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1. Parts of the System

SPM unit

Mirror adjustment knob

Laser adjustment

Detector knob (horizontal)

Clamp lever

g

Laser adjustment
knob (vertical)

)

i
3
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Y
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Cantilever holder
Scanner
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2. Table of Signals

Signal
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® | Lateral force (LFM) Option (0] (e} O
Force modulation Option o (o) O
Magnetic force (MFM). Option (0] (0] O o]
Surface potential (KFM) Option o'llro o
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3. Starting Up

Starting Up

0088000008000 00 0000000 esta0sootdeonesssoasneeronsosetnorisetiosorsnnncesenecrsessusosoenccssescsscssacsosnsose

Turn on the control unit power.
* The POWER lamp (green) lights up.

Control unit

)

READY lamp (orange)

‘m.
127
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e

Lightsup = POWER lamp (green)

/‘\

Power switch

&
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Turn on the monitor power.

Monitor ————

Power switch
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S

SPM-9600 Series Observation Guide 5




c--.---.--'-~~~.o.---ooo----.-.--.-on-..uoohc-o--~c.--oaq--satn.u-.q..oa...--aoo-c---~-.--..

3 Turn on the host computer power.

4 B.gl-l-l-)-i-e-;-c-ii;:.i(. ti;e.-é--P-M-gsoo shortcu{i;;;‘;:"""“"'"'"'"""“"""“'"'""

2 Double-click.
GPM-A50)
l The [Manager] window opens.

0 0 P e 0000000000 r00r0000000a00eronntersenesrencnseensenesesneessnanssss

Make sure that the READY lamp on the cont

Control unit

|
1

wer switch

[ele)
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3. Starting Up

LR
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Start the SPM online software.

A

S gy

The [SPM Online] window and [Scanning Con
window appear. .~ ok
i

R
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[SPM Online] window

Sl e o WA e

[Scanning Condition] window
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Start the SPM offline software.
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[SPM Offline] window




N T -

4. Exit

sevne

1 Exit the SPM offline software.

AT
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Select [Exit] from the [File)
menu.

If there is data to be saved, a message will appear.
Save the data as needed.
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2 Exit the SPM online software.

#SPM Online

@ Enter a value (the defaultivalte
is 100 pm). i

:Q:m If [Up and End] is clicked Wwithiaivaltiellessithansl00iimispaciiied
appear. oo

a—
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4. Exit

4 Turn off the m°nltorpower ......

Monitor .

o
38
.m‘_D‘

Power switch

€ -
A1 — 666660606060

(OO0 OO0

mMemecesanscsssnances

Turn off the control unit power. i
* The POWER lamp (green) and READY. lamp!(orange) j_:

turn off.

Control unit

|
_l _

Turn off

Power switch
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This chapter explains the procedure for scanmng (o

PO 19BJUO0D
Z 1aydeyn

contact mode

In contact mode, the surface of the sample is scanned
using feedback to keep the repulsrve force that acts‘ _
between the probe and sample constant '

© @ N O oA LN

Selecting the MOGE ..eeecrerrerevvissssssninssssssissssssesesss s et
Adjusting the OPHCAl AXIS ccoesressmssssssssssssssssssmsssessscsssrssseseeess AN 22
AUACING the SAMPIE.....vrmmmmsesssnsmssesssssmss s i
PAramMEter SEUINGS cuveev.. wrrrssusermsmssssessssarsssmssssesss st
SHArtiNG SCANMING 1eeuvvsrererserssrasersssassassssmsssssrasse st
AGIUSHING te IMAGE .vuvvrrremsesssssmssemssesssssmmstese s
SAVING tE IMAGE wervrersreresmsssmsmsssssssasasssssssssryree st

Ending Scannrng .......

10. Removing the SAmMPIe.......cccvmimsrssssesmsnsgrs s o '




displaying, processing, and analyzing
a scanned image are described in "Chapter 11 Image
Processing".

¥ ;,g{’g" ‘j
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~ Installing the Cantilever

Install the cantilever for contact

mode in the Cantilever
holder.
&———— Cantilever for >
< F contact mode
«

A
o
X

c

seccens ®eccsssecca

1 RemovetheAFMheadcover .................... N

AFM head cbver

2 Remove the cantilever holder.
While holding the AFM head down, grasp} cantilever
holder knob and pull straight out. : 1._;'

AEMIhead

—ICantileverholde

Zifh\::l;{ﬂj ‘”57‘%“[5’(:';é‘]"‘q{}“{ tion Gulde



e———

esseve
eeessessnnssenanvsesnensocne

3 Remove dust from the cantlleve
Use a blower to remove dust.

Blower

Cantilever holder

esssaneece’ soosnsscees

sesvosecs?®

Place the cantllever near the cantllever holder
Use pincers to temporarily place in the position shown

beiow.

Step 5 ("Install the cantilever in the cantilever holder.")
requires precise work. e cantilever

close to the cantilever

Be sure to place th
holder before starting-

Cantilever holder

Pincers

Cantilever

9 When installing the cantilever, be s e
, be sure to gr. i
Do not touch the cantilever. : grasp the sides of the base

Sides of base y-_
\\ ‘ Base

] =

Cantilever <‘: L e o2
%\ ~> Cantilever
b

= LI

ALt
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1. Installing the Cantilever

¢oo~--no~u--.-o.----ot.--

Install the cantilever in the cantilever holde

cantilever.

r.

g

Mx__" Use the pincers to install the
—_

—

in.’.‘r-':

—

—

=

Hold down the cantilever :

holder and press the
presser barup. . -

Pick up and install th
'iauntilever.

