display Sixty-four frames are displayed at a time with a size of 64x 64
pixels for each frame. If the number of images is 16 or less, these
images are displayed at a size of 128x 128 pixels. When the ‘+’
cursor is moved to any of the sixty-four image frames, the
information of the image is displayed on the “Data Information”
window.

Rapid display All the CITS images are sequentially displayed in real time as a
moving picture on the top left 128x 128-pixel frame with scroll bar
operation.

Memory
. '
. : Displayed in the
: : top left corner
CITS data for * ! T
one frame = CiTSdatafor | 1%
one frame - ﬁ
. I Displays
64 frames | 64 frames ¢
Bar-chart
1 | operation
: Left mouse- :
64 frames : button :
: :
Paged display (64 x 64 display) Rapid display
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—0.533
-0.967
0532
—-0.938
—0.820W
—-0.8058Y

(IR Wl B e —-

Previous

Display Blext |

Function: The active CITS image is designated, and always the current CITS image is
displayed in the frame next to it.

Note: “Current CITS image” means the image that is currently designated in the com-

puter program.

Topo image

- 2.0V

- 1.9V

le—— Previous CITS image

- 1.8V

l«——— Current CITS image

-17v

l«—— Next CITS image

LoV

2.0V

CITS image

For example, when the tunneling current image with a —1.8 V bias voltage is the current
CITS image and each command is executed, the following CITS images will be dis-

played.

Button

Description

Display

Previous

Next

The CITS image with a —1.8 V bias voltage is
displayed in colored frame.

The CITS image with a —1.9 V bias voltage is
displayed and this image becomes the current image.

The CITS image with a —1.7 V bias voltage is
displayed and this image becomes the current image.

TMPM42-2
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7.2.8d Edit CITS Data Set
B Edit

Function: Copy or delete the designated CITS image, or add a comment or title on a
designated bias voltage image in the CITS bias voltages.

@ Click on “CITS” in the main menu; then select “Edit CITS Data Set” in the pull-
down menu. Then, select “Edit” in the sub-pulldown menu.
The “CITS Select” window will appear. The following operations can be per-
formed.

Brevious | Displan | Mext |
Copny | Delete | Edit |
* Previous
The CITS image with the bias voltage prior to the current one is displayed.
* Display
The current CITS image is displayed again.
* Next
The CITS image with the next bias voltage after the current one is displayed.
* Copy

A tunneling current image with an optional bias voltage extracted as an indepen-
dent image from among the CITS images is stored in the computer memory.

For example, the extracted —1.8 V image is treated as an independent image.
Therefore, image processing can be performed for this image in the same manner
as for an ordinary tunneling current image.
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Topo image | +
2.0V One independent tunnel
current image
-1.9V
Move image LTy
———
B Topo image :
-2.0V 1.9V
-1.9V >0V
: * Original CITS image data
are not kept.
cITs LIV —
E Topo image | +
2.0V One independent tunnel
19V current image
20V
Original CITS data Copy image
-
19V
20V
Original CITS image
data are kept.
* Delete
CITS images are deleted.
1 1
|:> 3
5

After ‘Delete’
operation

Delete —

Original CITS
data

« Edit
A title is input for the CITS image displayed as the current image.
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Function: A current image that was stored in the computer memory with the “Copy” op-
eration is inserted again into the original CITS image data.

Note: If there is no tunneling current image that was stored in the computer memory
with the “Copy” operation, selecting this function would cause an error.

[Example]

CITS -

CITS

Topo image

- 2.0V

- 1.9V

- 17V

- 1.6V

1.9v

2.0V

Replace

=>

Topo image

- 2.0V

- 1.9V

— 1.8V

- L7V

1.9V

2.0V

Replace

=>

- 1.6V

1.9v

2.0V

Topo image
- 2.0V Data remains in the
memory
— 1.9V

‘~1.7’ is replaced by -1.75’

Topo image

- 2.0V

- 1.9V

AY

1.9v

2.0V
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Topo image

- 20V

- 19V

- 17V

- 1.6V
CITS

Insert

1.9v

2.0V

Hl Copy | over Topog.

Function: A current CITS image is overlaid on a topography image displayed in the top

TMPM42-2

left frame.
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Topo image

- 20V

- 19V

- 17V

— 1.6V

- 18V

1.9V

2.0V
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B Split all images

Function: All images comprising of a CITS image are separated, and each split image is

TMPM42-2

stored in the computer memory as an independent current image data.

7. REFERENCE

1. Click on “CITS” in the main menu; then select “Edit CITS Data Set” in the
pull-down menu. Then, select “Split all images” in the pulldown sub-menu.
2. The message “Keep original CITS data?” is displayed. If “Yes” is selected, the
original CITS image is kept in the computer memory. If “No” is selected, the

original CITS image is erased

[Example]

Topo image

- 2.0V

- 19V

1.9v

2.0V

Topo image

- 2.0V

- 19v

1.9v

2.0V

Split all images

=>

Keep original CITS

data set

Yes

Split all images

=>

Keep original CITS

data set

No

Topo image

- 20V

- L9V

- 2.0V

-19v

1.9v

2.0V

Topo image

—-20V

- 19V

2.0v

2.0V
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7.2.8e Average Images

Function: The designated number of CITS images are averaged.

1. Click on “CITS” in the main menu; then select “Average Images” in the pull-
down menu.
Then, a pop-up window “Number of images to average over” will appear.
2. Select a number from 2, 4, 8, 16 and 32. The designated number of Images
are averaged, and the averaged images will be displayed.

[Example]
When 2’ is selected:

Topo image Topo image
- 2.0V :| - 1.95V
-19v - 1.75V

- 1.8V
— 17V —_J :>

Average Image

1.95V

1.9V ]
2.0V

7.2.8f Duplicate Data Set

Function: All images in the CITS data series are duplicated in the computer memory.

1. Click on “CITS” in the main menu; then select “Duplicate Data Set” in the pull-
down menu.
2. Then the whole data series will be duplicated in the computer memory.

