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System Overview

ACAFM is an intermittent contact mode of atomic force microscopy (AFM) in which the cantilever is
driven by an alternating current (AC). The AC Mode option, added to the PicoLLE system, allows the user
to image softer or more fragile samples than is possible with normal contact mode AFM. The Molecular
Imaging MAC Mode Controller can operate in two different modes; magnetic AC (MAC) and acoustic AC
(AAC). In MAC mode, the alternating current running through a coil creates an alternating magnetic field.
The field drives the cantilever via a magnetic coating on the back of the cantilever. Typical MAC
frequencies are on the order of 80kHz. In AAC mode, a voltage that oscillates on the order of 300kHz
drives a piezo crystal in the scanner nose. The drive frequency in AAC mode is based on the natural
resonant frequency of the cantilever and, as such, may vary from cantilever to cantilever. In MAC Mode,
the cantilever can be used at frequencies below that of resonance. At the drive frequency, the tip moves up
and down with a measurable amplitude when it is unaffected by (distant from) the sample surface. The
system detects changes in the amplitude first, as the tip approaches the surface and then, with greater
pressure, as the tip reaches the surface and atomic repulsion effects become dominant. An intermolecular
force versus distance curve is shown in Figure 0.1 below.

Repulsive Force
A :
Contact regime
Intermittent-
cotitact regime Distance hetween
tip and sample
= >

HMon-contact regime

h i
Attractive Force

Figure 0.1 (Intermolecular force-distance curve)

When the tip-sample force is attractive, the amplitude increases and when the tip-sample force is repulsive,
the amplitude is decreased. The Z-axis piezo adjusts to maintain the setpoint amplitude and, thus,
generates the topography data as the cantilever is scanned across the sample surface.

Molecular
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Chapter 1: Initial Setup

Note: The use of the term AC Mode refers to either MAC Mode® or Acoustic AC® Mode. The terms
MAC Mode and Acoustic AC are used only when there is a need to differentiate between the two modes of

imaging.

List of MAC Mode Components

MAC Mode controller
Acoustic AC Nose Assembly
MAClevers™

AAC Probes

MAC Mode Sample stage

BNC to BNC — connects AC Mode Controller to Head Electronics Box.
Power Cable — connects AC Mode controller to power source.
RS-232 (serial) cable — connects AC Mode controller to computer.

® & & & 6 O O O 0o

MAC/EC cable — connects MAC Mode sample stage to microscope base.

Please contact MOLECULAR IMAGING if any of these items are missing.

DB25 to DB25 — connects AC Mode Controller to Head Electronics Box.

Molecular
5-2 Imaging
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Connections
See Figure 2.2 in the next chapter to reference the connections described below. The terms “male” and
“female” refer to the connector fittings, and not to the pins within the fittings.

Power Cord
Insert the power cord supplied with the AC Mode package into the back of the AC Mode controller. Do
not power on the controller at this time.

PicoLE Head Electronics Box Connection
Connect the female end of one of the DB25 cables to the bottom PICO SPM I connection on the AC
Mode controller. Be sure the cable fits snugly and is not loose; if the connection is loose this may cause
serious problems while imaging.

After connecting the cable to the AC Mode controller, connect the other (male) end to the
CONTROLLER connector on the PicoLE Head Electronics box.

Connect the BNC cable to the MAC port on the AC Mode Controller, making sure the connector twists
and locks into place, then connect the other BNC end of the cable to the MAC connector on the PicoLE
Head Electronics box. Mention AAC to AAC BNC connections for AAC Mode operation.

If imaging in MAC Mode, the microscope must be connected to the sample plate using the MAC/EC
cable. Plug the round jack into the underside of the microscope, and the 6 pin connector into the sample
plate. If using Acoustic AC, the signal travels through the normal connections and this connection is not
necessary.

Serial Port Connection
For most users, the AC Mode controller will be controlled using a standard RS-232 serial link. Connect to
the computer COM1, COM2, or COM3. The default is COM1, but this setting can be changed in the
PicoScan software. See Advanced under Chapter 3: AC Mode Software Controls below for more
information.

PicoScan Controller Connection
Connect the male end of the other DB25 cable to the top PICO SPM I connector on the AC Mode
controller. Be sure the cable fits snugly and that it is not loose; this too can result in serious malfunctions
while imaging.

After connecting the cable to the AC Mode controller, connect the other (female) end of the DB25 cable to
the PICOSPM connector on the PicoScan™ 2100 controller. If using a PicoScan 2500 or 3000 controller,
use the connection labeled PICOSPM L.

Note: It is not possible to do both MAC Mode and Acoustic AC Mode imaging at the same time.

Molecular
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Chapter 2: The AC Mode Controller

The AC Mode controller is the driving force behind AC Mode. It is here that the drive signal is produced
and controlled. After preparing and mounting the sample it is now time to turn our attention to the AC
Mode controller. If using an older AC Mode box (with only 25-pin connectors), refer to the original
manual. Note that the AC Mode controller must be plugged into the wall.

Front Panel

MAC MODE®
AC CONTROLLER

Molecular
ﬁ Imaging

Figure 2.1 (Front panel of the MAC Mode Controller)

The meter on the front panel displays the amplitude of the cantilever in volts. To convert it to actual
amplitude, use this equation:

MeterVoltage(V')
20 - InputGain

Amplitude(nm) = -4.3. Sensitivily(%)

¢ MeterVoltage: The number displayed on the meter.

¢ InputGain: The input gain setting in the AC Mode Controls window in PicoScan. See Main under
Chapter 3: AC Mode Software Controls below for more information.

¢ Sensitivity. The PicoScan controller pre-amp conversion coefficient. This is calibrated in PicoScan by
taking the inverse of the Force vs. Distance contact region slope in contact AFM mode. If amplitude
data are crucial, please note that the sensitivity should be recalibrated each time the laser spot is
adjusted on the cantilever. See the PicoScan manual for more information.

To calibrate amplitude based on the signal displayed in the software (on the amplitude monitor), use this
equation:

Molecular
@1 Imaging
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(MonitorVoltage(V) —4.3xS.P.(V))
20 - InputGain

Amplitude(nm) = —[ : Sensitivily(%)}

¢ MonitorVoltage: The value displayed on the amplitude monitor in PicoScan.
¢  S.P. The amplitude setpoint in the Servo Controls window in PicoScan.

The detector electronics act as a low pass filter with a 3dB point of 320 kHz. Take this into account when
calculating high-frequency amplitudes.

Rear Panel

MAC
PICO SPHM Il

AAC

> @
A=
D @

Figure 2.2 (Rear panel of the MAC Mode Controller)

MAC
Drive output for MAC Mode. Connect to the BNC cable that plugs into the MAC connection on the

PicoLE Head Electronics box.

AAC
Drive output for Acoustic AC. Connect to the BNC cable that plugs into the AAC connection on the
PicoLE Head Electronics box.

Drive In
This is for an auxiliary input signal to be summed into the AC Mode drive signal.

Deflection
Average position of the laser spot on the photodiode. The AC Mode box generates this signal by putting

the raw input from the photodiode through a low pass filter.

Amplitude
This is the output from the lock-in amplifier representing amplitude. The signal is the same as the meter

but the sign is reversed.

