Cypher SPM User Guide
SYLUM

ESEANCH

an Oxford Instruments company

Cypher Instrument Family User Guide

Including beta (complete, reviewed) chapters. Including draft (nearly complete, not
reviewed) chapters.

Version 16, Revision: A-2110

Dated 09/20/2019

Asylum Research

an Oxford Instruments company



Contents Contents

Contents

| System Overview & Powering Up . . . . . . . 1
1 Safety Precautions . . . . . . . . L e e e e e e e e e e e e e e e 3
2 System OVEIVIEW . . . o o o e e e e e e e e e e e e e e e e e e e e e e 14
3 ARC2SPMController . . . . . . o o o e e e e 21
4 Backpack SPM Controller . . . . . . . L e e e e e e e e e e e 26
5 SystemPowerUp . . . . . . e e e e e e e 33

[I Standard Scanner (S) . . . . . . . e 35
6 Standard Scanner OVEIVIEW . . . . . o v v v v vttt e e e e e e e e e 38
7 Tutorial: AC Mode in Air, Std. Scanner . . . . . . L . e e e e e e e e e e e e e e e 40
8 Cantilever Holder Guide . . . . . . . . . . e e e 69
9 FluidImaginginaDroplet . . . . . . . . . . . T2
10 iDrive Imaging . . . . o e e e e e e e e e e e e e e e e e e e e e 91
11 Conductive AFM (ORCA) . . . . . o o e e e e e e e e e e e e e e 106
12 Scanning Tunneling MiCroSCOPY . . . . . o o v v i e e e e 117
13 FastForce Mapping . . . . o o o o e e e e e 127
14 Surface Potential AFM . . . . . L L e e e e 154
15 High Voltage Techniques . . . . . . . . . o 0 e e e e e e e e e e e e e e e e e 159

[l Environmental Scanner (ES) . . . . . . . . 160
16 Environmental Scanner OVErVIEW . . . . . . o v v v o e e e e e e e e e e 163
17 Tutorial: AC Mode in Air, ES . . . . . o e e e e e e e e e e e e e 178
18 Cantilever Holder Guide . . . . . . . . . . o e e e 188
19 Cell Body and Sample Stage Guide . . . . . . . . . . e e e e e e e e e e e e e e 194
20 GasHandlingand Leak Testing . . . . . . . o o 0 e e e e e e e e e e e e 224

SYLUM
ESEARCH

an Oxford Instruments company support.asylumresearch.com Page ii


http://support.asylumresearch.com

Contents Contents

21 Tutorial: Fluid Imaging . . . . . . . o e e e e e e e e e e e 228
22 Tutorial: FM Mode in Fluid . . . . . . . o o o e 238
23 Glovebox Protocols . . . . . . L e e e e 251
24 HighVoltage . . . . . . . e e e e e e e e e 259
25 Electrochemistry Cell . . . . . . . L e e e e e e e e e e e e e e 262
26 Scanning Tunneling MIiCrOSCOPY .+« v« v v v v o e e e e e e e e e e e e e e e e e e e e 289
IV Video Rate Scanner (VRS) . . . . . . . e 298
27 Cypher VRS OVEIVIEW . . . . o o o it e e e e e e e e e 300
28 Sample Preparation . . . . . . ... 307
29 Cypher VRS Tutorial . . . . . . o e e e e e e e e e e e e 308
30 Cypher VRS Experimental Protocols . . . . . . . . . . . e e e e e e 325
V Chassis & Enclosure . . . . . . . 336
31 Tutorial: Scanner Exchange . . . . . . . . L L e 338
32 OPLCS . . o o e e e e e e e e 343
33 LaserSource Modules . . . . .. L L e e 346
34 blueDrive™ Photothermal Excitation . . . . . . . . . .. 354
35 Air Temperature Controller . . . . . . . . . L e 366
VI Set-up,Shipping, Maintenance and Troubleshooting . . . . ... ... ... ... ....... 387
36 Shipping or MOVING . . . . . . o e e e e e e e e e e e e e e 389
37 CypherSetup . . . . . o e e e e e e e e e e e 390
38 Troubleshooting and Maintenance . . . . . . . . . . L. e 391
VlIBibliography, Glossary, and Index . . . . . . . . . . .. ... 395
INdex . . e e e e e e e 398
SYLUM
ESEARCH

an Oxford Instruments company support.asylumresearch.com Page iii


http://support.asylumresearch.com

Contents Contents

Introduction

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

AR Software Version Itis assumed that AR Software version 13 or later is instiadie your system. To download
the latest software, please register at our supportisitep: //support .asylumresearch. com.

Getting Help There are many ways to get help with your Asylum Researchunmstnt, and it is always free:

Join the support site and download software, current manaad ask questions in our user forumzp: //
support.asylumresearch.com. Note that all Asylum scientists are forum members and fee¢aontrib-
utors.