Presser bar

[BholoEIu0D -

AN\

S Insertialong t
\ /-/

Cantilever

NAL

As you relax the pressure
on the cantilever holder,
the cantilever will be
secured by the presser
bar.
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----------------------------------------------

Check if the cantllever is correcti;.l';\..s.t.;il.;a‘ ..... T

Check using the optical microscope

u T
uide |'| G Cantilever

||

L The cantilever is straight. The cantilever is skewed.

oooooooooooooooooo eeosssnsscsannoee

lnstall the cantilever holder

While holding down the AFM head, grasp the cantilever
holder knob and insert straight into the AFM head

AFM head

A‘llll {({{

Cantilever holder knob

e

HAan (iide




1. Installing the Cantilever

The cantilever for contact mode
long (2), short (1), and short (2)).
Follow the steps below to replace the cantilever.

has four probes (long (1),

1 Use canti'e.v“e"r.'I'c.)'r““g"i:l.).:"""” ................................................................

Long (1) —— Short(2)
. l =
-] J
o Short (1) = C—— Long (2)

While viewing long (1) through the optical microscope, break it off
with the pincers and use short (1).

( Break off long (1). Ja_
mse short (1J

VV

--------------------------------------------------------------------------------------------------
-----

3 Reinstall the cantilever in the cantilever holder and use |
the opposite side. .

(Use long (ZL}\ﬂ ,.rz"*\

----------------------------
--------------------------------------------
-----------------
-------

-3- cantilever long (1) and long (2) are easiest to hand| i —
Wit e. Unt |y g
P it is recommended that you only use cantilever long (1) arid)lc;zé)?g)me used l'o




2. Selecting the Mode

,,..--aotnoccou.....o.--c'-'utno--c-caao-..--.cn...,
Sesa,
Yoo

canner] window.

S R L LR R L N R R R LR
.
LTI
‘eq,

Open the [Mode and S

Select [Mode and Scanner]
from the [Setting] menu.

=<}
TR e

% tpm 4> 2
“MA—-,_":‘:? e

e TR A

s
w3 Boe 1 Contt e i Ao

The [Mode and Scanner] window opens.

!

74 Force Modulation
ks Phase

*|Lateral Force (LFM)

[/ |Surface Potential (KF 1)
{2 [Magnetic Force (MFI)
|

ZSie Fils Har:
80um 00006 F2 1
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2. gelecting the Mo

‘ooo-oo-oo-o'-onn.o-n~-o-o-

Select the mode

ees
ssec”
PPRERS
sseee
secase
csaese
-c-.ooc.-o.o-c--o..-noo¢o-ou-o¢nu-a.n.-uooc-o--oo""

and scanner.

Surlace Potential (KFM)
Magnetic Force (MFM)

@Select the scanner
you are using.

-5

OIJOBIN0QH

@Nm

i

R

S

Scanner .
(30 pm x 30 pm X 5.0 ym is shown

as an example.)

aprl | i [ Ca (]
2 ﬂ Koo ¥R B 1 - i n.-?:u' IE:‘_‘ we oo
—— . l 7 %
{Scanncr] and [Scope] (mode) appear.

The above screen shows the case of [Scanner: XY = 30C.0 pm
. Z=5.0 ym] and [Scope: Contact].
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3. Adjusting the Optical Axis

Adjustment of the cantilever (long) is explained as an

example.

While looking through the optical microscope (option), shine the laser beam onto the
cantilever. ¥ P23

B A SrahnS el

Direct th
¢ laser beam reflected off the cantilever onto the center of the detector. £ P.31




Axis

3. Adjusting the Optical

N\
If the optical microscope is equipped with M
aCCD Camera, an image can be displayed T
on the monitor of the host computer.
The following explanation assumes that the
image window of the CCD camera s being
used.
J

Sy

ssse
essecsssoe

Y IR R NN N RERENNE]

X RE R RN NE ]

sessssccns
!"°"""-~o-o~-~c.oo~.ou-o~-.--o.--otO----oo-..........o.-.-c----o-

.31Use fiber light to illuminate the inside of the AEM head.

asiioor

ke

ENO/

T
o
Ve

v:.i'_év'\dw

anw "
sesvvacccsnneca
ceosnsscesannsenons

sSesevesasccosansessan seccsssscena »

os

emsecscsnss

esewmnoes

----------

eecssnaces

'Open the [Signal Display] window.

Toolbar of the [SPM Online] window

&Iick the [Signal Display] button. ,

= The [Signal Display] window opens.

SPM-9600 o - .
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sesessonoece

oo
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CCD camera image.

oo----oo.c-oooo-nno.uu-ccou--oo.........
LN
EEEEN]

oo
poonve?®
eve @

Display the

Display the CCD camera image.

(See the manual for the software
OnINSPECX nyy,

You are using.)
— (( ? Sf(t’cf SO urce

2 ok

Ifthe CCD ¢g
focus of the o

Mmera image s
ptical microsc

out of focus, adjust the
ope.




3. A&justlng the Optical Axis

Laser adjustment
knob (horizontal)

Laser adjustment
knob (vertical)

10
=B
e
Q0
10
o
=
201
=
2O

Laser adjustment

knob (vertical)
Laser

beam —
[Relation of cantilever and laser beam 1 :
positions when viewed from directly =

Laser adjustment @ overhead in the opti i
ptical microscope]
knob (horizontal) ‘ = %

<]
= &

Laser beam

(1.,
-\P..Z. By directing the laser beam onto the base of the cantil . . : —
beam onto the cantilever. everfirst, it is easy to direct the laser |

1. Direct the laser beam onto the base. 2. Move the laser beam to the | '
e lever.

- Laser beam

SPM-38500 Series Observation Guide‘:
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5 Turn off the fiber light power.

i ]

St tadit P i .

e b

Turn off the power. l
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Piece of paper (white)

3. Adjusting the Optical Axis

7
A

(=)
o
=
-
g o
-
=-
+9*
N - 58
Q

¥

-------------- E
--------- ¢
-------------------------------------------------------------------------- esssecesssece

Place the paper in front of the detector.