Molecular
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Phase
Phase shift of the center frequency component of the input signal. The conversion factor is 9 degrees per
volt.

The Deflection, Amplitude and Phase BNC connections are outputs that can be read through an
oscilloscope, or through the software by plugging them into the auxiliary input (AuxIn) on the PicoScan
Controller.

Serial Port
Connects the AC Mode box to the computer.

Aux
This connector is not currently in use.

Pico SPM Il / Pico SPM |
These DB44 or DB25 connectors go to the controller and microscope. The PicoLE microscope uses the
DB25 (PICO SPM I) connectors.

Molecular
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Chapter 3: AC Mode Software Controls

Open the AC Mode Controls window from the View menu in PicoScan. If the AC Mode Controls
selection is grayed out, enable it from the Misc. Options tab of the Setup (Scanner, Controller etc.)
window. This window can control any PicoSPM I or PicoSPM II AC Mode Controller. If using an older
AC Mode Controller, some controls will not appear in the window, as they are controlled on the box itself.

The Main window contains the most-used AC controls. All values in this window may be changed using
the text box or the up and down arrows on the keyboard.

ACMode Controls —___F|
Frequency [kHz] W
DiveOn W (%) o0

Phase Offset[deg) 00
Zero Phaze |

[MaC =l |Gana 7]

|AC Mode *I Swesp |
Advanced I Connect |

Status Releaze verzion 1.02
A Mode controller online

Figure 3.1 (The Main AC Mode Controls window)

¢ Frequency (kHz): Displays the current drive frequency.

¢ Drive (%): The amplitude of the drive force as a percentage of maximum available. The On checkbox
denotes whether the drive is turned on or off (for older controllers, this control is on the box itself as
well). The checkbox defaults to checked when PicoScan starts.

¢ Phase Offset (deg): Allows you to change phase offset.

¢ Zero Phase: This button zeroes the phase offset and sets the phase signal to zero.

¢ MAC / AAC: This pulldown menu allows the user to designate which mode (MAC Mode or Acoustic
AC) is being used. This menu will only appear if using a PicoPlus AC Mode Controller. This menu
defaults to MAC when PicoScan starts.

¢ Input Gain: The signal into the MAC Mode Controller is multiplied by the factor designated in this
pulldown menu. Selecting a higher gain can result in a higher signal to noise ratio for a small signal.
Do not use a high gain setting with a large amplitude, because any signal outside the range +10 V is
clipped.

¢ Contact / AC Mode: This pulldown menu allows the user to designate contact AFM or ACAFM
mode. This menu only appears if a PicoPlus AC Mode Controller is being used. This menu has the
same function as the AC Mode button on old AC Mode boxes. This menu defaults to Contact when
PicoScan starts in AFM Mode, and AC Mode when PicoScan starts in AC AFM mode.

Molecular
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Sweep: Brings up the Amplitude vs. Frequency Spectroscopy dialog.

Connect: When this button is clicked, PicoScan will attempt to connect to the MAC Mode Controller.
Use this button to reinitialize the MAC Mode Controller after powering off.

Advanced: Toggles the window to the Advanced functions.

Advanced

The Advanced window contains optional and advanced AC mode settings.

AC Mode Controls ] I

—lncrement Sizg ———

Frequency [kHz] IEI.EIEIEI
Drrivee [%2] |EI.EIEI
—Filter Thresholds

Threshald [kHz) |4III. 0aa

Bandwidth [Hz] |01 =

[oowr =] | Resoe |

b ain | |lpdate |
Statuz: Releaze version 1.02
AC Mode controller anline

Figure 3.2 (The Advanced AC Mode Controls window)

Increment Size: These numbers determine the increment size when the up and down arrows on the
keyboard are used to change Frequency and Drive.

Filter Thresholds: These controls set the band pass filter of the lock-in amplifier of the MAC Mode
Controller for different frequencies. The active band pass filter is the one with the highest threshold
below the current drive frequency. It is recommended that the user not change these unless they
thoroughly understand the theory behind lock-in amplifiers. Any changes may adversely affect the
performance of the system.

Restore: Restores all default settings.

COM Port Selector: This pulldown menu allows the user to designate into which COM port on the
computer the MAC Mode Controller is plugged.

Update: Updates the firmware in the MAC Mode Controller.

Main: Toggles the window to the Main functions.

Molecular
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Chapter 4: MACAFM Tutorial

A strong point of the PicoSPM system is its AC mode capability. With this mode, one can obtain high-
quality images of soft samples in-situ. AC mode means that the cantilever oscillates at a controlled
frequency, and PicoScan measures the resulting amplitude and phase changes as the tip of the cantilever
interacts with the surface being imaged. Either an oscillating magnetic field or a vibrating piezo crystal
induces the cantilever oscillations. In the case of magnetic excitation (MAC Mode), the cantilever is coated
with magnetic material, which allows the magnetic field to drive the cantilever. This tutorial will use MAC
Mode; however, all the principles are the same for Acoustic AC Mode. This tutorial will use a Large
scanner and a Type II MAClever (C = 3 N/m) to image a gold-on-mica substrate. This tutorial should only
be done after completion of the AFM tutorial in the PicoScan software manual. If the images obtained are
of unsatisfactory quality, try using the PicolC™ isolation chamber. This tutorial is written for a system
with a PicoLE microscope and a MAC Mode Controller.

Hardware
¢ AC Mode controller
MAC Mode Sample plate
AFM scanner
MAC Mode AFM cantilever
Tweezers
Sample
Two-sided tape
Photodiode detector

* & & & 6 o o

System Setup

Hardware Setup
Set up the microscope as detailed in the PicoLE System module. Make the hardware connections that
are described in Chapter 1: Initial Setup (page 3) of this module. Note the MAC/EC cable must connect
the sample plate to the microscope in order to use MAC Mode. The Contact/AC Mode/CS AFM
Switch on the PicoLE Head Electronics Box should be turned to AC Mode. Be sure to use a MAC
sample plate, as the magnetic core of the standard sample plate will interfere with the MAC Mode drive
field. See Figure 4.1 below.

Molecular
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Split in core

Figure 4.1 (The MAC Mode sample plate has a split in the core that
prevents the formation of an induced magnetic counter-field)

Software Setup
PicoScan software should have already been installed on the computer. Use the following steps as a guide
to become familiar with the system settings required to make good images.