7.2.8g Extract Spectra...

Function: The I-V data is derived from the CITS image and is data-processed. Then the
processed data is displayed as a graph.
The display method is as follows.

Display on CRT Description

I-v Normal I-V data

dl/dv Derivative of the I-V data

dLnl/dLnV Derivative of V-normalized I-V data

dId VvV Second derivative of the I-V data
d_Lnl/d_LnV Second derivative of V-normalized I-V data
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B Selection Type

When “Object” is selected, an area can be designated by pointing to particles with the
‘+’ cursor and pressing the right mouse button. Then, the [-V curves at the points within
the designated particles are averaged and displayed. This function is in effect when the
“Particle” function is applied to a binarized image.

B Select

The region in which I-V curves are to be averaged is designated by pointing to two di-
agonal points with a ‘+’cursor.

2/2
— -
1/2
Topographic image I-V curves within the area are
Designate two diagonal points averaged and displayed.

7.2.9 Select

The list of data in the computer memory is displayed. A check mark is shown at the left
of the current data.
The following functions are provided in the pull-down menu:

® Previous Image
Function: When “Previous Image” is selected in the pull-down menu, the nearest image
data above the current data is displayed.

® Next image
Function: When “Next Image” is selected in the pull-down menu, the nearest image data
below the current data is displayed.

® Previous Data
Function: When “Previous Data”’ is selected in the pull-down menu, the data listed just
above the current data is displayed regardless of whether it is an image or a
graph. You can press the Page Up key on the keyboard instead of using the
mouse to display the data listed above the current data.

2

® Next Data
Function: When “Next Data” is selected in the pull-down menu, the data listed just be-
low the current data is displayed regardless of whether it is an image or a
graph. You can press the Page Down key on the keyboard instead of mouse
operation to display the data listed below the current data.
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7.2.10 Window

Functions for handling windows on the screen are provided. The following handling
functions are provided in the pull-down menu:

® New Window
Function: When “New Window” is selected in the pull-down menu, a new Display
Window is opened. When two or more Display Windows are opened, a check
mark is shown at the left of the active window in the list.

® Close Window
Function: When “Close Window” is selected in the pull-down menu, the active window
is closed. It is impossible to close all the Display Windows. At least one Dis-
play Window must be displayed on the screen.

Note: This function is applied to windows which are actually displayed on the screen.
The data stored in the computer memory remains there even if its window is
closed.

® Arrange Icons
Function: When “Arrange Icons” is selected in the pull-down menu, windows on the
screen can be iconized and arranged.

® Cascade

Function: When “Cascade” is selected in the pull-down menu, the displayed windows
are arranged in cascade (overlapped with a small shift).
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7.2.11 Help

Online help is provided in this software. When you are not aware of the operation or
meaning of some functions, this “Help” function is useful.

® Contents

Function: When “Contents” is selected in the pull-down menu, the online help is dis-
played. For an underlined item, you can see a more-detailed description by
clicking on the item. Once a help window is set to a convenient size, the help
window will be displayed in this size afterwards. If the “Help” window set-
ting is “Options”—“Keep Help on Top” — “On Top,” the help window is al-
ways on top. This is convenient especially when you operate while referring
to the help window.

® Search for Help on
Function: When “Search for Help on” is selected in the pull-down menu, online-help
items can be searched for by clicking on the keyword.

® How to Use Help
Function: When “How to Use Help” is selected in the pull-down menu, instructions for
the usage of the online help are displayed.

Note: Some items are not supported by this function.
® About

Function: When “About” is selected in the pull-down menu, the version number of this
software is indicated.
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| CONTENTS

7.3 DATA PROCESSING

Data processing functions for graph data such as I-V data are provided. The pull-down
menus automatically change, depending upon whether the displayed data is an image or

a graph.
Here, processing of graph data is described. The following items are the same as those

for the Image Processing functions.
File
Edit
Select
Window
Help

7.3.1 Process
7.3.1a Smooth
Function: A displayed graph data is smoothed.

@ Click on “Process” in the main menu; then select “Smooth” in the pull-down

menu.
The “Smooth” window will be displayed.

Methaod
" Average

Cancel |
* Median

Data Width |? :’

® Average
The designated number of neighbor data points are averaged.

Note: The data at the two edges of the graph cannot be processed.

Y
A

The average of five points
is substituted for by the
central data point.

Y

A case of five-
point averaging
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® Median
Function: A noise spike is eliminated. The designated number of data points are com-
pared with neighboring data, and the middle value of these data is taken as the
new data value.

Note: The data at the two edges of the graph cannot be processed.

Y
3
2 4 The Y values of the five points are
1 sorted, and the value of Y3 is
5 replaced by the middle of those five
values (Y2, in this example).
-
A case of five-point
median smoothing
® Data Width
Function: The number of data points to be averaged or compared is specified in this in-
put box.

7.3.1b Math X, Math Y

Function: A mathematical operation with a constant is carried out on the X axis (Math
X) or the Y axis (Math Y) data.
The following seven mathematical operations are provided.

Operation Description
Add Addition of a constant
Multiply Multiplication with a constant
Divide Division by a constant
Natural Log Natural logarithm
Inverse Invert the sign of value
Absolute Value Absolute value
Reciprocal Reciprocal of the value

1. Click on “Process” in the main menu; then select “Math X” or “Math Y” in the
pull-down menu.

2. Select the desired operation in the sub-pulldown menu. If “Add,” “Multiply” or
“Divide” is selected, the “Enter constant” window will appear. Enter a constant
in the window.

The designated mathematical operation is performed for the graph data, and dis-

played.

Note: If “Reciprocal” or “Natural Log” is selected and the result of the reciprocal
or natural log overflows, it is set to the maximum or minimum value in the
graph data.
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[Example]

-5
— 104

|

Original graph

7.3.1c 2 Spec Math

7. REFERENCE

d 102
X |:{> X

Add (constant is 5.0) / _s5l

—-104

Processed graph

Function: A mathematical operation is carried out between the Y axis data of the current
graph (displayed graph) and Y axis data of another graph (stored in the com-
puter memory).