Piece of paper (white)

Detector

The laser spot will
appear here.
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1
z

tion where the laser beam spot is brighte

Adjust to the posi

p=——
Movement of laser 1
beam (vertical) :
A I
: 1

l’ . - e . -I- -

%Z:::Z:::_

b Bl Ll A

A}
.,
-

[ ———

22 CDA.GALO o .

—_—

- “pot does not ch 2

el angc oo

paplr(?/.lmatew 14 turn, it IS possj
Case, repeat rough adj

5 cp
rowes ~EPLET 2 3.1 Roygy, Adjustment

Laser adjustmen
knob (vertical)

st and roundest on the paper,

No spot

Spot is distorted. o

Spot is bright and round.

Spot is distorted.

No spot




3. Adjusting the optical Axis

esoene
LYY
®seq
.

Adjust ho

Fizongally, """ s
adjustment knob (horj

g
B

\\‘*

= I W Laser adjustment
Q‘Q—\ L knob (horizontal)
e
Hl ’

\ ¥
(\
‘/

e\

1

) —y Y
V_J;
)
)
F‘

(2 s
/

{
S
U
\J

'{‘;Z
A"
(@S
A 7

-
)

D

$

Adj o, :
Justto the position where the laser beam spot is brightest and roundest on the paper.

Lo
=

1
21

1de

59noN

b )

Movement of laser
beam (horizontal) I

-~
e -] \
\_,l
Paal
ﬂ |}
4?' il
™ N
|
\_,’

111 | I

111 :

111 | K R

1 111 1 S ANER
e T L I ettt /N CAUTION]
1 I————————-I 1 l-————————i 1 e ,;_A
I I 1 1 | The spot appears,
I 1 0 I 1 however, never continue
: : : : work with the laser beam
1 1 Spot is bright and round. I 1 | hitting this position.
1 . Z : This may damage the -
l .
: - P : cantilever and sample.
1 1
i ot H

: Spot is distorted. Spot is distorted. I
l 2

f\’

Laser adjustment
N N knob (horizontal)
2 8pe Approx. 1/4 turn

oo OO0 O00OO0O0O0OS Do

) ) —
If the spot does not change as shown above when the laser adjustment knob is rotated - .

approximately 1/4 turn, it is possible that the laser beam is not hitting the cantilever. In
that case, repeat rough adjustment.
psy "Chapter 2 3.1 Rough Adjus’tment" P.23

Reference
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3. Adjusting the Optical Axis

Direct the laser €am re
center of the detector

adj e mirror cap be agj .
Justment knop, lusted with the mirror

Detector

Mirror adjustment knob y

* The position of the detector can be adjusted by turning
the detector adjustment knob (vertical).

Detector adjustment knob (vertical)

D—etector

Detc ~tor adjustment knob (hc rizontal)
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coo-.c--no--poob..-aooln--oonc-oo~'oo-oo--:oog--u-c..
Sevee
tee,
(XY

1 Adjustthemlrror with the mirror adjustment knop, =t

Vertical position of laser beam

position of
|]aser beam

The detector does
not detect the laser
beam.

Intensity of light

¢

®Adjust the mirror angle with -
; [ the mirror adjustment knob. # @cl

The detector has

detected the laser e
heam.




TR

-g)m-M If the laser beam is not dete

The detector ma

entering the light receiver.

. . b
cted even after adjustment with the mirror adjustment kno
Y be far out of position horizontally, preventing the laser beam

justing the Optlcal Axls

3.Ad

from

o

iy

1.Use the mirror adjustment knob to move the laser beam close to the outer frame of the

detector.

2.Turn the detector adjustment knob (horizontal) so that the laser beam hits the iridicat_ed_",_ =

part of the outer frame of the detector.

3. Use the mirror adjustment knob to move the laser beam onto the light receiver of the .

detector.

4.0nce the laser beam is detected, use the mirror adjustment knob and detector
adjustment knob (vertical) to adjust the vertical direction of the detector.

/] =

EA L
Ml e 7

Detector

)

db

¥
3

e B
E’»")a A

Laser beam

=

Light
receiverJ .

\/l,—;_;.




2 Adjustbyturnmg the detector adjustment knop, =~

Turn the detector adjustment knob (vertical) to perform ol
fine adjustment of the [V] value.

enose
o.t.l.‘...ll.lll.
®eas
.

Detector adjustment knob (vertical)

L A
\/,//’




4. Attaching the Sample

l'. AttaChlng the Sample

] Affix ii;'e";;;l-ﬁ; ...... Stretiiiaa., B T T T T X PP soccssseeanss Veeesssseasasnenneeenttlt

Maximum size
of sample

A
e Two

-sided tape

e——— Sample holder

2 Make sure there is sufﬁmentclearancebetween the .sample table_
and the cantilever.

Verify that the sample fits into the gap between the
sample table and the cantilever.

Allow sufficient ! z
clearance ¥ F' T
ﬂ L

=N manill<=

clearance between the sample table and the cantilever.

— .
I Allow sufficient
IA CAUTION Otherwise, the cantilever may be damaged.

Insufficient 1 L m
clearance | ;“—“—‘M l

gﬂ/ = = inananll] e

: - —

e J
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~

—

Make sure that the @
cantilever is sufficientyy
clear of the sample
table.

\gN by

Click the [Stop] button.

J

% The cantilever stops rising.




.....
LY
saq
®se
.
ses
caq
sSas
cey
“es
cas
ces
......
-------------
---------------
--------------------------------------

Push the clamp levers to the |
|
\

rear to release the lock.

« While doing so, take care
not to touch the detector

adjustment knob.

N/

W @
N2 Lift th.e AFM head slightly and
= Q slide it to the rear. :

------------------
.................
-------------------------------------------------------------------------
as

e

Insert the sample holder.

Use pincers to place the sample holder in the scanner.
Sample holder

Scanner

Pincers
SPM-9600 Series Observation Guide




Lift the AFM heqg .;f

slide it fOl’Ward' sllghtlya
nOF to touCh the dee Care
adjustment knob Sctor

=

|
I

Pull the clamp levers forwama

to lock the head.

Check the signal display.

If the value of [V] in the [Signal Display] window differs
greatly from O, readjust the value of [V].