Contact us ahttps://afm.oxinst.com/Support-US

Call your local office or distributor.

Call us at +1-805-696-6466. During US west coast businessstyou will get a human being to speak with.

After hours you still have a good chance of catching one ofsoigntists. Within the US you can call our
toll free number if you wish (1-888-472-2795).

If necessary we can initiate a remote session and have oaerdfcientists operate your AFM over the
internet.

Updates to the Manual Bundled with the software updates.

Send Feedback Send e-mail tsba.manuals@oxinst.cofx— clickable link) and mention which version of the
user guide you are using and what chapter and section youneotmng on.
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Part |

System Overview & Powering Up

Who is this part for?  After the Cypher SPM has been installed in your lab and yosdareone in your facility)
have completed the initial training, this part of the useidgwvill review the main parts of the instrument and
software. Instrument power up is also covered.
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Ch. 1. Safety Precautions

1. Safety Precautions
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During normal use, the Cypher SPM poses no harm to the opei¢wertheless, there are potential dangers in
and around the instrument. Please read this section cligrefulnderstand where the potential dangers lie before
attempting to use the Cypher.

1.1. Safety Label Explanations

Specific examples of each warning label on the instrument@rered in the next section.

Description Warning Label

Pinch Point:
Avoid placing hands in these areas.
In case of unexpected motor

movement, injury could result.
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Description Warning Label

High Voltage:

\oltages of up to 165VDC can be
present on these connectors.
Always turn off the ARC2
controller power (Se€igure 3.2 on
page 22 before connector or
disconnecting cables.

Laser Product | (~oiAss TiRsen PrODEE ]
The Cypher AFM is a Class 1 laser This prosuce complies with IECIEN 60825-12014.05
product, posing no danger to the i e

user and requiring no safety Pt 10010 w4 104011 smap o dodions
eyewear or laser training to operatle. | [ftie e teir i 5 due hne i 2007

1.2. Motor Safety

The Cypher SPM contains six motors which direct the lasembaad move the objective lens and cantilever
holder into position. All the motors are highly geared and geanerate powerful torques that could seriously
pinch a finger, possibly break a bone. The most important ngoparts to be aware of, from a safety perspective,
are the cantilever holder and the objective lens, along itstlcarriage. Always keep your hands clear of the
Cypher when performing any software or manually controitextor moves.

1.2.1. Avoiding unsafe situations

» Familiarize yourself with potential pinch pointd=igure 1.1 on page dicates the areas of concern:
directly under the objective lens and cantilever holdethatedges of the scanner module, and both above
and below the two cross-roller bearing stages.

« It is advisable to always leave the optics cover in placem®eng it will expose additional areas where
one could get pinched.

< Operate motors only with the enclosure door closed.

1.2.2. How to stop the motors

In case of an emergency, the motors can be stopped in one flliheing ways:

» The motor control knob at the lower front of the Cypher canused at any time to override computer
commandeabijective lensor cantilever holder motor moves. Turning the knob willimmediately stop any
current motor moves and will transfer control of both thetdewer holder and objective motion to the knob.
Note that turning the knob always moves BOTH the cantilewtdtdr and the objective lens simultaneously.
This means that if you were to have your finger pinched betwezcantilever holder and the objective
lens, the best way to release your finger would be to use tihearefto motor the objective lens upwards
while leaving the cantilever holder stationary.
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Ch. 1. Safety Precautions Sec. 1.3. Light Source Safety

Figure 1.1.: Areas to avoid in particular when motors are driving the objective lens or cantilever holder. Tinted parts
can move as shown by the arrows.

1.3.

Press and HOLD DOWN the&sc’ on the PC keyboard. This will always stop any automated nrotmres.

Turn off the ARC2 controller. This is not advised since itlwibt allow you to use the knob or software to
control the motors and manually move them to a safer position

Unplug the power brick, which is connected to the Cypheiis Power brick supply feeds the motors. As
was the case with turning off the controller, cutting powéli stop the motors but will not give you any
quick method for moving the motors to a safe position.

If the power is cut and you must move the objective, you cachénside the enclosure and feel for a wheel
at the lower left hand side near the rear of the Cypher chaghis wheel turns the motor manually. Ten
turns are required for every millimeter of objective motidmurn clockwise to move the objective DOWN
and counter-clockwise to move the objective UP.

Light Source Safety

Use of controls or adjustments or performance proceduhes tian those specified

Caution . . .
herein may result in hazardous invisible laser energy exgos

1.3.1. Non-visible Laser Diode or Super Luminescent Diode L ight

The Cypher SPM contains a laser diode (LD) or super luminggtiede (SLD) light source. Superluminescent
diodes are like lasers, but have a shorter coherence lergthof the writing of this manual all Cypher light

an Oxford Instruments company
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Ch. 1. Safety Precautions Sec. 1.3. Light Source Safety

sources have an output of several MW around 850 nm, whichnis/isible. From a safety perspective LDs and
SLDs can be regarded as identical and the terms will be usetirangeably.