The following mathematical operations are provided.

Operation Description
Add A+B
Subtract A-B
Average (A+B)/2
Difference |A-B|
Multiply Ax B
Divide A/B

A: Data of the current graph
B: Data of the selected graph

1. Click on “Process” in the main menu; then select “2 Spec Math” in the pull-
down menu. Select the desired operation in the sub-pulldown menu.

2. The list of graph data recorded in the computer memory will be displayed.
Then, select a graph to be operated on.

3. The designated mathematical operation is performed between the two graph’s

data, and the results are displayed.

[Example]

"\

S sl M Add 7

Current (displayed)
graph

TMPM42-2

Selected graph Processed graph
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7.3.1d Differentiate

Function: The displayed graph data is differentiated.

@ Click on “Process” in the main menu; then select “Differentiate” in the pull-
down menu.
The “Differentiate” window will be displayed.

Differentiate

Caloulation

i dlfdv

= dinlfdint’
 d2l/day
T d2Inl/d2Int

Data Width |5 :’

@ Calculation
A differentiation method is selected in this frame. The available differentiations are as

follow:
Operation Description
dl/dv 1st derivative by the Savitzky-Golay method
dinl/dInV Resultant of the dI/dV is normalized by V/I.
d2l/d2v 2nd derivative by the Savitzky-Golay method
d2Inl/d2InV | Resul of d’Inl/d(InV)’ is normalized by V/I.
® Data Width
The number of data to be used for the Savitzky-Golay method is specified in this input-
box.
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7.3.1e  Remove DC Bias
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Function: All the Y values are averaged, and the result is subtracted from each Y value.

1. Click on “Process” in the main menu; then select “Remove DC Bias” in the

pull-down menu.

2. The operation is performed, and the processed result is displayed.

[Example]

x>

/ 5T Remove DC Bias

—104 (Average is assumed
to be 2.5)

Current (displayed)
graph

TMPM42-2

X

Tip offset
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7.3.2 Analyse
7.3.2a Fit Polynomial

Function: A graph is approximated by an n"-degree polynomial.

1. Click on “Analyse” in the main menu; then select “Fit Polynomial” in the pull-
down menu.
The “Enter Polynomial degrees” pop-up window will appear.
2. Enter the degree using the keyboard.
If the number ‘n’ is entered, the following polynomial is used for approximation.

AX +A-X-"+ ... +AX' +A

In the case of cubic polynomial approximation,
AX + AXP+ A X+ A,
is applied.
After completion of the approximation, the resultant curve is overlaid on the origi-

nal graph, and the resultant polynomial formula is displayed on the “Display Infor-
mation” window.

7.3.2b Zoom
Function: A part of a graph is enlarged.

1. Click on “Analyse” in the main menu; then select “Zoom” in the pull-down
menu.
A ‘+’ cursor will appear on the graph.
2. Designate two diagonal points of the area to be enlarged with the ‘+’ cursor.
Then the designated area will be enlarged to the full frame size.

A

Designate the area with
two diagonal points Enlarged graph
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7.3.2¢c Measure

Function: The coordinates of the present cross-cursor position, and the relative distance
between the present cross-cursor coordinates and the previous cross-cursor
coordinates, are indicated.

1. Click on “Analyse” in the main menu; then select “Measure” in the pull-down
menu.
A “+’ cursor will appear on the graph, and the coordinates of the cursor are dis-
played.
2. Position the ‘+’ cursor at a point on the curve; then click the left mouse-button.
The ‘+’ cursor will be fixed at the point.
3. Move the ‘+’ cursor to a desired point. The present coordinates of the ‘+ cur-
sor position and the distance between the present and previously fixed ‘+’
cursor coordinates are indicated in the “Measure” window.

7.3.2d Group Plot
Function: A selected graph is overlaid on the current (displayed) graph.

1. Click on “Analyse” in the main menu; then select “Group Plot” in the pull-down
menu.
The list of graph data stored in the computer memory will be displayed on the con-
sole display window.
2. Select a graph to be overlaid with the mouse operation. The selected graph
will be overlaid on the current graph.
Note: The cursor is displayed on the graph already displayed on the display win-
dow.
3. The graph list will be displayed again. Continue the operation as necessary.
Clicking the right mouse button finishes the operation.

-
L

10 -5 5

|
—_
=+
|
ol
o

54

10+ -5+

Current graph Graph to be overlaid Overlaid graph
(The scale of the original graph is
applied to the overlaid graph.)
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7.3.2e Show FFT
Function: The FFT is applied to the data of a displayed graph.

1. Click on “Analyse” in the main menu; then select “Show FFT” in the pull-down
menu. The names of the FFT windows will be displayed in the pulldown sub-
menu. The following FFT windows are provided:

FFT window Description
No window FFT without window
Cosine window W (n) = 0.5-0.5cos (10nTt /N)
Parzen window W (n) = 1-{n—-0.5 (N-1)}2/0.5 (N+1)
Cosine arch W (n) = 1-n-0.5 (N-1)/0.5 (N+1)
Hamming W (n) = 0.54+(1-0.54) cos (211 n/N)

2. Select a desired FFT window. Then, the FFT is performed and the result is
displayed.
Note: The DC bias component is automatically eliminated before the FFT execu-
tion.
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7.3.3 Display
7.3.3a Plot
Function: A graph is displayed again.
@ Click on “Display” in the main menu; then select “Plot” in the pull-down menu.

Then the last-displayed graph is displayed again.

7.3.3b Plot Parameters

Function: Parameters for displaying a graph with the “Plot” function are specified in this
window.

Plat Parameters
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The following parameters are provided.

Parameter Description

X Axis Size Size of graph along X axis is specified. Available sizes are 256
and 512.

Y Axis Size Size of graph along Y axis is specified. Available sizes are 240,
256, 480 and 512.

X Axis/Y axis Type Types of scales are specified in these frames. Select “Linear” or
“Logarithmic.”