Detector adjustment knob (vertical)




e
4. Attaching the samp!

.
.........
.
------
........

Seas
..........
--------------------------------------------

AFM head cover

This completes the placement of the sample.
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pPara

Setthe paramet

ers in the [S

meter Settings

canning Condition] window.

S U

. Ton v 20

1 Size The area of the sample surface scanned by the probe (field of
vision), indicated as lengths along the X and Y axes. ‘A
2 | Rate The scanning speed for one line expressed as a frequency. Wﬁérj_"
one line is scanned (back and forth) in one second, the rate is 1 H
3 | Data- Specify the number of pixels of data that is acquired. 256";
4 ‘Z range By restricting the dynamic range of the Z feedback signal of the
scanner, the feedback resolution is increased. :
*1: Feedback from the entire Z range of the scanner is possibl
*2: Feedback is possible over only half the range, but the
feedback resolution is doubled.
When scanning a relatively flat sample, increasing this sensmwty
|e{nables scanning at a higher resolution.
'l
v;ﬁlglflal bits start appearing in the vertical direction of the b
y velorm when the [Height] signal is monitored in the osculloscOP
Pt MR lSplay- Increase the Z range. "”i
v | Operating " ey e
Point 11!: force that acts on the « ample and probe. In contact mode,
‘Gﬁp\\ larger this value is, the larger the pressing forcc
_ BLiveidesiahlad c.
Gro.portlonal Indlcates the proportional qain wi 3
ain A e ai nal gain with respect to the control signal.
. e T |argeeLSJI$2I|? :1owever. oscillation will occur if the:
g\ does not ocour is sat ‘) ne largest value at which oscillation -



5 Paramolor Soltlngs

7 [t ﬁ"*dd’&'
'Recommencet,
| vaiue atstart ©*

,?'a,;‘fyéang!ng ¥ |
M\ = el Y S g el

1ALE8 Y]

; PR e N o T
* Parameter |

LB RS T

e L AL o 4 HEGYTE: L,J‘.—ﬂ_z—'}o” o |
tegral Sl AT St .
Integral Gain | Indicates the integral gain with respect to the control signal. A large 500 to 120 &

val
ue is desirable, however, oscillation will occur If the value s t0©

::rs?et. Usually the largest value at which oscillation does not occur
et. |
R

Constant Forge

;c;a:;mng Select whet.her or not feedback control Is applied to scanning.
Constant Force :Feedback is applied, and the sample surface
shape is output in the height signal.
Constant Height :Feedback is not applied and the current height

E P is held. The sample surface shape Is_output in '
E /._J A the deflection signal. ! | s
3 The rate and integral gain at the start of scanning vary depending on the
e size.
E conditions below and adjust as you scan.
: R T [ s e o) e
G ?&?E‘""( : %@»;;MR?&,&?@:“»&% "g!:,.,;-,s:sﬁ:? int
1to 5 um 1Hz j
5 to A0 ML S 1100.8Hz' :
10 to 20 pm 08to0.6Hz | VMY
201030 pm | 08to04Hz 2l

| - o e 2
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6. Starting Scanning

tsesea,
®tesscosnsssea
eeescee

sevecscsssvecsane
.o

sasee

Tessee

vessoe

svssene

1 Bring the cantilever close to the sample g

.o-‘....‘.

urfaCe. ..'.“‘n‘\\\

o S e
A
e TNAY Ay

The cantj
moves tg
10 pm fro




Ing
0. starting scan”

Check the signal display

" th? value of [V]in the [Signal Display] wi

outside the range -0.1 to 0.1, adjust once nd(|)w Is
: again.

Detector adjustment knob (vertical)

Adjust [V]to
a value from
-0.1 to 0.1.

d from O, itis possible that static

QM If fast approach ends with a value of [V] that has deviate
n this case, the cantilever may

electricity on the sample surface affected the cantilever. |

not have come in close proximity to the sample surface.
h. (_Bd { (‘(ﬁ/( 10V_se 1 up |

Readjust the value of [V] to-0.1 to 0.1 and then repeat fast approac
1ftwn
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3 Set the signals.

Select [Height], which is sample surface height
ction], which is feedback error

information, and [Defle
information.

Select [Height]. pzmemse=s
[(setctineion, ==




4 Start scanning.
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The signal of
the area being
Scanned appears.
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7. Adjusting the Im29

S

- Adjusting the Image

sesssrerttLte et ay,,
LR
LY

( Iopen the [Oscillosc

eeoe”
asee”
“... ....'..
. o
‘lln.ctuacltvcloouncoaon---onlnul"‘""".-"....‘

ope] window.

Select the
[Oscilloscope]
checkboxX.
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2 Adjust the [Z Range] and image contrast.

{
cesevsssevnsce
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Adjust the [Z Range].

In this example, 1000 nm
Is changed to 40 nm.

The Z rangc is narrowed and
protrusions @rc shown clearly.

Good contrast is
shown.
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3 Set the sig
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sesn
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nal type and the display conditiong -

| Parameter. PRt e
1 | Signal The signals that can be selected in each mode are indicated in the
separate table.
[ "Chapter 1 2. Table of Signals" P.4
Reference
[ B St o
2 | View : Sel'eét-th'e imag‘e,display method.
3 | Direction Select the scanning direction of the signal displayed in the image. Tra(':é
Trace :The cantilever scans from left to right in the screen (the
red line in the oscilloscope display).
Retrace :The cantilever scans from right to left in the screen (the
blue line in the oscilloscope display). i
4 | ZRange Set the display range in the Z display direction.
The display range is equivalent to the image contrast.’
! Display range :1nmto 20 ym
l Voltage display range : 0.001Vto20V
pm, nm, or V (voltage) can be selected for the units.
5 | Tilt Select the tilt correction.
Correction XY :Tiltis corrected in the X and Y directions.
Y  :Tiltis corrected in the Y direction.
] None :Tilt is not corrected.
6 Color Group Select the scanning screen color group.
‘ ot R
7 Color Selec! tlie scanning screen color.