The Cypher laser is sufficiently well shielded that the CypBEM qualifies as IEC Class 1 laser product that
complies with 21 CFR 1040.10 and 1040.11, except for denatpursuant to Laser Notice No. 50, dated June
2007. Complies with IEC/EN 60825-1, 2014-05 Ed. 3 and IECADE25-1:2007-03 Ed. 2.0.. In layman’s terms
this means the Cypher SPM is in the same class as a home DVBrpéad in a safer class than a laser pointer.
When used as prescribed there is no danger of exposure. iddess, it is still good to have an understanding of
the laser in the instrument and the safety features.

CLASS 1 LASER PRODUCT

This product complies with [EC/EN 60825-1:2014-05
ed. 3.0 and IEC/EN £0825-1:2007-03 Ed. 2.0.

This product complies with 21CFR Subchapter |
Parts 104010 and 1040.11 except for deviations
pursuant to Laser Notice No. 50 dates June 27, 2007.

b

Figure 1.2.: A class 1 laser product (IEC 60825-1:2014-05 and EN60825-1:2007-03) is safe under all conditions of
normal use.

1.3.2. The Detection Laser Optical Path

Understanding the laser optical path is the best way to eethes possibility of harmful exposure to non-visible
light, which may cause eye damagregure 1.3 on page $hows a simplified picture of the laser optical path. The
light originates inside the removable laser module, thdlects via a mirror (called the “hot mirror” because it
reflects infrared light while transmitting visible light)to the objective. The only place a person can be exposed
to the light during normal operation is where the light exite objective. As you will see in the next section,
there are numerous interlocks to make the possibility obsype very low. Still, here are a few things you should
avoid:

« The IR light source is always on, regardless of whether tlobosure door is open or closed. In some cases
the laser is turned off by software, or it can be turned offdiating the key on the ARC2 controller.

< While unlikely, it is possible to place a small mirror beltive objective and reflect the light in the direction
of the user. Even then the beam spreads rapidly and is notrpdwaough to classify the instrument dif-
ferently. Nevertheless, you should be aware of the factrtbatvisible light is coming out of the objective.

* Never remove the objective lens or you may void your wasraittcan also expose you to a collimated
invisible laser beam.

* Never change or remove the laser module without first tgroiifi the laser power key on the ARC2 con-
troller. Never look directly into a plugged in laser modufégure 1.4 on page)8

1.3.3. blueDrive Laser Information

Cypher S and ES systems can be optionally equipped with biveDAIl Cypher VRS models are equipped
with blueDrive. SeeChapter 34 on page 394r more background information. BlueDrive employs a 405 nm
blue Laser which follows the same path as the IR light sousseidbed in the previous section. Because of the
intensity of the light, the blue laser can only be on when thdasure door is closed.
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Figure 1.3.: Simplified laser path. Removing the optics cover exposes the hot mirror and laser module. The non-
visible laser light originates in the laser module and comes out as a collimated beam. The collimated beam is reflected
off of the hot mirror and into the objective lens, which focuses it onto the cantilever. During normal operation the only
place a person can be exposed to the light is where the light exits the objective.

There is a blue LED on the front of the blueDrive filter cubeme(Sigure 34.1 on page 3%4This LED should
only be illuminated when the enclosure door is closed. If gaer see this LED illuminated when the door is
open, please contact customer service immediately andistog the instrument.

While nearly all of the blue laser beam never leaves thecadnbath inFigure 1.3 on page, There is small chance
some fraction of light could be directed toward the AFM operaTo prevent this, the glass on the enclosure is
yellow, blocking all 405nm light.

1.3.4. Laser Switches and interlocks

Cypher has various switches and interlocks which contmktiate of the lasers. Understanding their function is
a important part of using Cypher safely. There are threelotks which control the lasers on Cypher.

1. The door interlock, which turns off the blueDrive laser wihlkeea enclosure door is opened.

2. The blueDrive filter cube interlock, which turns off the bliréve laser when the filter cubes are removed.
Typically this has no effect since the door interlock wilkiealready turned off the laser, butin cases where
this interlock has been tampered with and overridden, tter filbe interlock offers extra protection.

3. The source module interlock. In case the user does not tiith@fARC2 power when exchanging source
modules (se€hapter 33 on page 3%& magnetic interlock cuts power to the IR laser or SLD ingberce
module before it is fully removed from its cradle.

The text and figures below cover some scenarios where theugnterlocks play a role.
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Mevarlook 1m0 oowered lasar
rrdule. Men-visible light presant.