Intercept The point where the X and Y axes cross is specified in this frame.

Select “Origin” or “Bottom Left.”

X Axis/Y Axis Grid Whether or not grid lines are to be added is specified. The check
mark shows that the grid lines are to be added.

Manual scales Whether the X and Y axis scales are to be set automatically or
manually is specified with these radio buttons. When “Auto” is
selected, the scale is to be automatically set to fit the data value.

X Axis Min The minimum value on the X axis scale is specified.
Y Axis Min The minimum value on the Y axis scale is specified.
X Axis Max The maximum value on the X axis scale is specified.
Y Axis Max The maximum value on the Y axis scale is specified.
X Axis Tic The tick mark interval on the X axis is specified.
Y Axis Tic The tick mark interval on the Y axis is specified.
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8.1 STORAGE

8.1.1

Instrument

When the instrument is not in use, put the provided glass bell-jar on the top of the SPM

base.

If the ambient humidity is very high, dehumidify the room or evacuate the system if the

optional vacuum evacuation system isinstalled.

Head units, scanners, cantilevers, specimen holders and similar parts must be stored in a

desiccator when they are not in use.

WARNING

When storing the instrument, avoid high humidity. There is a risk of
deterioration of insulation at the tunneling current detector unit and
scanner units, causing insufficient instrument performance or

electric shock.

8.1.2 Cantilever

CAUTION

irregular reflection of the laser beam may occur.

humidity.

Cantilevers must be stored in a desiccator when they are not in use.
If they are stored in high humidity, the cantilevers could bend and

Especially, a gold-coated Si;N, cantilever is prone to deteriorate with

8.1.3 Handling of the Instrument

TMPM42-2

When handling the instrument, be sure to wear Nylon gloves. Never handle with your
naked hands. Especially, when you observe a specimen under vacuum using the optional

Vacuum Evacuation System, take care so that hand grease does hot stick to the parts.

If hand grease stains the parts, wipe off the hand grease with ethanol-soaked lint-free

paper or cloth.

CAUTION

When handling the instrument, be sure to wear nylon gloves. Hand
grease may cause deterioration of the vacuum. Also, there is a risk of
deterioration of insulation at the tunneling current detector unit and

scanner unit, causing insufficient instrument performance or electric
shock.

8-1



8. MAINTENANCE

| CONTENTS

8.2 VIBRATION ISOLATOR

8.2.1 Compressor

The compressor should be inspected periodically and the filter should also be cleaned pe-

riodically.

* Dran:
Shut down the entire instrument and loosen the drain cock at least once a month. Do
not forget to tighten the cock after draining off the water.

* Filter cleaning:
At least once or twice a year, shut the entire instrument down, remove the air inlet us-
ing a screwdriver, take the filter out and either replace it with a new one, or wash and
dry the filter and remount it.

* Air filter:
When water collects in the glass container of the air filter, push up the pin at the bot-
tom of the container to drain the water off.

Air inlet -
Pressure
meter
Filter
B )
| .V,J_,_ Air filter
= =
P
Reservoir .
N
5- Drain cock
- y

TMPM42-2
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8.3 SPM HEAD

8.3.1

TMPM42-2

Laser Beam Focusing

WARNING

Be sure to turn OFF the power to the SPM CONTROL unit before
mounting or dismounting the scanner, specimen holder or head
unit. There is a risk of electric shock due to the high voltage applied
to the connector pins from the SPM CONTROL unit.

The laser beam has been adjusted in the factory before shipment so that it is focused on
the top edge of the cantilever. If, however, the beam becomes out of focus for some rea-
son, re-adjust the focus according to the following procedures:

Note: Due to such processes as scattering, the spot size of the illuminated laser beam

looks larger than itsreal size. If you fedl any abnormality with focusing, check the
cantilever setting position and angle again before carrying out the focus adjust-
ment.

. Mount a cantilever as usual and illuminate the laser beam on the tip of the

cantilever.

. Place a piece of white paper on the specimen stub and observe the shadow of

the cantilever projected on the white paper. The optional Optical Microscope
[TM-24011] may be useful for this observation.

. Loosen the locking screw of the focus adjusting screw using the provided

screw- driver.

CK;L Screwdriver

!
Focus adjusting —
screw ® O @

Laser beam position
adjusting knob

. Turn the focusing screw and the two beam position adjusting knobs through

one revolution in the same direction. Then, observe the shadow again.

. Adjust these three adjusting elements by turning them in the same direction,

so that the shadow of the cantilever becomes the smallest.

. Tighten the locking screw after adjustment.
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[Main point for focus adjustment — 1]
Observe the shadow of the cantilever projected on the specimen stub.

* When the laser beam is focused above the cantilever, the shadow of the cantilever ap-
pears on the specimen stub as shown in the figure below.

«—————Cantilever

<«—Shadow of the
cantilever

* When the laser beam is focused below the cantilever, the shadow of the cantilever ap-
pears on the specimen stub as shown below. While watching the shadow, adjust the
focus point and beam spot position so that the laser beam focuses just at the top of the
cantilever.

[Main point for focus adjustment — 2]

If it is difficult to observe the shadow of the cantilever on the specimen stub, carry out
the focus adjustment by removing the scanner and putting a piece of white paper on the
Specimen stage directly.
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8.3.2 Mirror Angle Adjustment

There are some cantilevers whose inclination may differ dlightly from that of other can-
tilevers, depending upon their production lot. If the detector photodiode can not be
aligned correctly, adjust the mirror angle according to the following procedure:

1. Mount a cantilever as usual and illuminate the cantilever with the laser beam.
2. Adjust the photodiode position adjusting knobs so that the photodiode is posi-
tioned at the center point.
Note: The total number of revolutions of the X-axis adjusting knob is 20 and that
of the Y-axis knob is 52. Therefore, the center position is at 10 (X-axis) and
26 (Y -axis) revolutions back from the fully rotated positions.