7. AdE
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PRE A

o..';-‘toilIot...-t0luolotQ'll00..00.0!‘.!0‘00!0:0.-.- . ......ut-l----...‘....,..- . at
sossescesnever® ce Iine) so h

A A Adjustt i :
4 Adju h‘: "ef’ line (trace line) and blue line (retrd
they overlap in the oscilloscope display.
g3 "Chapter 10 Changing Trace/Retrace Based on Scanning Conditions” p.191 =

Reference

Adjust the [Operating Point],

4
; % [Proportional Gain], and [Integral
.,. ! Gain].
f;i | IIII*SJ:” "Chapter 2 5. Parameter Settings"
] P.40
&
|
'*‘ 7 Before changing the [Proportional
g Gain] or [Integral Gain], use the

[10 pm Up] button to raise the
cantilever off the sample.
After making the change, execute

slow approach and scan. 5 - :

Left Oscillos:
Janmsy

'
Trace {
|
/_,-——4,
Make the red line (trace line) and
blue line (retrace line) overlap.
‘ - If the red line (trace line) and blue line (retrace line) cannot be made to overlap, cantilever
‘ wear, static electricity on the sample, tilted sample, and dirt on the sample surface are
| X possible reasons. Remove the static electricity, clean the sample, and readjust.
E TR ]
| See 2 m .
— 1 f um: _um
1 { ENO/ ! Rate ] 3=
T | I‘ - )“}:5
— - - A 2 = : A3
- If dic'i2! bits appear in the mm |2 R Mdaciz] ] 853 n=
“ oscil -=cope display, increase ic [Z [;o;t == =) e _T
{ Aanral v | Pr on T R 3
i 36.1: ) value. :C:S\(" ! = aae ¢ X Offset E.—‘-—— 3
i ﬁ ';‘CflgpterZ 5. parameter Scttings” :htz'val Gin =0 T
| s Bt moee SO Ie
! gecslEpes ) 1 FAa0 2 Ot
| S S Y 3¢
! B S ﬁl

| |
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8. Saving the Image

R N R P,
R R R treese,
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Araseae

I Save the image.

Sea.,
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.
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0
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.
0
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L

Toolbar of the [SPM Online] windoy 7

“File®) * Levei(l)  Settine()  Zog

m@ 'F'drin(‘_r) 1

Othet
@ ZaA]]

The [Save Images] Window Open
S.

£ Entering the oo
Conditions, a,




g scanning

’ Endlng SCannlng 9. Endin

eoen
Seeetrteseana,
teen
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) Move the Gantiever sy

The cantilever rises
and moves away from
the sample surface.

Other) '

{2 5PM Onling)
TFile(E) 5 Leverd)

KAl
l/ N

“' {
When the canlilever is sufficiently
far from the sample, click the [Stop]

button.
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— (N
.'\.—'

SPM-9500 Series Obsarvation Cuide 4@




ey
o:{_.\‘

.............................
--------------------------------------------------------------
.

Push the clamp levers t, the®
rear to release the lock,

* While doing so, take
not to touch the dete
adjustment knob,

w -
; l l Lift the AFM head slightly®

Care
Ctor

and slide it to the rear, J

----------------------------------------------------------------

'Remove the sample holder.

Use pincers to remove the sample holder from the
scanner.

Sample holder

Pincers



| o T2V
N
10, Ramoving tho samplo ||

* e

'-.....0.-00--~-¢-0....“..... ‘I ]

3 slide the AFM head fopya v

Lift the AFM head slightly and : [

slide It forward.

* While doing so, take care w
not to touch the detector
adjustment knob.

TN

Japoiaeuag}

KA

l

|

|

< Pull the clamp levers forward: \
'- / / to'lock the head. J |
: r

|

. | |

P i

---------------------------------------------------------------------------------------------------------------------

Attach the AFM head cover.

7
\

AFM head cover -




This chapter explains the procedure for scanmng |n
dynamic mode. S : e
Indynamic mode, the cantllever is made to vnbrate near

the resonance frequency. When the tip of the cantllever '

is brought near the sample in this state, the amplitude
changes. Making use of this phenomenon, the system
operates to keep the amplitude constant, allowing =~

dsplacements in the height direction of the sample to be
ecquired.

.

" Installing the Ca D A LIl 55
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- low of Dynamic Mode Scanning

fiow of scanning in dynamic mode is indicated below.
ow O _ .
m napter explains steps that are particular to dynamic
Th‘:,c F::r sleps common to all modes, see the indicated
mooe 4

ages and chapters.
:’hn procedures for displaying, processing, and analyzing
a q‘mnned image are described in "Chapter 11 Image

Processing’.

S R L .,ph‘ k“‘ 7 vv\ \-v‘k,}_‘s:a
Li.e"er une Settmg IS p. )‘4;;’

ool afrmecy S SR

Adjusting t}¢ Image 1% “Chap! : @
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\er 2 £ AdeStlng the "“age“E N

‘ Saving the In -(\ &’ Sl
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(\\“ P48
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lnstalllng the Cant'l 1.InstalllnglhoCnnl"‘V‘"
lever for dyn r
the cantl ynamic mog
5[3" e in the Cantllgygr
nO'der
N—— Cantllever for
oo dynamic mode
[
1 Remove the AFM head cover.."'..‘....‘..'..‘.'"¢¢0l.l)00ccccl'l"'llo'-tvhcivvdalvol'ioo
AFM head cover
) Remove the cantilever holder. : e

* While holding the AFM head down, grasp the cantilever
holder knob and pull straight out.

o————— AFM head

,ﬂ)

Cantilever holder knob
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.
L XR)
sennnene

Remove dust .f.rom the cantilever holder.

Use a blower to remove dust.