1. Click View on the main menu bar and select Setup (Scanner, Controller etc.).

B Molecular Imaging Corporation: PicoScan 5.3 USB 2 18] x|
File~ | iew = Mode~ Preferences ~ Scanner~ Color - | Serigts= | 1 sPs [/ EC  HV off - Approach to tum on Wi 16:30.03 | Help~
‘Approach Control

Buffer Assignme]
Data Rendering
Buffer Info

Bitmap Wiew
Cross Section Analysis
Data Buffers (Images)
&3 Inputfverror Signal Monitor V
AC made control
Comments
Fileer Tookbox
& | 5yout Editor
T Color Editor
Script Editor
Aux 10 channels
|- Spectroscopy

SPS compact & tie windows

iew pull down menu

SPS restore 8 cascade windows

|4, Blectrochemitry S et u p
EC compact & e windows
EC restare & cascade windows,

Defaulk De

[ Setup (Scanner, Controller stc.}

The other windows have been closed for simplicity

Figure 4.2
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PICOLE AC MODE

The setup dialog will open to the Scanner & Preamp Calibration tab

.Setup {Scanner, Controller etc.} : il

| Outputs Calibration | Mize. Options
Micioscope I Contioller Definition

HEW

Inputs Calibration
S canner & Preamp Calibration

Scanner Calibration File IAFMS 324-00020
Servo Sense Feedback

— kiode
) 5Tk * Forward
Servo Gain Multiplier I1.EID
% fFh " Reverse g
— Piezo Tube s
Corrected Calibration Factors——— Hysteresis
AAe % Scan Size (10% Max.]
o [180.0 |2.00 000 [1.40
v [2310 |0.023200 Jns20
b he
First Order Second Order  First Order Second Order
A [160.0 [oooooo - f2310 |0nzaz00
ZinAn: |49 0
Pre-amplifier
[ Canversion Caefficient 1,00 nmAdalt |

Ok I Cancel | Apgly |

Figure 4.3

2. Click on the Microscope tab.

.5(:I:up {Scanncr, Controller cte.) E ﬂ

InpLtz Calibratisn | Ouzputs Calibration | Mize Opiahs |
Scanner & Freawp Calibration Microrcope | Contraller Jef rition
Micrazcope Defnition Fils I "I

Microscops Tyre O 5P| 5
Approach Devic= .
|7 £ DE Molo 47 Gteppen Mot=r & 05tanne r \ S PM 1

A itnmad o Apnnoeey

Incrementa R ange 400.0 mm

—Miauseope k
Steppe Moor

.
prn Per St=p 013 \

ITI Canzel | Al I

Figure 4.4 (Make sure SPM1 is selected in order for the system to communicate
propetly with the PicoLE microscope)

Imaging
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3. Select SPM1 as the Microscope Definition File. Enter a default value of ‘400’ into the Incremental
Range.

Select the Misc. Options tab. Then select the AC Mode Controller Supported box. Click OK to
accept the changes and close this dialogue.

.5etup {Scannet, Controller etc.) él
Scanner & Preamp Calibration | Miciozcope I Controller Defintion |
Inpuits Calibration I Outputs Calibration Mizc. Optiars

ot ol AC Mode Controller Supported box

’7Filename |Ii\ename ype IBimauI j

¥ &t Startup Display ot Avalable Preferences
s Controller [Correction for 30 Displag]
v ACMode Controller Supparted

™ &llow Dual Screens

Startup Sciipt I
[include extenzion]

™ Reset Taolbars [takes effect when PicoScan is restarted)

¥ Check Everyweek Far Program Updates

Ok I Cancel | Lply I

Figure 4.5

5. Select Live Scan from the File drop-down menu on the Main Toolbar.

File Pull Down Menu

M -ular Imaging Corporation: Picoscan 5.3 USB

Filz = “iewe~ Mode~ Preferences = Scanner ~ Color = | Scripts = >| 1r—J 5PS ('_7 EC  HY off - &pproach to tum on

’7 Live Scan

Wi

WEce 163342 | Help=

Live Scan Box

Exit Picoscan

Figure 4.6

6. Under Mode on the main menu, select AC AFM.

Mode pull down menu

.Molecular Imaging” poration: PicoScan 5.3 USB
File = ‘iews = W Preferences ~ Scanner~ Color = | Scripts ~ ’l Lr—__J_‘SPS sz_EC HW off - Approach ta tum on
5T
AFM

[v A AR

PEete 164010 | Help

AC AFM

Figure 4.7
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7.

Under Scanner on the main menu select the scanner calibration file that matches the serial number of
the scanner being used. See the diagram below for the location of the serial number.

WVertical Horizontal
(¥ -amis) G‘:_—ams)
adjustment

adjustment “
/ Lager screen
ROLECILLR: IMLGING

SMALL SCAMMER, Scanner type

S 52400020

=Zertal Mumber

TS Patext 1

N/

Figure 4.8

Scanner pull down menu
.Mnlecular Imaging Corporation: PicoScan 5% LsB

File~ “iew ~ Mode~ Preferences+ ’W Color = | Scripts ~ ’l Lr__—J__SPS LC]__‘EC HV off - Approach ta tum on .Enab\e
~ AFMS324-00020 = . -
B Selected Scanner Calibration File
Generic AFMIM
Generic AFM15
Genetic AFM2ZL
Genetic AFM25

41:24 | Help-

Figure 4.9 (Select the calibration file that matches the serial number of the scanner)

Tuning the Tip

8.

Under View on the main menu, select AC Mode Controls, then perform the following;

Select MAC (as indicated in Figure 4.10 below) to perform a Magnetic AC scan using a MAC tip
Select Drive On.

Enter 5 for the drive %.

Set the Gain to 1x.
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9.

ACMode Controls —— E|
Frequency [kHz] I?E. aao

Drive On ¥ (%) [5.00 <
Phaze Offzet [deg] IEI.EI

\ Zern Phasze |
[Mac =]

IGain w1 j

IAC fode *I Sweep ﬂ
Advanced I

Statuz: Releaze verzion 1.02
AC Mode controller anline

MAC Mode
Selected

Connect |

Figure 4.10

% Drive

Sweep

/ Button

Click on the Sweep button. The AFM AC mode Frequency Plot will now appear.
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Figure 4.11

10. The resonance frequency of the cantilever must be empirically determined by performing a full-scale

frequency sweep.

e Seclect the scale check box directly under the Frequency Range values.
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e Drag the top Frequency slider completely to the right and the bottom Frequency slider completely to
the left.
o (lick the START button.
e The Resonance peak indicates the resonant frequency of the cantilever (shown in Figure 4.12 below).
AFM ACmode Frequency Pl . =
File Mode Options 2nd Cf 3rd Channel
% v3. Y | Spectoscopy Buffers & 1a'r | signal vs. tme |
= E S| T » B € k3| Pt nodaa ‘EE% |
i~ Sweep Definition For All Buffers: Amplitude 0 _464 V Frequency 300 KHz
™ = I Buffer ++
R R i 1_shear AB_013103_c
;I_I i q_l v T} 450 ] E\aarA\II Llndnl
a » J|0.200
- VR 1o PN 7] S '_D;E”a; i
Acauiing Dats o o] Resonance  Selertion
& Singls ' Multiple Swesps o p e ak e @ E:;::Z)r
) KHz  [i1473 =
Datapoints Sweep  Tal [ E v 0.217
400 * Up = 34 Cursor (Right Button)
. Kiz  [zz746 =
v 0.273
14 Find _ Min_| Max |
0 /LM [
Eﬂwn ! mﬂsmplituda[V]'vszgr?aquency[KHz]aDD o
I~ Girid ¥ Cornect Fsfiash |- ] J Inegrle_ |
¥ fxis: Freuency [KHz]
¥ asis: [Ampltude [V] -
Zoom to Red Cursorl Feset | Scale | Zoom to Red Curs0r| Figset | Scale
d * i g . + 450 :
DN T S i
JIDI o IEll o I‘WIIZI 0.200 ‘EI‘ o IﬁE‘lﬂ‘ o I‘HZI‘DEI 0.200 M
|comments Load
Figure 4.12
e Zoom in on the resonance peak displayed on the frequency plot by adjusting the two Frequency sliders
until the resonance peak is centered in the plot.
e C(lick on the START button in order to initiate another frequency sweep.
e Repeat the above procedure until the frequency range of the sweep is less than 10kHz.
e If off scale, use the software controls to reset the drive to a lower value. If the amplitude is greater
than 10 volts, the electronics won’t work correctly.
11. Check the Active check box in the Frequency plot window. See Figure 4.13 below.
12. Update the drive frequency of the AC Mode control by left clicking slightly to the left of the resonant

peak maximum.
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s | Spectioscopy Buffers A to' | signal vs tine |
SH~B S EBE2 s - -5 ¢ & ]
Sweep D efintion For Al Bulfers: it O.AEn & R 25 e
Bufer
A 2] T Buffer v
i 1_shear AB_013103_c
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Figure 4.13

13. After the drive frequency has been updated, adjust the drive percentage so that the amplitude,
displayed on the front of the AC Mode controller box (the hardware unit, not to be confused with the
AC Mode Controls window in the software), is 5 =1 volts.