Y-axis (+)

X-axis (+):

X-axis adjusting knob

Y-axis adjusting knob

3. Loosen the mirror locking screw; then adjust the mirror angle so that the indi-
cation of “SUM” on the AFM amplifier unit becomes the maximum negative
value and the indication of “AFM” becomes + 0 V.

Mirror locking screw

@4, —Mirror rotation knob

4. Tighten the mirror locking screw to fix the mirror angle.
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8.4 OPTICAL MICROSCOPE (OPTION

8.4.1 Handling Optical Microscope

It is recommended that the optional optical microscope (TM-24011) be used to adjust the
laser-beam focusing position and perform the coarse approaching to the specimen sur-
face. Since parallax is different among individuas, the microscope must be adjusted so
asto comply with the parallax of the operator before it is used.

Eyepiece

Parallax adjusting knob

Zooming knob

Objective lens

Ring fiber illuminator

Focus adjusting knob

Adjust the microscope according to the following procedure.

1. Turn both the parallax adjusting knobs to O.

2. Set up the microscope as usual and observe the cantilever or tip with it.
Then, turn the zooming knob to the maximum magnification and adjust the focus
with the focus adjusting knob.

3. Turn the zooming knob to the minimum magnification.
However, do not turn the focus adjusting knab.

4. Observe the cantilever or tip while closing each eye in turn and adjust the fo-

cus by turning the parallax adjusting knob.

After this operation, usually the adjusted focus point does not change even if the zoom-
ing knob isturned. If the adjusted focus point still changes, however, try to repeat steps 2
to 4 above a couple of times.

8.4.2 Cleaning Lenses of Optical Microscope

The eye lenses and objective lens must be cleaned periodically once or twice a month.
Be careful not to attach hand grease to the lenses. For cleaning the lenses, wipe the
lenses gently with a piece of soft cloth with an alcohol + ether (70%+30%) solvent
soaked init.
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8.4.3 Exchanging Lamp

When the filament of the light-source lamp has burnt out, exchange it according to the
following procedure. Please ask our service man asto how the replacement lamps can be
procured.

1. Turn OFF the power to the instrument.
Wait for 30 minutes or longer after the lamp is turned off. Then, exchange the lamp.

WARNING

Exchange the lamp more than 30 minutes after it is turned off. Do not
touch the lamp immediately after it is turned off. If you do, you might
get burnt.

2. Remove the left-side panel of the basic unit using a hexagonal wrench.

WARNING

Be careful not to put your hand(s) under the surface plate. Your hand(s)
might be pinched.

3. Turn the turntable of the lamp exchange door to “OPEN” using a coin.
4. Remove the lamp exchange door.
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5. Throw the lever down, take out the lamp and remove it from the lamp socket.

6. Set up a new lamp in the lamp socket and insert it into the lamp holder.
Insert the lamp socket deeply into the lamp holder so that the lamp protuberance
getsinto the pit in the lamp holder.

Lamp
protuberance

Lamp valve

Dichroic mirror

Holder pit

7. Mount the lamp exchange door on the basic unit and turn the turntable to
“CLOSE" using a coin.
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9.1 POSITIONS OF PORTS

I
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" i 7 \ 0-ring (P12)

\ . Blank cover
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9.2 USER PORTS

[User port 1] 12
ki

é- j—

(6.5) 19 {6.5) <

o

Q

o

T

N

. @32

Lpi —=@TH—
10

)
[User port 2]
(6.5) 27 (6.5) 13
7
TN =
/ lﬁ N
! \
\
[=] o~ o ©0
\ 5| s §
\
\ / r
7 <
1.3
[Blank cover]
(11) 19.5 (10.5)
Q.5 (10) 7
= T
e ™
! A\
\
-
-
i ™ s
) / L
AN |/
= == 1
T_

22.4

TMPM42-2 9-2



9. APPENDIX
| CONTENTS

9.3 PIN CONNECTION

Heating cable terminal
B+ : Bias contact
B- : Bias opposite

contact
H+ :Pin 1
H-:Pin 2
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9.4 CANTILEVER

The cantilever is a consumable item. Select an appropriate cantilever according to the

measurement mode and purpose.

9. APPENDIX

CONTENTS

The following are the specifications for the cantilevers manufactured by ORY MPUS,
NANOPROBE and MDT. Please consult your local JEOL office for purchasing.

[OLYMPUS]
- [Thick Tip Spring |Resonance .
Lever |Length|Width ] Metal Tip | Number
Mode Model ness | Tipshape | length | constant |frequency |.. : :
shape | (um) | (um) (um) (um) (N/m) (kH2) film coat | diameter | of tips
AC mode | OMCL-AC120TS 1 Strap 120 | 30 4 |Tetrehedra | 10 57 300 Single- | <10 15
side
OMCL-AC120TN-1 Strap 120 | 30 4 | Tetrahedral | 10 57 300 None <10 15
OMCL-AC240TS 1 Strap 240 | 30 4 |Tetrahedral | 10 72 65 Single- | <10 15
side
Contact OMCL-TR400PS1 | Triangle | 100 | — | 0.4 | Pyramidal 29 0.09 40 Single- | <20 35
mode 200 0.02 13 side
OMCL-TR400PS-2 | Triangle | 100 | — | 0.4 | Pyramidd 29 0.09 40 Single- | <20 35
200 0.02 13 side
OMCL-TR80OPS-1 | Triangle | 100 | — | 0.8 | Pyramidal 29 0.68 86 Single- | <20 35
200 0.16 27 side
OMCL-TR80OPS-2 | Triangle | 100 | — | 0.8 | Pyramida 29 0.68 86 Single- | <20 35
200 0.16 27 side
OMCL-TR400PB-1 | Triangle | 100 | — | 0.4 | Pyramida 29 0.10 36 Double-| <20 35
200 0.025 11 side
OMCL-TR80OPB-1 | Triangle | 100 — | 0.8 | Pyramida 29 0.77 78 Double-| <20 35
200 0.18 25 side
FFM OMCL-RC800PS-1 Strap 100 | 20 | 0.8 | Pyramida 29 10.37,0.05 88 Single | <20 35
200 | 40 0.75,0.09 22 side
OMCL-RC800PB-1 Strap 100 20 | 0.8 | Pyramida 29 |0.37,0.05 88 Double- | <20 35
200 | 40 0.75,0.09 22 side

* The above specifications are nomina and are subject to change. The spring constant and resonance frequency were
determined by simulation.