Blower ——2

Cantilever holder ———2

.
f, Place the cantilever near the cantilever holder, =~ e
G Use pincers to temporarily place in the position shown
" below.
il Step 5 ("Install the cantilever in the cantilever holder.")
x H requires precise work. Be sure to place the cantilever
»ir' close to the cantilever holder before starting.
1

1
0

.,l

‘ Pincers B \\
I
' Cantileyer \cg

/",

125 When installing l!;(:%\ Ny

nlilever, b i .
{11 O not touch . Cantilever, Cedrete J7asp the sides of the
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1. Installing

esseeseessstsssine,

.-0"'. ML L LTI
.
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’

.

¢all the cantilever in the

Cantilever
he pincers to install the cantilever, noider,

s

Hold down the
holder and press
presser bar up-

the

.
L
oo
Ceos sov?
lt'.nao.lold.'nonvoolvlli't'uclon!""'.‘.'.

oanﬁle\’er

antileve’

@

As

on th cantilever holdar,
the centisverwillbe

‘2u relax the pressure

&2 by the presser
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C.heck if the cantilever is co

Check using the optical microscope.

Guide

Cantilever
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A , The cantileveris rdig
cantilever is straight. The cantilever is skewed Up.on the guido Sy
lnstall the cantilever hgl’.d.‘e.':..'.... .o-.oo-oo.oocnﬁn.oo ...... ....o...l‘."...:

While holdin

g down the AR

hold . head, grasp th .

erknob and ingert straight into the ApFMehcar;tllever
ead.




2. Selecting th? Mode

‘“'p.en the [MOde and Scanner]‘.&.i‘r.l'd';'a'...."""-"---o-...,,,.,,,,...,,,...------"

—

<t [Mode and Scanner]
[Setting] menu.

V -
¥ |Lateral Foree QFK :
* |Surface Potential GFM) =

‘| Maznetic Force (MFI0 : E.

.

il it Vo

o S o ML SR W o Ny
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e 80900000000 000000008P00000000000000000000s0

Select the mode and scanner.

tea,
*ey
Se
..“‘
.
S
.
.
[}
)
.
]

Modc and Scanner il ’ ' "‘%
® e PR R e i
I’ D e | a‘
|Select[Dynamic]. P—;&ﬂ o ;
4] Force Modulation

k4| Phase

% |Lateral Force (LFM) i
2|Surface Potential (KFM)

“|Maenetic Force (MFM) !
5

@

Select the scanner
Yyou are using.

Ny

Click joky. @)

I B0 pm x 3
0 um x5.0 um s shun.

b
A S

AR AR P nn n¥ e g R p Ry
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ng through the optical Microscopg
1 P.62

' Iooki optj J |
g (op Ion), shine the laser beam onto the

5 !

f

E S - B2,

g. pirect the laser beam reflected off the cantilever onto the center of the detector, EZ.P.70

r . ¥
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3.1 Rough Adjustment

While looking through the optical microscope (option),
shine the laser beam onto the cantilever.

~

p If the optical microscope is equipped with
" a CCD camera, an image can be displayed
on the monitor of the host computer.
The following explanation assumes that the
image window of the CCD camera is being

used.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 Open the [Signal Display] window. ¢

Toolbar of the [SPM Online] window

{Za5PM Online .. 7

D Other @)

{/File(®) "/ Lever() 7 Sett ] rormily b
TS (T TR

rélli;ck the [Signal Display] butto |

\r\ The [Signal Display] window open

072 FB | -0.71]

62 SPM-9600 Series Obscrvation Guide
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3. Adjusting the Optical Axt

..",the CCD camera |mage ML Tk 7 T YT SR ——

Toolbar of the [SPM Onling] wundow

—

Click the [Optical Microscope Image] buttor- l

Display the CCD camera image.

(See the manual for the software you are using.)
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-------------
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Shine the laser onto the cantilever.
Turn the laser adjustment knobs (horizontal and vertical)
to direct the laser beam onto the cantilever.

Laser adjustment
knobs (horizontal)

Laser adjustment
knobs (vertical)

Laser adjustment
knobs (vertical)
Laser beam -
I [ [Relation of cantilever and laser beam
positions when viewed from directly

Laser adjustment @ g overhead in the optical microscope]
- knobs (horizontal)

r sy
{? By directing the laser heam o o :
ot onto the b averfirstiitiseas
My o, ase of the cantilever firstRiisieas

1. Direct the laser beam onto the basc. 2f Md_ thailas
Base ol

9600 Series Obearyati o~ .



3. AdJusting the Opllcél Axis

A
{
,,.-on00ﬁ5-01000|¢co..
eecsoevee
[(EEE RN RN
cee
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sssecvsssenncosssssssons
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§' 5 Turn off the fiber light power.

Turn off the power.

eqaa

(8PON ojweula:
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3.9 Fine Adjustment

Perform fine adjustment S0 that the laser beam hits the

tip of the cantilever.

-----------------------
-----------------------------------------------------

............
cay

e
..
A
"
.
[
(0
.
[
0
\
0
{

{

Prepare a piece of paper.
Prepare a piece of white paper that is approximately

15 mmx80 mm in size.

Approx.80 mm

|

Piece of paper (white)

---------------------------------------------------------------------------------------------
--------
......

2 Place the paper in front of the detector.

Detector

Piece of paper (white)




3
Adjusting the Optical Axis

ssovsoceecnas
XK
“eccccnnss
sans .
L X Y
tese
seq

Adjust vertically.

Turn the laser adj
eer boam adjustment knob (vertical) t
in the vertical direction 0 move the

“es00000,

l knob (vertical)

dest on the paper-

Adjust to the position where the laser beam spot is brightest and roun
0=
‘ <
. =
/_______. o
£
(¢ 2
(-—- No spot §
ovement of 1aser 1 // =
beam (vertical) : , =
1 /
1 gpot is distorted-
, 4 pot — A

Laser adjustment
knob (vertical)
_ Approx. 1/4 tum

Spot is bright;iapdun. ;
‘ i ‘.f‘ :’I

I Spot
|
1
1
1
I‘ No spo!
) : — e ar adjustment B¢
chown above w_h_qn U”,, djust
. o ea siple that the laser PEE = not hitting the ¢




4 Kc'i.j.l].s.tul:orizontally.

Turn the laser adjustment knob (horizontal) to move the
laser beam in the horizontal direction.