Figure 1.4.: Light source module removed from the Cypher AFM. During the removal process it is possible to tamper
with safety overrides in such a way that collimated light shines out of the module. As a safety precaution, never look
directly into the module while its power cable is attached (power cable not shown in this image).

Turning Lasers Off:

* If there is ever any reason to turn lasers off,
do the following:

1: Turn the laser key on the ARC2 controller to
1. | the OFF position. This will leave all other systems
operating.

2: Turn off the power to the ARC2 controller.
This will cut power to all lasers, and many other
systems as well..

YLUM
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2.
Rubber seal
SAFE: Normal operation with the door open
 With the door open, interlock 1 turns off the blueDrive déation laser.
» The IR detection laser is always on, but safe to view withuhprotected eye.
 Typically nearly all of the light travels down to the sampled immediately back up into the
Cypher optics.
3.
s
Rubher seal
SAFE: Normal operation with the door closed
 With the door closed, interlock 1 allows the blueDrive latgeactivate.
 Typically nearly all of the light travels down to the sampled immediately back up into the
Cypher optics.
» Any additional blue light is absorbed by the yellow filter e door.
SYLUM
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250 em 12 A

IR laser safeta
_View under any
Lagircumstance

Rubber seal

SAFE: Sample with reflective edge, door open

 With the door open, interlock 1 turns off the blueDrive ¢ation laser.
* In rare cases a sample might have a reflective beveled edge.

» The Cypher IR detection laser power is low enough to be paielved with unprotected eye,
even in this worst case scenario.

Yellow window
Blocks blue light

Rubber seal

SAFE: Sample with reflective edge, door closed

» With the door closed, interlock 1 turns allows the bluelriaser to activate.
* In rare cases a sample might have a reflective beveled edge.
» The Cypher IR detection laser is still safe to view.

» The Cypher blueDrive excitation laser light is fully blazkby the yellow filter on the window.
It is safe to view the sample without protective eyewear.
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6.
Rubher seal
SAFE: Removing blueDrive filter cubes
» As soon as a blueDrive filter cube is removed, gold plated flimerlock 2) break contact with
the cube. The blueDrive laser turns off.
 Since the cube is only accessibly when the door is operr|date2 is only additional
protection for Oxford Instruments service personnell whayraverride Interlock 1 during
certain tests.
 In any case, it is safe to look into the lenses behind the filibe.
7.

—
Rubher seal

UNSAFE: Overriding the door interlock

» The door interlock switch should not be depressed.
* When depressed the blueDrive laser can be ON while the dagran.
» This may only be done by Oxford Instruments service persbnn

* You may be exposed to class 3B 405nm radiation, up to 20m\¥.cem lead to permanent eye
damage.
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R :Jﬂ

&
Rubber seal

SAFE: Removing blueDrive filter cubes

* Removing the laser source module is describeBdntion 33.2 on page 348

 This operation should only be performed with the systemgrdwrned off. In case this is
forgotten, interlock 3 turns off the IR detection laser befib is removed from the cradle.

* Itis safe to look into the lens of the source module. Noterétis also a red LED (Off in the
photo above, as it should be) that indicates if the IR lasenis

* NOTE: The photo has the system power turned on, just for detnation purposes. The
system power must be off when performing this procedure.

UNSAFE: Disassembling the enclosure:

» Do not disassemble the enclosure. This is
only intended for Oxford Instruments
service personnel.

9. » The door interlock will not protect against
removal of enclosure parts.

e There are no user maintainable components
that can be accessed by tampering with the
enclosure.

-
Ruhber seal

1.4. Power Supply Safety and Thermal Management

1.4.1. High Voltage

The voltages inside the Cypher SPM are as dangerous as tfesanpin a standard wall socket; therefore, you
should respect all of the components under the instrumestsas you would a wall socket. Never touch anything
or insert anything conductive under the instrument cov&iso, the piezoelectric actuators in the scanner have a
large capacitance and can hold charge for many minutesthéteicanner is disconnected from any power supply.
For this reason never touch the scanner connector, unldsssitbeen unplugged for at least 10 minutes.
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The Cypher SPM and ARC2 controller contain internal voltagpe to 165VDC, 0.5A.
Warning Use caution when handling system pieces to avoid eleciripaly. These voltages may
be lethal.

1.4.2. Fuses

Adhere to the fuse ratings appropriate to the main supplgagellisted on the back side of the ARC2 controller.
Not following the recommended ratings may cause the ingtnirto overheat or sustain damage.

1.4.3. Overheating

Keep the backside of the ARC2 clear. Cool air is drawn intohtbat sinks on the back of the ARC2 controller
and two fans exhaust warm air from the same place. Obstguatiy part of the ARC2 back will cause power
supplies and electronics to overheat.

Keep the top of the Cypher SPM backpack clear of items. Thkgdaak is passively cooled and requires all the
heat fins on the side and top be in open air. Don't place papsotebooks on top of the backpack.