TMPM42-2
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[NANOPROBE]
; : Reso- P
Thick . Spring Tip di-
Mode nlz\?rgte -ness \?/'?rf)h L(enrﬂgh constant frenc?lTecr?cy ameter
(um) H K (N/m) (kHz) (nm)
Contact mode CONT 1-3 | 23-28 | 450 0.2 13 15
Guaran-
teed
value
Contact mode CONTR | 1-3 | 23-28 | 450 0.2 13 15
AC mode NCH 3-5 | 23-38 125 42 330 15
(High freguency)
AC mode NCHR | 3-5 | 23-38 125 42 330 15
(High freguency)
AC mode NCL 6-8 | 30-45| 225 48 190 15
(Low frequency)
AC mode NCLR 6-8 | 30-45| 225 48 190 15
(Low frequency)

* Material is N-type silicon single-crystal. Resistivity is0.01t0 0.025 Q cm.

* The parts with “R” at the end of the name are aluminum-coated (on the pack side) items. The thickness of
the coated film is about 30 nm.

* Number of cantileversin one packageis 16, 50 or 385.

* The nomina value of thetip diameter is 10 nm.

; ; Reso- PR
Thick . Spring Tip di-
Part Width | Lenath nance
Mode -ness constant ameter
name (um) (um) (um) (N/m) fre(%i'ezr;cy (nm)
Magnet mode MFMR 2-4 | 20-35 225 2.8 75 15
(Before
bein
coated)
* Magnetic film: Co-Cr-Ta/Random/50 nm thickness
Thick- : Spring Resonance
Parts name ness \?/'?rf)h L?nr%h constant frequency
(um) H H (N/m) (kHz)
EFM sensor *1 2-4 20-35 225 28 75
SUPER SHARP sensor 3-5 23-38 125 42 330
SSS-NCH 4-6 30-35 225 15 130
SSS-SEIH *2
HIGH ASPECT 3-5 23-38 125 42 330
RATIO sensor *3
DIAMOND coat sensor *4 2-4 20-35 225 28 75

*1 Cr (1st layer) and Ptir5 (2nd layer) coated conductive sensor
*2 A sharp sensor with the tip radius of 2 nm (TYP)
*3 Suitable for the side measurement with the aspect ratio of 1:7 (TYP)
*4 A hard diamond-coated sensor with the resistivity of 0.1 to 0.2Q cm

TMPM42-2
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[MDT]

wose | Somecar | e
NSCS11 Non-contact 15 Nil
NSCH11 Non-contact 200 Nil
NSCF11 Non-contact 400 Nil
NSCS11/“Coating” | Non-contact 15 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
NSCH11/*Coating” | Non-contact 200 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
NSCF11/“Coating” | Non-contact 400 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni4
CSCs11 Contact 15 Nil
CSCH11 Contact 200 Nil
CSCF11 Contact 400 Nil
CSCS11/Si3N4 Contact 15 Si3N4
CSCH11/Si3N4 Contact 200 Si3N4
CSCF11/Si3N4 Contact 400 Si3N4
CSCS11/“Coating” | Contact 15 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
CSCH11/“Coating” | Contact 200 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
CSCF11/“Coating” | Contact 400 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
NSC21 Non-contact 15 Nil
NSCH21 Non-contact 200 Nil
NSCF21 Non-contact 400 Nil
NSC21/“Coating” Non-contact 15 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
NSCH21/“Coating” | Non-contact 200 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
NSCF21/“Coating” | Non-contact 400 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni4
Cscs21 Contact 15 Nil
CSCH21 Contact 200 Nil
CSCF21 Contact 400 Nil
CSCS21/ Si3N4 Contact 15 Si3N4
CSCH21/ Si3N4 Contact 200 Si3N4
CSCF21/ Si3N4 Contact 400 Si3N4
CSCS21/“Coating” | Contact 15 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
CSCH21/“Coating” | Contact 200 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
CSCF21/“Coating” | Contact 400 W2C,TiO, TiN,W,Cr,Au,Pt,Co,Ni
NSCS21 Non-contact 15 Nil
NSCH21 Non-contact 200 Nil
NSCF21 Non-contact 400 Nil
NSCS21/“Coating” | Contact 15 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
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Model | (o contact | of Tipe Coating

NSCH21/* Coating” | Contact 200 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
NSCF21/“Coating” | Contact 400 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni4
CSCSs12 Contact 15 Nil

CSCH12 Contact 200 Nil

CSCF12 Contact 400 Nil

CSCS12/“Coating” | Contact 15 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
CSCH12/“Coating” | Contact 200 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni
CSCF12/“Coating” | Contact 400 Si3N4,W2C,TiO,TiN,W,Cr,Au,Pt,Co,Ni4
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9.5 SOFTWARE RE-INSTALLATION

9.5.1 Setup Procedure

In this chapter, procedure for re-setup of the computer after an abnormal
computer stop is described.

9.5.1a A/D Board Installation onto the computer

1. Confirm that the jumper switches of the AD board (DT2827) are set in the
positions shown in the table below.
Note: Check the switch position for all switches.
2. Insert the A/D board into the 3rd slot from the front edge.
Fix the board at the rear top using an M3x12 bolt, a nut and a toothed lock washer.

Switch Position Switch Position Switch Position Switch Position
w1 ouT w1l ouT w21 IN W31 ouT
w2 IN w12 ouT w22 ouT W32 IN
W3 ouT w13 IN w23 IN W33 ouT
W4 IN W14 IN w24 ouT w34 IN
W5 ouT W15 IN w25 IN W35 ouT
W6 ouT W16 IN W26 ouT W36 ouT
w7 ouT w17 ouT w27 IN W37 ouT
w8 ouT w18 IN w28 ouT W38 ouT
w9 IN w19 IN W29 ouT W39 IN

W10 IN W20 ouT W30 ouT W40 IN

9.5.1b Connections of Peripheral Devices

€ Connect the display monitor, keyboard and mouse to the computer.
In this stage, any other peripheral devicesthan the above are not connected.