.......

Laser adjustment
knob (horizonta\)

Adjust to the position where the laser beam spot is brightest and roundest on the paper.

Movement of laser
beam (horizontal)

>

5. A} T 4 ~ " T
1 111
1 (R
1 111
1 111 1 LT
1 - e ]| l
‘ | 1| The spot appears,
| ; @ l| however, never continué
II : 1| work with the la§er beam
1 1 Spot is bright and round. 1| hitiing this postion
l 1| This may damage the :
‘l \ @ ) i cantilever and sa ple.
1
ll Spot is distorted.
Laser adjustment
No spot knob (horizontal)

Approx. 1/4 turn

oo Cooocoooooooomo

i

If the spot does nol cliange as shown above when tﬁé’ seradjustmentKic
approximately 1/4 turn, it is possible that the laser bea is‘notinithing
that case, repeat rough adjustment. ’

% "Chapter 3 31 Rough Adjustment" P.¢2
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5 Remove the piece of 5;5;;........................
When the laser beam Shingg

N the copy
on the cantilever, remoy i

Position
© Piece of Paper thq was
placed in front of the detector.
Position of laser beam
Shape of laser bsam Spot

) Detector
Piece of paper (white)




3.3 Adjusting the Detector Position

Direct the laser beam reflected off the cantilever onto the
center of the detector.

+ The angle of the mirror can be adjusted with the mirror
adjustment knob.

Mirror adjustment knob

* The position of the detector can be adjusted by turning
the detector adjustment knob (vertical).

Detector adjustment knob (vertical)

Detector adjustment knol, (horizontal)

Detector

Detector,



- ., 3.Ad]u|tlngll'uOpucm‘Ax
] Adiust the mirray i
: m||-|- : ..................

Or With the mirroy e,

Vertical Position of |ager beam

~position of laser R
P : Slcnal Display e . _—

-+beam

The detector does

: ; !
ot detect the laser 5 _ X
"ﬁeam. e, et T
- G

Intensity of light

Adjust the mirror angle with
l the mirror adjustment knob.

vertical position of the laser beam and the

; The detector detects the laser beam. The
intensity of the light are displayed.

»,

The detector has

EdEtected the las¢’ o
| beam. \ EE 4




FQ, If the laser beam is not detected even after a

The detector may be far out of
entering the light receiver.

djustment with th

'€ € Mirror aq
position horizontally,

juStme
preventing the |aggr kg

beam frOm

m
|

Laser beam receiver
1.Use the mirror adjustment knob to move

the laser beam close to the outer fr
a
detector. Toerhs

2.Turn the detector adjustment knob (horizontal)

so that the laser beam hits the indicated
part of the outer frame of the detector.

oy or

TR o ¢ VS T o P

3.Use the mirror adjustment knob to move the laser beam c ntoithellightireceiver of the

detector.

4.0nce the laser beam is detected, use the mirror adju'é‘il ul t knob'and detector
adjustment knob (vertical) to adjust the vertical direction ofithe'detector

f > A ¢
E’;‘} BIENg
|
i
[

b [

R
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Ad|usting the Optical Axls

gescevescccce
senns
[ EA RN
*veee
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Sevvee
XXX E)
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0600000040000
te00es
Csevoee
e0ssee
eescencs
veseasnne
vesscense
.

Adjust by turni
ur
Turn the detector dr."ng the detector adjust
bl adjustment knob (verti justment knob
ine adjustment of the [V] value ical) to perform ‘

D .
etector adjustment knob (vertical)

=

Adjust [V]to 3 value
from -0.1 t0 0.1.

he above steps, the light reflected from the
enter of the detector.

By means of t
djusted t0 enter the C

cantilever isa
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| ever Tune Settings

Lever Tune is used to set the operating frequency and

operating point.

)
ol

Auto Tune automatically sets the operating frequency and operating point. £% P.77

Manual adjustments can be made to make the conditions more suitable. I P.79

e

I

¥, St ¢
S R r 'd;%;.a '$~t FAt8s1A

properties of the sample. IZ P82

be changed to match the

de of the cantilever can

The amplitu

e

o

. Operating frequency
resonance frequency). The resonance

general, a frequency a little lower (where
s the operating frequency.

bration frequency (
Lever Tune. In
f the curve is seta

Cantilevers each have their own particular vi
y the peak of the curve in

i frequency is indicated b
J\‘,UJ the slope is steep) than the frequency at the peak o

AN

sy i

\_Operating frequency
“(red vertical axis) — = .
Peak _____,_——————-—‘J'A 3___,_.———————-’

= 1\ B =
q M}

<= o y \

Cad o e .
/ =
7 s

; 3 3

« Operating point
The operating point is

to the optimum value that enables s

the magnitude of the force dete

table scanning.

cted by the cantilever. The op.

[ T T
Operating point (red e
horizontal axis) T
A
.,;“ T — ;;
= i‘ =
a

erating Wi"tﬁsd
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4. Lavor Tune Sottings

Lever Tune Window

frequency sweep is performed over the specified
geto detect the resonance peak, and the operating
frequency and operating point are automatically set.

;,
3
r
;;
1

PR i i N N L L L LR

’ Open the [Lever Tune] window.

Select [Lever Tune] from the [Setting) menu, or click the Lever Tune

button ( @ ) on the toolbar.

afweusd)

e deydeyai]

i

7opoi

T 1:;5 _Q

J




- @ Explanation of the [Lever Tune] window

The vertical axis of the Lever Tune wind?w indicatet: a
value proportional to the cantilever amphtudg. and the
horizontal axis indicates the frequency at which the
éantilever is made to vibrate.