14. In the Buffer Assignment window, add a buffer by clicking the + button as needed to get three
buffers.

Buffer Assignment m
Grn:nuplﬂ1 v” File  ‘Wiew

W Always Copy Buffers |3n #Buffers Avaiable| | o o
[ Buffer++ [T Hevalve I
[~ Mame++ [~ Store  Acquied Images: + ﬂ i
W e 1w | Nl SR
 add buffer to group)
ITl:upl:ugraph j ]
&+ Left  Right [T Median [~ Smooth 2400
A000
4500

Figure 4.14 (Adding buffers to the group)

Set the three buffers to Topograph, Amplitude, and Phase by sclecting each from the drop-down
menu on the tab for each buffer. Topograph displays the topography of the sample. Amplitude
displays the amplitude of the cantilever oscillation at each point. The microscope tries to keep the

amplitude constant, so this image shows changes in the sample surface. Phase displays the phase
between the cantilever oscillation and the drive signal.
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15. In the View menu, select Layout Editor.

Molecular Imaging Corporation: PicoSca

JJ File = | Wiewy = Mode > Preferences = Scannet:

m |7 Scan & Spproach Cortrol E

Group |-1|7 Sero Contral

¥ Al |7 Buffer &zsignment

[ Euff|7 D'ata Rendering

[ Man Buffer Info ﬂ I
#1 Bitmap Wiew

T Crozs Section Analyziz
I opogr
v |mages

= Lel

Aailz

: . Smoo
E |nput"¥emar Signal kMaonitor

&C mode control
Comments

|7 Filter Toolbo

Contia %m
€ C

olar E ditar
Moc Script Editar A

W [— Scanner & Contraller Setup .
: —I_T 1 e s | |

Figure 4.15 (Opening the Layout Editor)

Select the option to display three buffers and click OK.

16. Align the photodiode detector such that the LFM and deflection signals on the microscope display are
as close to zero as possible. In other words, center the laser beam on the detector. See Aligning the
Photodiode Detector in Chapter 3 of the PicoLE System module for more information.

Engaging the Sample

17. Set the integral (I) gain % to 1.000 and the proportional (P) gain to 0.5 in the Servo tab of the Servo
Control window.

18. In this same tab, make sure the Servo Range is set to its maximum value.
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Figure 4.16 (Servo Control window)

19. Set the Approach Motor Speed to 5 and the stop at value to 0.9 in the Approach tab of the Scan
and Approach Control window.

Elpanl
Stop At (0300 -

] U wihdew || & a3 @

Set the stop at value

= | Travefum] [10.0 ] |01

Coarse ZFosition g}]uuzu. 5 um

11| ~Motor Speed (Automatic
I| | Approach - e
4 0 S0 75 1m0 3
Withdiaw [r5 =
b L -]_ = Set the Approach Motor Speed
0 25 50 75 100
| - Optiore
¥ Center Approach
[ AutoScan Stat
¥ OpenScanTab
|
Figure 4.17
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20. Press the Approach button. When the tip reaches an appropriate imaging distance from the surface of
the sample, the following message appears:

Pico5can |

& FORCE SETPOIMT REACHED - SERWO ACTWE

Figure 4.18

The microscope is now engaged!
21.Click OK.

Imaging

22.The Scan and approach Control window should appear with the Scan tab displayed. If not, click the
Scan tab to bring it to the front.

23.Set the desired X and Y scan dimensions then press the Start button.
24.An image should slowly appear in the Data Buffers window.
Note: If a blank image appears, the system may have experienced a false engagement, meaning the tip was
sufficiently deflected to cause the microscope system to begin acquiring data without actually reaching the
sample. This can happen with softer tips and with samples in liquid.

Figure 4.19

Clicking the Adjust box (with the green border) in the Optimizing tab of the Data Rendering window
will auto-scale the image displayed in the Data Buffers window.

To get continuous scans, uncheck the Single Scan box in the Scan tab of the Scan and Approach
Control window. From this tab, the system can be told to always scan up, always scan down or to
alternate (Toggle) the scan direction.
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Image Processing

The following parameters can be adjusted to maximize image quality:

=

Z-Scale

Integral Gain
Proportional Gain
Set point

AN R A

¥ Molecular Imaging Corporation: PicoScan 5.3

Mode (Flattened, Equalized etc., in the Optimizing tab of the Data Rendering window)
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For the Mode setting, Flattened first order is the best starting choice.

Figure 4.20

remove distortions caused by sample bowing.

\553 4:56 PM

Sometimes second order can

The Z-Scale adjustment can be set automatically by pressing on the adjustment tab. A good value for the
% sensitivity is 5. Fine adjustments to the Z range can be made either by entering new values or by
moving the slider below the adjustment tab.

The integral and proportional gain can be used after initial Mode and Z-scale adjustments. Increasing
these parameters can sharpen an image. Decreasing these parameters can remove noise-like distortion
from an image. See the PicoScan Software Manual for more details.
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The Set Point can be adjusted to remove image distortion that results from the tip location relative to the
surface. The tip being too high can result in blurry and physically distorted sample. The tip being too low
can result in horizontal (scratch like) lines.

Note: This parameter should be carefully adjusted in small increments as improper adjustments

can crash the tip!

Other parameters that can be considered for improving image quality:

1. Scan speed: Sometimes a sample needs to be scanned at a slow rate. Usually samples can be scanned
at 2 lines/second.

2. Rotate adjustment: A large feature off the screen can sometimes distort a sample. Rotating the scan
direction can sometimes solve this problem. This value is in degrees.
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Figure 4.21

Remember to save images with the Save function on the files menu in the data buffers box.

File Management

THE PICOSCAN SOFTWARE USES STANDARD WINDOWS FILE MANAGEMENT DIALOGS.

To save an image, simply click the Save button in the toolbar of the Data Buffers window or of the
Spectroscopy or Potentiostat windows. Save can also be selected from the File drop-down menu in any
of these windows. The file name will be what is entered in the filename portion of the Buffer Assignment
window. By having the Name++ box checked, the file names will automatically increment (filename01,
filename02, etc.), placing each saved set of data in a separate file. If this box is not checked, the previous
data will continue to be overwritten to the same file.
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Figure 4.22

If Store is selected, PicoScan will save the buffer data after each scan is done.