9.5.1c Setup of the Computer

After starting up Windows98, setup Windows98 and computer as follows:

® Setup of Windows98

1. Double click on the ‘Display’ icon in the ‘Control Panel’ window to open the
‘Display Properties’ window.
Set theitems asfollows:
‘Background’ tag

Wall paper: None
‘Screen Saver’ tag
Screen Saver: Text
Wait: 60 minutes
Setting
Position: Random
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Background color: Black

Text: JEOL Winspem System

Speed: Center

Font Text

Font: Times New Roman

Font style: Italic

Size 72

Color: (Default Setting)

Effects: (Default Setting)

Scripts: (Default Setting)
‘Setting’ tag

Color pallet: High Color (32 bit)

Desktop area: 1280x1024

Font Size: Large Fonts

2. After setting the above items, select ‘Apply’.
The ‘ Compatibility Warning’ window will be displayed.

3. Select ‘Restart the computer with the new setting’, and click on ‘OK’,
The computer will restart with the set conditions.

® Setup of hardware
 Setup of BIOS
Startup the BIOS setup utility, and check the CPU, memory and VRAM of the
computer. Set the sound controller to OFF. Because, the computer (DELL Optiplex
GX1) is equipped with an onboard sound controller, but this sound controller inter-
fereswith an A/D board (DT2827) in the system.

1. Restart the computer.

2. In the first displayed screen (DELL logo mark), depress the Ctrl+Alt+Enter (or
Ctrl+Alt+Delete) keys to startup the BIOS setup utility.

3. Check whether the CPU, memory and VRAM displayed on the bottom right of
the first page of the BIOS setup utility are the followings:

CPU: Pentium Processor 450 MHz
System Memory: 128 MB ECC SDRSAM
Video Memory: 8 MB SGRAM
4. Switchover ‘Sound’ in ‘Integrated Device’ on the second page from ‘On’ to
‘Off'.

5. Depress the ESC key to complete the setup utility.
Windows98 automatically starts up after completion of setup utility.

* Reservation of IRQ channel
When ingtalling other boards (SCSI board, etc.) than the A/D board, system inter-
ference between those boards and the A/D board may occurs. Inorder to avoid this
interference, the IRQ channel (system call channel for interrupt control for devices)
must be reserved for the A/D board.

1. Double click on the ‘System’ icon in the ‘Control Panel’ window of Windows98
to open the ‘System Properties’ window.

2. Select the ‘Device Manager’ tag in the ‘System Properties’ window; click on
the ‘Properties’ to open the ‘Computer Properties’ window.

3. Select the ‘Reserve Resources’ tag in the ‘Computer Properties’ window.
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Select the ‘Interrupt request (IRQ)’ checkbox; click on ‘Add’.

The ‘Edit Resource Setting’ window will open. Enter 10 in the ‘Value’ box and
clicj¥k on the ‘OK’ button (reservation of IRQ 10).

Click on ‘OK’. All windows will close.

9.5.1d Installation of DT2827 Related Software

Install the attached device driver (DT2821Device Driver for Microsoft Windows 3.1 and
Windows95) for Windows.

® |nstallation of device driver

1.

akr wbN

o

11.

COoA

Double click on the ‘Add New Hardware’ icon in the ‘Control Panel’ window to
display ‘Add New Hardware Wizard’; select ‘Next'.

Screen will change to ‘Plug & Play Device’; select ‘Next’ to continue.

Answer ‘No’ for the question ‘Do you want Windows to search for your new
hardware ?’; select ‘Next'.

Select ‘Other device’ for the kind of device; select ‘Next’.

A window listing hardware manufacturers and model names will be displayed.
Select ‘Have Disk'.

The ‘Install From Disk’ window will be displayed. Then, insert the CD-ROM
and select ‘Browse’.

The ‘Open’ window will be displayed. Set ‘Drive’ to f:CD-ROM drive.

Set ‘Folder’ to driver—>win95 and select ‘OK’.

Select ‘Install From Disk’ and ‘OK’.

After the model name ‘DT-Open Layers DT2821 Series’ is displayed, select
‘Next'.

Select ‘Done’ to install the driver.

When the installation has been completed, window ia automatically closed.

® Setting of device driver

1.

2.
3.

TMPM42-2

Double click on ‘Multimedia’ in ‘Control Panel’ to open the ‘Multimedia Proper-
ties’ window.

Select the ‘Advanced’ tag in the ‘Multimedia Properties’ window.

The multimedia device list will be displayed. Click on ‘Media Control Devices’;
then double click on ‘DT-Open Layers DT2821 Series Device Driver'.

. The ‘DT-Open Layers DT2821 Series Device Driver Properties’ window will be

displayed.
Check whether ‘Use this media control device' is selected in the ‘ General’ tag.
Select ‘Setting’.

. The “DT-Open Layers DT2821 Series Device Driver Properties” will be dis-

played. Select ‘New' and set the board.

. The ‘DT2821 Series Installation’ window will be displayed. Enter as the fol-

lowings:
Board Address: 0x240
Board Name: DT2827 (If DT2821 isdisplayed, change it to DT2827.)

Then select *Add’. A verification window will be displayed; select ‘Yes'.
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8. Set the items in the ‘DT-Open Layers DT2821 Series Device Driver Configu-
ration’ window as follows:

Board Name: DT2827
Genera Configuration

Model: DT2827
IRQ: 10
DMA Chl: 5

DMA Ch2: 6

A/D Configuration

Channdl: DI
Range: +/-10V
Output: twos Complement
D/A Configuration

DACL: +/-10V

9. After completion of setting, click on ‘Update’ to store the setting.

10. Click on ‘Close’ to end the device driver setting.

11. Return to ‘DT-Open Layers DT2821 Series Device Driver Properties’ window;
click on ‘OK’.

12. The screen informs that Windows must be restarted, but do not perform re-
start and install SDK successively.

13. Terminate the restart window by entering ‘OK’.

14. Terminate the ‘Multimedia Properties’ window by selecting ‘OK’.

@ Installation of the SDK file
Install the SDK file using the exclusive installer.