Operating frequency (red vertical axis)

Lo VR

Al 0 e

it

5

76 SPMm-

Operating point (red horizontal axis)

\_\\

e
Auto Tune

.\'\
Operating
Frequency

Operating Point

Drive Gain

Display Ran e
e Py Reng

9600 Series Obser.vation Guide

Nv\\‘_’_

The range of the vertical axis of the
san = i

This sweeps the set frequency range to automatically set the operating frequency
and operating point.

The frequency at which the cantilever is rﬁadé'}té vi

The force that acts on the sample and probe ¢

This Specifies the magnitude of the ca

ntilever amplitu

graph



4. Laver Tune Sottings

4200000000 P0N0NONIOIIIINIIOIIININOISTS

.

lbo.‘ttlooolcoltltl‘l..liloctlioalottc-ll.ll.aoulcﬁ“u' . Y
sossNEEbro0snsisay

specify the frequency range.

The resonance frequency of the cantilever varies by
cantilever type. Determine the resonance frequency of
the installed cantilever and then specify the Auto Tune

range.

The table below shows resonance frequencies and Auto
Tune ranges for standard cantilevers.

70 kHz 1 to 100 kHz
sk e e o ke S
300 kHz 1 to 500 kHz ,

S




esessscsIBsecNR RO ROOEORRROTOE NN

2 Start Auto Tune.

..oact----nnlt‘onocnnon--aco-Qlltonc-c-cctu.!oooc-l...
Ses,
ces
L
*e
‘e
S
.
.
.
.

AT A T g

RURBOW YK

The operating frequency and operating point are
automatically set.

e 2 6, L e ey e ol S S

T i 218 241 ponga R AL LR 12 l"l‘\“l ”A
. AL es B ), lt 0 AN e 3.8 3% 8 u T
A 5 i N'-p‘ Hzm
- - .o Arb E L AV Ty i

9 If thic waveform does not aippear, it is possible that the o
adjusted or the vibration ic not being properly transmitte
procedure from cantilever installation,
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4, Laver Tuna attings

) Lever Tune Fine Adjustment
gcanning IS P
{ oucan manuall

operating point to

ossible after Auto Tune; however, if needed
y fine tune the operating frequency and
make the conditions more suitable.

-oa---cn.:'vo-u:uu--.a

.".""".'00‘Ollo.!l..olal!!'o!"l.llll.ocllol..o-l!olnllnlolcuocooolocovll!

he operating frequency-
ue of the operating frequency to move
o that the intersection between the red
rating frequency) and the waveform is
ft of the peak at a point where the

..nuoo-ooo

» 1 Adjust t

Changeé the val
the waveform s
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4, Lovor Tuno Botlings

r Tune Fine Adjustment

ning is possible after Auto Tune; however, if needed
n manually fine tune the operating frequency and
point to make the conditions more suitable.
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Adjust the operating point.
Adijust the operating point to about half the height of the ‘
waveform.
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4, Lever Tune Settlng’S
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Close Lever Tune

Lever Tune
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saved, and the [Lever Tune]

s with the current operating point and

A
.\a
ek

The current conditions are

window closé
. operating frequ

ency reflected in the scanning conditions.
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| ever Tune Parameters

Lantilever can be changed as
I

\roperties of the sample. The
g the amplitude is explained

oredsin

.p: When the effects of static electricity interfere with scanning, increase the amplitude of
“! cantilever. When scanning a sample with a hard surface (ITO film, DLC film, etc.) decrgae
) .

the amplitude of the cantilever. (This prevents wear on the cantilever.)
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Increase the amplitude of the waveform.
Enter approximately twice the value in Drive Gain.

(The value entered varies depending on the sample.

Enter the optimum value for your sample.)
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A ~value. 51 Ll

Lﬁa i (Example)

1 0.0075->0.015




4. Lever Tune Settings
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pisplay the entire waveform
Increase the vertical display range of the graph
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Enter a large value-
(Example)
05V-> 08V
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3 Adjust the operating point.
Adjust the operating point to 2 he height of the
peak.
er Tune Fineé Adjustment Step 2" p.80

[ “Chapter3 4.3 Lev
Reference

About
half the N

heightof ] '
the peak
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4 Close Lever Tune.
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The current conditions are saved, and the [Lever Tune]
window closes with the current operating point and
Operating frequency reflected in the Scanning conditions.
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Parameter Settings

set the parameters i
rs in the [Scanning Conditio ]
n] window,

»
3%

In dynar

1\

YWEI P 5 R s gt
1 Size The area of the sample surface scanned by the prob i
vision), indicated as lengths along the X and Y axes. ]
IR ST [ e ,”_,ﬂv.,.,,.._,A_,.N.“_f.,,.,,.v ] : S
2 Rate’ The scanning speed for one liné expressed as a frequency: When *1
one line i scanned (back and forth).in oné second, the ratetis 1Hz- |
e _,___‘,’,.,..-a____, e 3 Lo et e S ,......,A.,,‘_,._—-,.,_,._.__.__.../___..’___«,,—'— >
3 Data Spe ber of pixels of data that is acquired. 256%256
//
4 Z Rangé

\
T

5. :
Parameter Settings’

Recommended
value at' startof
scanning
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nsitivItyS

| ¢ mode; the

|
i.‘z
|
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v 13 Rebdmmendeﬂ
~ Description value at start of |
~ i s , scanning \ 2
: . ek i L B
lndtca?es thz.e integral gain with respect to the control signal. A large | 1500 to 35001 | o
value is desirable, however, oscillation vill occur if the value is too |
large. Usually the Iargest value at which oscillation does not occur ‘ - =
is set.
[ ___,._,,‘___,’—,1 Ly
8 Scanning Select whether or not feedback control is applied to scanning. Constant Force i
Mode Constant Force :Feedback is applied, and the sample surface

shape is output in the height signal.

K is not applied and the currenth
shape is output in the

Constant Height :Feedbac eight is
held. The sample surface

deflection signal.

nd integral gain at the start of scanning vary depending on

. 1 The rate @
‘the size.
th the condition

s below and adjust as

3 ik !, s
, Rate

Start wi
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