1.5. Instrument Specifications

1.5.1. Weight

The Cypher instrument is made of many heavy metal parts. Beaped to have two people on hand whenever
lifting of the empty enclosure is required. If you are thimfiof lifting or moving the instrument (even a few
inches) you MUST first contact Asylum Research or your imagnt will be damaged and you will experience
downtime and incur costs.

Note Even the scanner module is quite heavy. Be prepared to stippareight as you pull it from the support
rails.

1.5.2. General Specifications

Cypher is a product of Asylum Research, an Oxford Instrum€&atmpany, which can be found at 6310 Hollister
Ave, Goleta, CA 93111.

The Cypher SPM is designed to be run inside a laboratoryngetfihis means ideally the room is clean, quiet,
and temperature and humidity regulated. Under no circumstashould a system be set up outdoors!

1.5.3. Voltage Ratings

The Cypher SPM will run on 100-240V but is factory configure@dperate at only one voltage. Contact Asylum
Research if you need to have your input voltage changed 6050, and a maximum of 400W. This information
can be found on the back side of the ARC2 controller. Skeapter 3 on page 21

User input and output connection ratings.

 For inputs on the ARC2 controller, s€&hapter 3 on page 21
 For inputs on the back of cypher (backpack) Sdmapter 4 on page 26
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2. System Overview

CHAPTERREV. 2106,DATED 09/18/2019, 12:37.

Chapter Contents
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2.1. Basic Cypher SPM Hardware

BWERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Before starting the tutorial, the user should be familighwihe names and functionality of each of the components
of the Cypher. Don’'t worry if you don’t understand everyitin this section; the main goal is just to get familiar
with the basic purpose of each component of CypRigjure 2.1 on page 1ghows a typical set-up for the Cypher
SPM. The top-level components are the computer, the ARCRalter, and the microscope itself.

Cypher Microscope

ARC2 Controller

e

Computer

Figure 2.1.: Ideally the Cypher SPM is set up as shown, with the controller and computer on one table and the
microscope on its own table. The air temperature controller (ATC) is not shown here. Please see Chapter 35 on

page 366 for more information.

SYLUM
ESEARCH

an Oxford Instruments company

support.asylumresearch.com Page 14


http://support.asylumresearch.com

Ch. 2. System Overview Sec. 2.1. Basic Cypher SPM Hardware

Computer The Computer is the primary interface for controlling thdicroscope its main communication is
via a USB1.1 connection to thefRC2 AND via USB 2.0 directly from the computer to thgackpack See
Section 38.2 on page 3%94r recommended USB ports to use.

ARC2 The ARC2 (Asylum Research Controller 2)is what is colloquially referred to as “the controller”. It
houses power supplies and the necessary electronics ftottimg the scan motion and acquiring image data
from the microscope. To learn more about ARC2 and its functions, please refer@hapter 3 on page 21

Microscope The Microscopeitself, where the actual imaging takes place, isdbee of the AFM system. Al-
though the computer, controller, and microscope all coseptive Cypher, the microscope itself will often be
referred to as the Cypher.

The microscope is comprised of five basic componentskggee 2.2 on page )5enclosure, chassis, camera,
scanner, and backpack. The enclosure and chassis are cotrabwersions of the Cypher. In contrast, the
scanner, the backpack, and camera are designed to be maddlaasily interchanged by the user.

Camera

Backpack

Enclosure

Objective

‘j‘

Scanner

(a) Front View. In this image the enclosure door is open (b) Rear View
and the scanner is partially pulled out.

Figure 2.2.: Cypher parts basic nomenclature

Enclosure The primary function of th&nclosureis to isolate the imaging portion of the microscope from acou
tic noise such as talking or music. Acoustic noise can causentechanical components holding the sample to
move, thereby showing up as noise in the microscope imadessdcondary role of tHenclosureis to provide a
local environment for the microscope itself, in which thenperature can be controlled. Keeping the microscope
at a constant temperature is important for maintaining{tarm control of the relative position between the can-
tilever and the sample. The air temperature controller (NB@ Cypher option that can be used to maintain the
temperature inside the enclosure. To learn more abouEmiotosure and its options, please refer Rart V on
page 336

Chassis TheChassisis the central structural unit supporting the scanner, canand head. While the scanner
and camera are modular units designed to be interchangdtkhyser, théHead is just a sub-assembly of the
chassis and is permanently attached toGhassis The Head is responsible for the detection of the cantilever
deflection and has integrated motors that allow the userttnaatically position the laser spot onto the cantilever.
Theobjective lensattached to the head has two important functions: it foctisetaser light onto the cantilever
and works with thecamerato create an optical view of the sample. To learn more abauttiassis and its
options, please refer t@art V on page 336
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Ch. 2. System Overview Sec. 2.2. Parts List

Camera The camera (also called the View modul€’) is a user changeable module that provides a top down
optical view of the cantilever and sample. It is comprisedadfibe lens, Koehler illumination with an LED
source, and a digital camera. The camera module uses thetiebjiens in the head to create the optical view.
The standard camera module has a bright field reflected glaidgy and has a 690um by 920um field of view
with sub-micron resolution. Depending on the applicattbe,view module can be swapped by the user in about
10 minutes, but requires Allen wrenches to complete.