Save Data As... is also a choice in any of the above listed locations. This selection allows you to designate

a file name for the data.

To retrieve an already saved image, simply open the file by clicking the Open icon or by selecting Open

from the File drop-down menu.
Note: Loading saved data automatically places PicoScan into View mode.
system is in Live Scan mode before acquiring any new data.

You will have to make sure the
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Chapter 5: AACAFM Tutorial

A strong point of the PicoSPM system is its AC mode capability. With this mode, one can obtain high-
quality images of soft samples in-situ. AC mode means that the cantilever oscillates at a controlled
frequency, and PicoScan measures the resulting amplitude and phase changes as the tip of the cantilever
interacts with the surface being imaged. A vibrating piezo crystal in the nose assembly induces the
cantilever oscillations. This tutorial will use the PicoLE system in AAC Mode. A Large scanner and an

NCH (non-contact high-frequency) cantilever (C = 40 N/m) will be used to image a gold-on-mica
substrate. This tutorial should only be done after completion of the AFM tutorial in the PicoLE System
module. If the images obtained are of unsatisfactory quality, try using the PicolC™ isolation chamber.
This tutorial is written for a system with a PicolLE microscope and an AC Mode Controller. For a different
system configuration, refer to the original AC Mode manual for details.

Hardware
¢ AC Mode controller
AFM scanner
Acoustic AC Nose Assembly
AAC Cantilever
Tweezers
Sample
Two-sided tape
Photodiode detector

* & & 6 6 o o

System Setup

Hardware Setup
Set up the microscope as detailed in the PicoLE System module. Make the hardware connections that
are described in Chapter 1: Initial Setup (page 3) of this module. The Contact/AC Mode/CS AFM
Switch on the PicoLE Head Electronics Box should be turned to AC Mode. Make sure that an AAC
nose is placed in the scanner, see Figure 5.1 below. See the AFM Nose Assembly section in Chapter 3 of
the PicoLE System module for instruction on placing the nose into the scanner.

Figure 5.1 (AAC nose)
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UM PL0511 ACM 11-04 lmaglng 5 - 23



PICOLE AC MODE

Software Setup
PicoScan software should have already been installed on the computer. Use the following steps as a guide

to become familiar with the system settings required to make good images.

1.

The setup dialog will open to the Scanner & Preamp Calibration tab

B Molecular Imaging Corporation: PicoScan 5.3 USB

‘Approach Control

Buffer Assignme
Data Rendering
Buffer Info
Bitmap Wiew
Cross Section Analysis
Data Buffers (Images)

&3 Inputfverror Signal Monitor

AC made control
Comments
Fileer Tookbox

& | 5yout Editor

T Color Editor
Script Editor
Aux 10 channels

|- Spectroscopy
SPS compact & tile windows
SPS restare & cascade windows

|, Electrachemitry
EC compact & tile windows
EC restore & cascade windows,

Defaulk De

[ Setup (Scanner, Controller stc.}

Click View on the main menu bar and select Setup (Scanner, Controller etc.).

File~ | iew = Mode~ Preferences ~ Scanner~ Color~ | Seripts= b Pz [/ EC MY off - Approach to tum on

=1a]x|

//////Setup

iew pull down menu

The other windows have been closed for simplicity

Figure 5.2
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Click on the Microscope tab.

.Setup {Scanner, Controller ekc.) E ﬂ
Inputs Calibration | Outputs Calibration | Mizc. Options
Scanner & Preamp Calibration I Micioscope I Contioller Defintion
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Figure 5.3
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properly with the PicoLE mic

Figure 5.4 (Make sure SPM1 is selected in order for the system to communicate

roscope)

Select SPM1 as the Microscope Definition File. Enter a default value of ‘400’ into the Incremental
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4. Select the Misc. Options tab. Then select the AC Mode Controller Supported box. Click OK to
accept the changes and close this dialogue.

.Setup {5canner, Controller etc.) x|
Scanner & Preamp Callbration | Mizioscope | Cantroler Defintion |
Inputs Calibration I Outputs Calibration Mise. Options

AC Made Controller Supported box

Default Image File Options
’7Filename |Iilename wpe IEinal_l,l j

¥ &t Startup Dizplay

Gt &vallable Preferances
Tx Controller [Canection for 30 Dizplay]
W AC-Mode Contraller Supported

™ Allow Dual Sereens

Startup Scnpt I
[include extenzion)

I Aezet Toolhars [takes effect when PicoScan is restarted)

¥ Check Every "Week For Program Updates

Ok I Cancel | Apnly |

Figure 5.5

5. Select Live Scan from the File drop-down menu on the Main Toolbar.

File Pull Down Menu

M ular Imaging Corporation: PicoScan 5.3 USB
File » “iew~ Mode~ Preferences = Scanner ~ Color = | Scripts = ’l 1r—J SPS f:? BC  HY off - &pproach to tum on .Enab\e 16:33:42 | Help=

’7 Live Scan

Wiew

Live Scan Box

Exit Picoscan

Figure 5.6

6. Under Mode on the main menu, select AC AFM.

Mode pull down menu

.Mnlecular Imaging” poration: Picoscan 5.3 USB
File ~ View ™ |Mode r Preferences ~ Scenner ™ Color = | Scripts ~ ’ | l:iSPS LQ EC  HV off - &pproach to tum on .Enahle 16:40:10 | Help~
3TM
AFM
v A ARM

AC AFM

Figure 5.7
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7.

Under Scanner on the main menu select the scanner calibration file that matches the serial number of
the scanner being used. See Figure 5.8 below for the location of the serial number.

WVertical Horizontal
(¥ -amis) G‘:_—ams)
adjustment

adjustment “
/ Lager screen
ROLECILLR: IMLGING

SMALL SCAMMER, Scanner type

S 52400020

=Zertal Mumber

TS Patext 1

N/

Figure 5.8

Scanner pull down menu
.Mnlecular Imaging Corporation: PicoScan 5% LsB

File~ “iew ~ Mode~ Preferences+ ’W Color = | Scripts ~ ’l Lr__—J__SPS LC]__‘EC HV off - Approach ta tum on .Enab\e
~ AFMS324-00020 = . -
B Selected Scanner Calibration File
Generic AFMIM
Generic AFM15
Genetic AFM2ZL
Genetic AFM25

41:24 | Help-

Figure 5.9 (Select the calibration file that matches the serial number of the scanner)

Tuning the Tip

8.

Under View on the main menu, select AC Mode Controls, then perform the following;

Select AAC (as indicated in Figure 4.10 below) to perform a Acoustic AC scan using an AAC tip
Select Drive On.

Enter 5 for the drive %.

Set the Gain to 1x.
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Figure 5.10

% Drive

Sweep

/ Button

Click on the Sweep button. The AFM AC mode Frequency Plot will now appear.
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Figure 5.11

10. The resonance frequency of the cantilever must be empirically determined by performing a full-scale

frequency sweep.

e Seclect the scale check box directly under the Frequency Range values.
= Molecular
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e Drag the top Frequency slider completely to the right and the bottom Frequency slider completely to

the left.

e C(lick the START button.
e The Resonance peak indicates the resonant frequency of the cantilever (shown in Figure 5.12 below).
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Figure 5.12

e Zoom in on the resonance peak displayed on the frequency plot by adjusting the two Frequency sliders
until the resonance peak is centered in the plot.

e C(lick on the START button in order to initiate another frequency sweep.

e Repeat the above procedure until the frequency range of the sweep is less than 10kHz.

e If off scale, use the software controls to reset the drive to a lower value. If the amplitude is greater
than 10 volts, the electronics won’t work correctly.