Open the ‘Sdk’ folder of the CD-ROM; then setup by double clicking ‘Setup’.
A verification window will be displayed; select ‘Continue’.

Select ‘Install’ staying in the standard setting.

After completion of installation, restart Windows according to message dis-
played.

ronPE

9.5.1e Installation of Winspm Software
After the above setting, install the Winspm Software.

® |nstallation of the Winspm software

1. First, change the file display setting so that the system file such as the dll file
can be displayed.
Select ‘Option’ in the ‘View’ menu of the ‘My Computer’ window.
The ‘Option’ window will be displayed. Select the ‘View’ tag.
Set ‘Hidden files of these types’ in the items of ‘Hidden files’ to ‘Show all files’.
Delete the check mark of ‘Hide MS-DOS file extensions for file types that are
registered’.
After completion of setting, click on ‘Apply’ to store the setting; and click on
‘OK’ to close the window.
Double click on (C:) in ‘My Computer’ to open the window.
Create a new folder in C: drive and name it ‘Winspm’.
Copy all contents in the ‘Executable’ folder in the CD-ROM to this directory
(Executing file).

o gblhwbd

© o~
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10. Also copy the contents in the ‘English’ folder to this folder (online help file).
11. Check the properties of all installed file, and if ‘Attribute’ and ‘Read-only’ are
checked, delete them.

® |nstallation of Winspm system file

1. Open the ‘Windows’ folder on the C: drive.

2. Since the contents of the folder is not displayed when ‘Windows’ was opened,
click on ‘View’ in the properties window to display them.

3. Copy the DLL file for the system in the ‘Dlls’ folder of the CD-ROM to the
‘System’ folder of ‘Windows'.

4. “Would you like to replace the existing file with this one ?’ is displayed.

5. Select ‘Yes to All'.

® Setup of Winspem software
Define the Winspm software as the startup file with the following procedure:

1. Click on the ‘Start’ button at the bottom left corner of the screen with the right
mouse button; then click on ‘Open’ to open the ‘Start Menu’ window.

2. Open the ‘Start Up’ folder in the ‘Program’ folder.

3. Open the ‘Winspm’ folder in which the Winspm software is installed.

4. Create a shortcut of ‘Winspm32.exe’ in Winspm in the ‘Start Up’ folder.

5. Modify the name of created shortcut file to ‘Winspm32’.

6. Single click on the ‘Winspm32’ icon with the right mouse button to open the
option menu: then select ‘Properties’ in the menu.

7. Select ‘Short Cut’ tag in displayed ‘Properties’ window; and enter the following

string in ‘Target’:
C:¥winspm¥WINSPM 32.EX E/F450/nofg/lineaverage
8. Click on ‘Apply’ to store the setting: then click on ‘OK’ to end.
Notes: 1. Three-digit numeric /Fxxx enters the CPU clock frequency.
2. /nofg means no frame memory.
3. /lineaverage means enabling the line average correction function of
measurement image.
9. Close all windows; then restart the computer.

As Winspm is defined as the startup file, Winspm is automatically started up when

restarting.

10. To startup the software, enter ‘Default’ in ‘User name’ in the ‘WINSPM Login’
window; then click on the ‘OK’ button without entering in ‘Password’.

Confirm that the software starts up without error.

Notes: 1. For the scanner calibration values, stage values, etc., enter values after
logging in to Winspm with default; then store the set values with ‘ Store
Configuration’.

2. For the next new user, this values become the default values.
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9.6 SCANNER SENSITIVITY

The scanner sensitivities are calibrated with the software. For later use, record the sensi-
tivities shown in the table below on your notebook.

Scannerl X=__ Vx*+___ Vx

[Standard] Y=__ Vy*+__Vy
Z=___ Vz

Scanner2 X=__ Vx+___ Vx

[ ] Y= Vy*+__ Vy
Z=___ _Vz

Scanner3 X=__ Vx*+___ Vx

[ ] Y= Vy*+__ Vy
Z=___ _Vz

Scanner4 X=__ Vx+___ Vx

[ ] Y= Vy*+__ Vy
Z=___ Vz

Scannerb

[ ] X=___ Vx*+___Vx
Y=___ Vy*+___Vy
Z=___Vz

Scanner6

[ ] X=___ Vx*+__ VX
Y=__ _Vy*+___Vy
Z=___Vz

[Coarse Stage]

The positions of the motor drive are also calibrated with the software. For later use, re-
cord the positions shown below.

Z In \% Out \ Range mm
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9.7 CABLE CONNECTION

9.7.1 Cable Connection between Basic Unit and Controller
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9.7.2 Cable Connection between Computer and Controller

SPM CONTROL (rear side)

00 &

5 ®

Magneto-optical disk

Keyboard
Mouse

Printer (option) é»

RGB converter (option)

<4

Co1@®@® 9

(option) O (T)
Computer
A/D board pC %
& To video deck
Video board DTSS S-VHS input
(option)
IN To video deck NT SC
SCSI (option) VTR-OD: output
—e |
]
Display
é Display

Note: Regarding the details of the cable connections for keyboard, mouse, printer and

display, refer to the instruction manual for the computer”.

" Cable connections on the computer rear side may be different according to the types of computers.
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9.8 TOOLS FOR MAINTENENCE

The following tools for maintenance are provided to the JSPM-4200.

Item Quantity

Tool box

Precise screwdriver set

L-type Allen wrench
Tweezers

Single-ended wrench
Open-ended adjustable wrench

Philips screwdriver

N T o T e = = T =

Flat-bladed screwdriver
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