Scanner The primary function of th&Scanneris to move the sample relative to the cantilever during imggi
and other measurements such as force curves. There arasradanner modules which excel at various tasks.
The Cypher scanners are “sample scanners”, which meanetatve to the room that the microscope is sitting
in, the cantilever is stationary and the sample moves. Taersr is a modular unit that can be interchanged by
the user depending on the application. The scanner modddsmaed on a flexure design that uses piezoelectric
stacks to move the sample up to 30um in XY and 5um in Z. The skagriunction of the scanner is to provide
motorized course positioning of the cantilever relativarie sample in the Z-axis. Theantilever holder is

a component of the scanner that physically holds the castilduring imaging. There are different cantilever
holders for air and liquid operations, and there are alsdi@n specific holders for techniques like scanning
tunneling microscopy (STM), se@hapter 12 on page 11Each scanner type has its own family of cantilever
holders and other accessories. The available scanner esoald:

* The Standard scanner, describeart Il on page 35
e The Environmental scanner, describieatt 11l on page 160
e The Video-Rate scanner, descritfealt IV on page 298

Backpack The Backpackis located on the rearside of tlsnclosure It houses a very powerful set of digital
and analog electronics that greatly extend the functipnali the ARC2 controller. Just like thédRC2, the
Backpackhas ADCs, DACs, BNC connections, and a CrossPoint switchedim more about thBackpackand
its functions, please refer tohapter 4 on page 26

Q Why is there both a Backpack and a Controller? Isn’t the Backpedundant since there is already a
controller?

A In atypical AFM design, most of the electronics housed inBlaekpack would be located in the Con-
troller. The Backpack, however, moves these electroniasetito the microscope; Cypher is able tq
achieve such low noise levels in part because of the proxib@tween some of its electronics and the
actual microscope. Keeping these low noise electroniereat to the Enclosure balances noise perfof
mance with the management of the heat generated by elexgroni

O

AFM or SPM? What is the difference?

A AFM stands for Atomic Force Microscope. It scans a cantilexer a sample to generate an image.
SPM stands for Scanning Probe Microscope. It is the morergeral encompassing term, which
also includes techniques that image using non-cantilenaygs such as sharp metal needles (Scannipg
Tunneling Microscopy), optical fibers (NSOM) or tiny hollogtass tubes (SICM). Since Cypher is
capable of both AFM and STM, it is classified as an SPM. You negyGypher referred to in the context
of an AFM when its AFM-like functions are being described.

2.2. Parts List

The contents of the accessory kit which accompanies Cypisgium Inventory Number 900.110.1. These parts
accompany the AFM irrespective of the type of scanners yoohaised.
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Sec. 2.2. Parts List

Itm Part # Item Description Qty Picture
15mm AFM Specimen Disc. Also
1 080.122 | available from Ted Pella, part 50 .
number 16218.
2A Tweezer, SA Tapered Round
2 290.101 Blunt, Standard Grade. L
7Tweezer, SA Curves Sharp,
3 290.102 Standard Grade. 2
3A Tweezer, Extra Fine Sharp,
4 290.103 Standard Grade. L
5 290.139 Hex Driver, 1/16” Small Handle. 2
6 312.003 Renishaw Encoder Readhead 1
Spacer (0.8mm).
7 803. OLY. | Olympus Cantilevers, Model AC 55 5
AC55TS | TS.
8 §E3A(CJBI) Olympus Biolevers (Mini): Model 10
BL - AC40TS.
TS
9 Eg‘;(;\lv\\l/v _ | Nanoworld Cantilevers, Model: 5
UHF AUD ARROW UHFAuD
The scale in the photos is in cm and mm.
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Ch. 2. System Overview Sec. 2.3. The Igor Pro Software Enviro  nment

Itm Part # Item Description Qty Picture

AR calibration Grating - Steel Puck

10 900.237 Mounted. 1
1-72 x 3/16” screw, spares. Fastens
1-72 x 3/16” the cantilever holder onto the

11 standard scannes{ep 6 on 5
SHCS SS page 42 and also fits the cantilever
holder changing stations.

The scale in the photos is in cm and mm.