19.
20.

peak maximum.

Check the Active check box in the Frequency plot window. See Figure 5.13 below.
Update the drive frequency of the AC Mode control by left clicking slightly to the left of the resonant
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21. After the drive frequency has been updated, adjust the drive percentage so that the amplitude,
displayed on the front of the AC Mode controller box (the hardware unit, not to be confused with the
AC Mode Controls window in the software), is 5 £1 volts.

22. In the Buffer Assignment window, add a buffer by clicking the + button as needed to get three
buffers.

Buffer Aszsignment m
Group I# 1 I I File  “igw

¥ Always Copy Buffers | #Buffers Available| | 5 o

[ Buffer++ [T Eevalve i

[T Mame++ [~ Store  Acquired Images: J i

e L i [

| add buifer tl:u gn:nupl

ITDngraph j

& Left  Right [T Median T Smooth 2200
S000
4500

Figure 5.14 (Adding buffers to the group)

Set the three buffers to Topograph, Amplitude, and Phase by selecting each from the drop-down
menu on the tab for each buffer. Topograph displays the topography of the sample. Amplitude
displays the amplitude of the cantilever oscillation at each point. The microscope tries to keep the

amplitude constant, so this image shows changes in the sample surface. Phase displays the phase
between the cantilever oscillation and the drive signal.
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23. In the View menu, select Layout Editor.

Molecular Imaging Corporation: PicoSca
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Figure 5.15 (Opening the Layout Editor)

Select the option to display three buffers and click OK.

24. Align the photodiode detector such that the LFM and deflection signals on the microscope display are
as close to zero as possible. In other words, center the laser beam on the detector. See Aligning the
Photodiode Detector in Chapter 3 of the PicoLE System module for more information.

Engaging the Sample

25. Set the integral (I) gain % to 1.000 and the proportional (P) gain to 0.5 in the Servo tab of the Servo
Control window.

26. In this same tab, make sure the Servo Range is set to its maximum value.
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Figure 5.16 (Servo Control window)

19. Set the Approach Motor Speed to 5 and the stop at value to 0.9 in the Approach tab of the Scan
and Approach Control window.
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Figure 5.17
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25. Press the Approach button. When the tip reaches an appropriate imaging distance from the surface of
the sample, the following message appears:

Pico5can |

& FORCE SETPOIMT REACHED - SERWO ACTWE

Figure 5.18

The microscope is now engaged!
26.Click OK.

Imaging
27.The Scan and approach Control window should appear with the Scan tab displayed. If not, click the
Scan tab to bring it to the front.
28.Set the desired X and Y scan dimensions then press the Start button.
29.An image should slowly appear in the Data Buffers window.

Note: If a blank image appears, the system may have experienced a false engagement, meaning the tip was
sufficiently deflected to cause the microscope system to begin acquiring data without actually reaching the
sample. This can happen with softer tips and with samples in liquid.

Fie e Py e lmage ot
1T o] R T TH R = W R - 8- B L T

Figure 5.19

Clicking the Adjust box (with the green border) in the Optimizing tab of the Data Rendering window
will auto-scale the image displayed in the Data Buffers window.

To get continuous scans, uncheck the Single Scan box in the Scan tab of the Scan and Approach
Control window. From this tab, the system can be told to always scan up, always scan down or to
alternate (Toggle) the scan direction.
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Image Processing

The following parameters can be adjusted to maximize image quality:

Z-Scale

Integral Gain
Proportional Gain
10. Set point

6.
7.
8.
9.

¥ Molecular Imaging Corporation: PicoScan 5.3 US

Mode (Flattened, Equalized etc., in the Optimizing tab of the Data Rendering window)
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For the Mode setting, Flattened first order is the best starting choice.

remove distortions caused by sample bowing.

The Z-Scale adjustment can be set automatically by pressing on the adjustment tab. A good value for the
% sensitivity is 5. Fine adjustments to the Z range can be made either by entering new values or by

moving the slider below the adjustment tab.

The integral and proportional gain can be used after initial Mode and Z-scale adjustments. Increasing
these parameters can sharpen an image. Decreasing these parameters can remove noise-like distortion

Figure 5.20

So

from an image. See the PicoScan Software Manual for more details.

[55@ 4156 PM

metimes second order can
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The Set Point can be adjusted to remove image distortion that results from the tip location relative to the
surface. The tip being too high can result in blurry and physically distorted sample. The tip being too low
can result in horizontal (scratch like) lines.

Note: This parameter should be carefully adjusted in small increments as improper adjustments

can crash the tip!

Other parameters that can be considered for improving image quality:

1. Scan speed: Sometimes a sample needs to be scanned at a slow rate. Usually samples can be scanned
at 2 lines/second.

2. Rotate adjustment: A large feature off the screen can sometimes distort a sample. Rotating the scan
direction can sometimes solve this problem. This value is in degrees.

=18 x|
[ [ilses [/ EC A oft-Approschtotumon 1~ . Wcrebe 170750 | Help~
[ecm ﬂj@m&’“w Bl [ocor and avoraach Control A
]_ Frequency (kHz] g ervo |Advanced| Approach Sean | Advanced Scan |
~Servo Gain ¥ —————————————
Drive On ¥ g2 flo.00 ; |BDT:{
Phase Offset (deg) 1" p———— — [som =
ZewPase || | v bt 5 o i Sene 0T suface Selvuﬂffsel[nm]—ﬂ
- ——— | SevoRemgestonl ([0 ]= [ Sigle
40 ET | ) 5 | m—— 2o p
Contact = Sweep 0 st oo 000 0 1000 (.,,g?....k
i < B
T e ~Amplitude Selpointly] ~Sampla Biasl] e
= - agle
Status Relesse version 103 B J —— [l el — J—— [
AC Mode controller onling o 5 10 4075 0 T il 5o o
izefrm]
Al ——— — 00
———— — v[@n0
LR Lot EC EC SRS || " o 9 8 o¥a oo
o Df g o B | B | 4 “J‘vm £ kﬁ)|‘ﬂ',£4| X| '"«:»"‘ I H ‘ 110 100 1000 fesaders _Ful Range |
~iigin
% z
® |00 “lnm Y |00 “um
N tlename # 2 j = :I !
S m £ e os/s]
2 E] 00 0)(lzo = [ioyra s
2 g
2 22 5 = N\ T
: z |t e Al
2nnn @ it _
Rotate adjustment Scan'speed
.
Figure 5.21

Remember to save images with the Save function on the files menu in the data buffers box.

File Management

THE PICOSCAN SOFTWARE USES STANDARD WINDOWS FILE MANAGEMENT DIALOGS.

To save an image, simply click the Save button in the toolbar of the Data Buffers window or of the
Spectroscopy or Potentiostat windows. Save can also be selected from the File drop-down menu in any
of these windows. The file name will be what is entered in the filename portion of the Buffer Assignment
window. By having the Name++ box checked, the file names will automatically increment (filename01,
filename02, etc.), placing each saved set of data in a separate file. If this box is not checked, the previous
data will continue to be overwritten to the same file.
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Figure 5.22

If Store is selected, PicoScan will save the buffer data after each scan is done.

Save Data As... is also a choice in any of the above listed locations. This selection allows you to designate

a file name for the data.

To retrieve an already saved image, simply open the file by clicking the Open icon or by selecting Open

from the File drop-down menu.
Note: Loading saved data automatically places PicoScan into View mode.
system is in Live Scan mode before acquiring any new data.

You will have to make sure the
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Chapter 6: ACAFM Procedure

Selecting and Mounting a Cantilever

Choice of an appropriate AFM cantilever is critical to the successful operation of AC Mode AFM.
Typically cantilevers with spring constant on the order of 1 N/m or higher are used. Most vendors will
specify force constant and resonance frequency of their cantilevers; make note of them. The actual values
of a cantilever’s force constant and resonant frequency typically vary by 10-15% of the published values.

Mounting the Cantilever
In ACAFM, mounting of the cantilever is the same as that of contact AFM.

Aligning and Tuning the Cantilever

As previously noted, AC Mode provides the best signal to noise response when the cantilever is oscillated
at or near its resonance frequency. It is, therefore, important to become skilled in propetly aligning the
cantilever and identifying the cantilever resonance frequency. Refer to the tutorial on page 9 if necessary
for more information. If using an older MAC Mode Controller, refer to its original manual. The only
difference is the software control.

System Setup

1.
2.

Attach all cables as described earlier in this manual.

The AC Mode electronics must be switched on prior to operation. The power switch can be found on
the rear panel alongside the power cable.

Ensure that AC Mode and Drive are turned off in PicoScan. To turn off AC Mode, make sure the
Contact / AC Mode pulldown menu has Contact selected.

In PicoScan, adjust the Amplitude Setpoint to zero. The control can be found in the Servo Control
window of PicoScan.

Using the appropriate AC Mode equipment, set up the microscope as if for a standard AFM experiment
and align the laser on the apex of the cantilever. This procedure is described in the AFM chapter of the
PicoLE System module.

Align the detector in the microscope such that the deflection and LFM signals on the microscope
electronics box are close to zero. This procedure is described in the AFM chapter of the PicoLE
System module.

Tuning the Cantilever
“Tuning” is a commonly used term referring to the systematic location of the cantilever’s natural resonance
frequency and the selection of an appropriate driving signal to establish an appropriate oscillation
amplitude.

7.

The AC Mode Controls window is shown in the tutorial in the preceding chapter. Set Input Gain to
x1. Set Drive to 5%. Click on the Sweep button. If imaging in MAC Mode, ensure that the MAC
Mode sample stage is positioned such that the ferrite core is directly under the cantilever and as close as
possible without interfering with the free oscillation of the cantilever.

Select an appropriate frequency sweep range for the installed cantilever. Select Single Sweep and set
the # Data Points (samples) setting. The frequency range divided by # Data Points is the resolution.
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9.

10.

11.

12.

Press the START button in the AFM ACMode Frequency Plot window. The software will perform
a simple sampling procedure measuring the oscillation amplitude of the cantilever while stepping the
frequency in the specified range. The sweep will be displayed in the window.

The resonance response curve, also called the tuning curve, should show a single, sharp peak that
stands several times taller than the baseline noise. The height of the peak can be changed by adjusting
the Drive in the AC Mode Controls window, and the frequency axis can be changed using the
From/To Frequency controls in the spectroscopy window. Using these controls and, if necessary,
increasing Nr Data Points, locate the frequency at which the curve reaches its maximum value. This is
the natural resonance frequency of the cantilever. The ideal imaging frequency is at, or just below, the
free resonant frequency of the cantilever. For the best image quality, select either the peak value by
clicking the Find: Max button just below the active checkbox or manually select a drive frequency
from the steep slope on the low (left) side of the peak in the frequency sweep. To select a drive
frequency, check the active checkbox for the red cursor in the AFM AC Mode Frequency Plot
window and then click the desired location on the plot. The resonant frequency may decrease slightly
when the sample is engaged.

The cantilever’s amplitude is positive and always shown on the AC Mode Controller’s meter. Switch
the pulldown menu from Contact to AC Mode to turn on AC Mode. Adjust Drive in the AC Mode
Controls window until the display on the MAC box reads between 2.0 and 5.0. The Amplitude
Setpoint is the amplitude the servo will maintain when engaged.

In the Scan and Approach Control window, make sure that Stop At: is set to 0.9 V. The system is
now ready to approach and image the sample.

Obtaining an Image with AC Mode

¢

For softer samples, the setpoint will need to be adjusted as necessary to minimize the tip-sample
interactions. If the difference between the setpoint and free amplitudes is too great, there is a potential
for degrading the sample quality (and damaging the tip).

Approach the probe to the sample surface in the same way as in contact mode AFM and start to image
after the probe is in range.

It is important to note that the controller approaches the tip to the sample until the amplitude of the
cantilever in volts has been decreased to the Amplitude Setpoint voltage.

Using the amplitude-distance curve to adjust the set point is a good way to optimize imaging
conditions. The amplitude is represented by a positive voltage, thus free amplitude is at the top of the
plot and zero amplitude is at the bottom. Under normal conditions you should adjust the force set
point to about 80% of free amplitude. Again with softer samples this value may need to be adjusted to
a higher percentage of the free amplitude.

Typically in AC Mode AFM, it is desirable to use lower gain settings (I, P = 0.3, 0.3) and a slower scan
rate (2-3 Hz). Scan rates vary with the stiffness of the cantilever. The stiffer the cantilever, the more
quickly the Z-piezo can respond, which allows good image resolution at higher scan rates.

Additional Tips for Magnetic AC Imaging
If unable to get a good image in MAC Mode, these tips may help:

*

¢

*

Place the microscope in a PicolC with the door closed. Make sure that there are no significant sources
of noise in the area.

Separate all relevant cables so that their magnetic fields will not interact to produce noise. Also keep
the cables away from any other power cords or electric devices.

Handling the microscope can cause thermal instabilities in the system. Try leaving the microscope
alone for at least an hour after setting it up to allow the system to reach thermal equilibrium before
imaging.
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¢ If unable to find a good resonance peak with the frequency sweep, or if the cantilever drifts away from
the laser beam, try gluing or otherwise securely fastening the cantilever to the cantilever holder.

Acoustic AC imaging is discussed in-depth in Chapter 8: Advanced Theory.
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Chapter 7: Troubleshooting

Getting a clear, stable image depends on many parameters. Having a clean, propetly prepared sample and a
good cantilever are essential to attaining quality images. There are other factors that play a role in the
acquisition of quality images. The following tips offer helps in resolving some of the problems encountered
in MAC mode imaging.