2.3. The Igor Pro Software Environment

The Asylum Research software is primarily written withire throgramming environment of the commercially
available software package Igor Pro, which is developed layaMetrics. Igor Pro itself has nothing to do
with scanning probe microscopes. Rather it is a stand alovgram that has extensive scientific graphing, data
analysis, image processing and macro programming catedili

The “Volume | - Getting Started” manual found on the WaveMsstwebsite
(www.wavemetrics.coirtakes two to three hours to complete and is an excellent way t

Tip learn about the basic graphing and analysis functionalityar Pro. Although it is not
necessary to complete the Igor Pro portion of the “Gettiragt&t” manual at this time, it
is a highly recommended part of all new user training.

When you launched thvéE software you opened an Igor Pro “Experiment” in which extfivgare specific to
the operation of the AFM has been loaded. An Igor pro expetrtrisehe file that saves the state of Igor Pro.

Refer to the screen shot Figure 2.3 on page 18s we introduce the various controls and data displays.|We'l
go clockwise from the upper left. (Note that if you are viewihis file on a computer, you can zoom in on the
screen shot for further scrutiny.)

Master Panel Upper left hand window (Ctrl + 5). It has five tabs with congrahd data displays for:
Image AFM imaging, seeChapter 7 on page 40
Thermal Cantilever thermal spectroscopy.
Force Cantilever force versus distance curves.
Tune Cantilever vibrational tuning, segection 7.3.2 on page 55

Fmap Maps of force versus distance curves.

Master Channel Panel (Ctrl + 7) During imaging, multiple data streams, such aghgicantilever amplitude and
phase, return from the AFM to the computer. This panel casti@iformation about those data streams and allows
for some real time scaling and processing.
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Ch. 2. System Overview Sec. 2.3. The Igor Pro Software Enviro  nment

Image Windows Image Windows Image Windows

Status Bar

Figure 2.3.: Typical start-up screen for the Asylum Research SPM Software. A few image panels have been cut off
in this figure. Usually they are found across the second monitor of your system.

Igor Command Window  (Ctrl + J) Not shown. The Igor Command window has two partg history and the
command line. On occasion items executed by clicking saftvbaittons will generate output and print it to the
history. It is not a bad idea to keep tabs on what is being @diinito the history, especially if you are tracking
down software bugs. Advanced users will use the commanddirtirectly execute a variety of tasks. If you
followed the Igor tutorial recommended in the Tip on pa@e/ou will know how to use the command line. The
Igor Command Window always has the name of your current éxyeit, which you can also see at the top of the
border of the software window.

Sum and Deflection Meter  (Ctrl + 6) This is a real time display of various channels sasltantilever sum and
deflection, piezo voltage, amplitude, and phase.

Engage Panel (Ctrl + 8) This panel controls the entire process of the ¢awei approach to the sample. Its three
tabs control:

Approach Motorized approach of cantilever and microscope objed¢tweard the sample.
Detector Centering of reflected light beam (laser or SLD) onto theagptiletector.

Prefs Preferences for the engage process such as approach spesgzpapach step size.

Real Time Image Display This is an example of an image window, in this case displatfiegndividual lines of
the sample topography as the cantilever moves left to rigiat ihe sample. There is usually one such window per
active tab in theMaster Channel Panel’ (Lower left hand window). The amplitude and phase data wirglare

to the right of this clipped screen shot. While this panelrimarily a data display, right clicking with the mouse
can activate various commands suclzasm’ and‘Translate’. The white area at the bottom of this window shows
a real time oscilloscope view of the most recent line of imdaa.

Scope Graph This oscilloscope view shows a graph of the most current BoanBoth trace and retrace can be
selected on thevaster Channel Panel'.

Q Oops! I accidentally closed one of the control panel windadew do | get it back?

A You can reactivate the panels i&M Controlsin the top menu bar.

A few other things of note are:
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Ch. 2. System Overview Sec. 2.3. The Igor Pro Software Enviro  nment

Menu Bar Along the top of the screen. There are many more controlstwdaa be invoked by items in the menu
bar. Menu items to the left are typically standard Igor Peanis, with some Asylum Research functionality. ltems
to the right of “help” are exclusively SPM related. In pauiir, theAFM Controls menu item is a complete list of
all real time controls and the&FM Analysis menu item is a complete list of all offline controls.

Status Bar Along the bottom of the screen. Icon controls relate to thtustof connected instrument components.
The low level software version is also displayed. E-mail

We won't dwell on the purpose of all these controls but wib@eed with the general process of imaging a sample.
This will necessarily cover the most pertinent softwaretaals.

Note that nearly each individual item in the software caiemels has a small question

Tip mark button next to it. Click the button to read the relevaart®of the software help file.
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3. ARC2 SPM Controller

CHAPTERREV. 1970,DATED 10/06/2017,17:13. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents
3.1 PartsLiSt . . . . o e e e e e e 21
3.2 CONNECIOIS . . . . v v o e e e e e e e e e e e e e e e e e e e 22
3.3 userinput/output connections . . . . . . . . . . L L e e e e e e e e e e e e e 23
34 FUSES . . . o o i e e e e e e e e e e 23
3.5  SystemDiagram . . . . . . L e e e e e e e e e e 23
3.6 Lowlevel SIgnal ACCESS . . . . . v o v i e e e e e e e e e e e 23

Figure 3.1.: The ARC2 Controller with Hamster extended and BNC connector hatch open.