Unable to get clear images after placing a good cantilever

The optimized operation force set point is with in the range ~0.7 to 0.9 of the free amplitude before the tip
touches the surface of the sample. When the set point is above the shoulder, as shown in Figure 7.1, the
image will be blurry. To resolve this problem, gradually lower the set point to bring it below the shoulder.
Or, as a last resource, an Amplitude vs. Distance curve can be run in order to adjust the set point.

ishoulder bad operating point

Set point

Normal operating range

up 475 A50 25 400 75 A0 35 o
doven Amplitude [nm] vs distance [nm]

Figure 7.1 (Amplitude vs. Distance curve)

Noisy Amplitude vs. Frequency curve

Occasionally, the Amplitude vs. Frequency curve becomes noisy as shown in the left side of Figure 7.2
below. A readjustment of the deflected laser spot will often solve this problem, as shown in the right side
of Figure 7.2.
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Figure 7.2 (left: Noisy and right: Clean Amplitude vs. Frequency curves)
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Chapter 8: Advanced Theory

The following document was written by Chad Rigetti concerning Acoustic Mode ACAFM. Most of the
concepts also apply to MAC Mode. The document contains a wealth of information on the finer points of
AC Mode imaging. It is presented as-is on the following pages. Note that this document was written for
the PicoSPM I microscope.
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Optimizing Acoustic Mode Image Quality with Molecular Imaging Corp.’s PicoSPM
Introduction

The PicoSPM is an all-purpose scanning probe microscope. Its capabilities include
acoustic mode atomic force microscopy (AFM), MacMode AFM, and scanning tunneling
microscopy (STM). While this paper is intended to be a guide to acoustic mode imaging
in air, much of the information will be applicable in MacMode as well. No prior
knowledge of AFM has been assumed, so the paper can act as a self-contained guide for
new users.

Physics of Acoustic Mode Atomic Force Microscopy

When playing a guitar, we strum the strings to create standing mechanical waves, which
in turn produce acoustic waves. Acoustic excitation of a cantilever works in the opposite
way — acoustic waves are used to induce mechanical vibrations. We can flex the
cantilever up and down by setting the drive frequency to one of the cantilever’s bending
modes (which we call its resonant frequency). In the most general case, the amplitude
and phase of the induced oscillations as a function of drive frequency are described by (1)
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F
o U
(w) = 7 (1)
2 2 7 2([)2 :
(Cl)” - ) +— 2
200 @
tang = 2 2
Y P ?

where w), is the cantilever’s resonant frequency, @is the drive frequency, F, is the drive
amplitude and m is the effective mass of the cantilever. Q is the quality factor; itis a
measure of the peak’s sharpness, as well as the energy dissipated per oscillation. These
equations describe the free oscillation of a cantilever (though there are other factors that
must be included in a rigorous analysis, such as the bending of the cantilever holder and
the chip itself').

Acoustic mode imaging relies on an interaction between the oscillating cantilever/tip and
the sample surface. The interaction introduces a net force on the cantilever according to
the Lennard-Jones force curve. Depending on the mean tip-sample separation, the net
force on the cantilever over one cycle of motion can be either attractive or repulsive. The
interaction force is illustrated in figure 1. Incorporating the effects of this force on the
cantilever’s oscillation is non-trivial, primarily due to its non-linearity over the course of
a single oscillation. Indeed, for large amplitudes (10 - 100 nm), where the tip spends
time in both the attractive and repulsive regimes, the system dynamics are not amenable
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to analytical techniquesz. However, the system
: can be solved numerically by first writing the

- differential equation of motion as:

mi+cz+kz+ F(z)=F sinax (3)

Distance where m is the effective cantilever/tip mass, c is
the damping constant, k is the cantilever’s
spring constant, F,, is the drive amplitude and @
is the drive frequency. The F(z) term is the
non-linear force of interaction with the sample

Fron oacillation surface”.
{no Interaction}

Fig. 1. Schematic illustration of three distance-dependent re- The behavior Of the SyStem iS revea]ed by thC
gimes of interaction between an oscillating cantilever/tip and ; : : :
a sample surface. Dashed horizontal line segments denote dis- solutions to this equatlon. If the drive

tance intervals explored by the tip in cach regime, at three values freq uency IS set at o, the free resonance Of th e
of mean distance (vertical dashed lines). The interaction regimes !

arc labeled free oscitlation (no interaction, bottom), non-contact cantilever/ tip, we will see the amplitude and
e o inants middie, and intermittent contact (¥ | phase behavior described in b) of the figure
below. Note the small jump in amplitude (on
the linear portion of the graph) as the mean tip-
sample separation is reduced. This is accompanied by a corresponding phase :
discontinuity; it marks the transition from net attraction (non-contact) to net repulsion
(intermittent contact). As the separation is reduced further, a second discontinuity

denotes a return to net attraction.

If the drive frequency is set below @, these jumps in amplitude will not appear. There
will, however, be a sharp peak at the top of the linear portion, as seen in part a). In the
case that the drive is higher than @,, we see a combination of these two behaviors, as
shown in c¢).

This behavior also implies a shift in the resonance peak as a result of the tip-sample
interaction. In the attractive regime, the location of the resonance is shifted downward
relative to the free resonance, while in the repulsive regime it is shifted upward. At the
interface between the two regimes, the tip begins ‘tapping’ the surface at the peak of its
motion. Ostensibly, this should lead to a decerease in amplitude, because the interaction
is surely dissipative. A more thorough examination, however, reveals that this tapping
causes an abrupt shift in the location and width of the resonant peak, and thus gives rise
to the phase and amplitude discontinuities discussed above. The amplitude actually
increases because the net effect of the shift is to move the resonance nearer to the drive
frequency.
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lfig. 1. Expcfimem.al DFS curves as obtained by measuring the oscillation amplitude and phase shift as a function of the average
§1p~sample distance. The dynamic system was drivén (a) below (f = 299.45 kHz), (b) at (f = 299.95 kHz), and (¢} above (f = 300.45 kHz}
its resonance frequency f,... The DFS curves were probed by a siticon tip on a silicon wafer.

Why do we care about all this? Because if we know precisely how an oscillating
cantilever is affected by the forces arising from the sample surface, then we can translate
the cantilever’s dynamics into information about the surface itself. That, essentially, is
the general principle of atomic force microscopy.

Exactly how the information is translated is very
complex. The first step is to gather the required data
about the cantilever’s position and amplitude. The
amplitude is measured by reflecting a laser off the end
of the cantilever to a segmented photodiode. A
schematic is shown at left. The photodiode is
sensitive to the position at which the laser beam 1s
incident. An oscillating cantilever will result in an ac
output (though it is ultimately converted to a voltage
for the servo) that contains the amplitude information.
Now, we know from figure 4 that the amplitude is a
function of tip-sample separation. So the instrument uses a servomechanism to maintain
a constant cantilever amplitude by moderating this z-distance. The z-modulation is
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effected by a piezoelectric column. As the tip is scanned over the surface (also effected
by the piezoelectric column), the voltage applied to the z-piezo as a function of position
provides the raw topographical data. The cantilever’s phase relative to the drive is also
contained in the signal from the photodiode, which allows the simultaneous formation of
a phase image. The phase data can be interpreted as a measure of energy dissipation in
the tip-sample interaction”,

It is also typical to save the cantilever amplitude data itself. Even though the servo
attempts to maintain constant amplitude, it can do so perfectly only in an idealized
situation. The amplitude data is essentially the error signal, or the error in the

topography image.

Keep in mind that all of this signal processing requires some serious circuitry. This is
very much a trivialized overview of an extremely complex electronic process.
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