3.1. Parts List

The following lists all the parts in your accessory kit. Théle is useful as a visual table of contents with links
directing you to the specific uses of each part. When ordgramts, please refer to the part numbers in the second
column.
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Itm Part # Item Description Qty Picture

——— - R —

1 Laser Relay Plug 1

o7

The scale in the photos is in cm and mm.

2 Laser Relay Key 1

5PM CONTROLLER
ARC2

Expansion

Microscope
off

R - C

Laser Power

Figure 3.2.: Front view of the ACR2

3.2. Connectors

Back (see3.3):

* AC line input (100-240V depending on factory configurati6f-60 HZ, 400W max)

* AC output (150W) connected to the external power supplytierbackpack controller.
e USB 1.1 to be connected to the computer

< and a laser interlock jack (contact asylum support on i€y us

Front :

« alarge connection to the SPM

< and a smaller DB25 expansion connection for various AsyResearch accessories such as the digital
interface modules discussed below.
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Ch. 3. ARC2 SPM Controller Sec. 3.3. user input / output conne  ctions

3.3. user input / output connections

Various BNC connectors are located behind the door on that wbthe ARC controller. Se€&igure 3.1 on
page 21

The front of the ARC2 controller is equipped with 15 BNC coactiens (all various analog functions, rated +/-
10V), a 3.5mm audio jack,

3.4. Fuses

The controller is protected by a number of fuses on the mantipower feed. If your system is not working
properly after a power surge or a similar electrical evenytaar lab, you may wish to check the fuses. If you see
that one or more of the fuses is damaged, replace with a like @art. All fuses are "Slow blow" or "time Lag"
type. Please note the current rating on the fuse itself ohetatbel on the back of the controller.

To remove the fuse for inspection, use a screw driver or tige @f a coin to rotate the slot on the inside of the
voltage selector 1/4 turn counter clockwise. Please cotisellback of your controller to find the specific fuse
information. It can vary from instrument to instrument, daging on when it was manufactured.

For newer models of ARC2 controller the voltage selectoesarlonger present (voltage is set at the factory, but
can still be changed by a field service technician) and fuldeh®are clearly marked on the back of the controller.

WARNING: For continued protection against risk of i

rezlace ony with the same type and rating fuses ACEUL T e hx

WARNING: Unplug porwer cord biefare INPUT oov | azov | 220v I 2400,
changing voltage selectors or fuses

FUSE 1 3 AMP 15 AMP

AC Inp 0y
250W Mix FUsE2 280P 1 AMP

Ho user serviceable parts inside FUSE3 035 AMP 0125 AMP

c € FusEa 1 AP 05 AMP

Al fuses: 250, Time Log, Srmim X 20mm

Figure 3.3.: Back view of the ARC2

3.5. System Diagram

3.6. Low Level Signal Access
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Sec. 3.6. Low Level Signal Access

Ch. 3. ARC2 SPM Controller
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Ch. 3. ARC2 SPM Controller Sec. 3.6. Low Level Signal Access

“TTTTTTTYy
DIGITAL ACCESS MODULE

PORT 1 PORT 2
PIXEL LINE

PORT 4
PHOTON

YLUM Extended Digital
ESEARCH Interface Module

(a) Digital Access Module. (b) Extended Digital Interface Module.

Figure 3.5.: Options which allow access to low level ARCs signals.
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4. Backpack SPM Controller

CHAPTERREV. 1970,DATED 10/06/2017,17:13. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
Chapter Contents
4.1 Inputand Outputconnectionsand ratings . . . . . . . . o . o e e e e e 27
411 UserlO . . . . e e e e e e e e 27
4.1.2 Rear backpack connections . . . . . . . . . . . . e e e e e e 27
4.2  SystemDiagram . . ... . e e e e e e e e e e e 29
4.3  CrossPoint . . . . L e e e e 30
4.3.1 Decoding the CrossPoint . . . . . . . . . . . e e e e e e e e 30

Figure 4.1.: A Front view of the Backpack Controller.
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Ch. 4. Backpack SPM Controller Sec. 4.1. Input and Output con  nections and ratings

Figure 4.2.: Side view of Backpack Controller showing BNC connections.

4.1. Input and Output connections and ratings

4.1.1. User IO

There are three sets of BNC user input/output connectiotiseBackpack (seeFigure 4.2 on page 37

Power down the system before connecting or disconnecting Bables to prevent

Attention :
unexpected system behavior.

5 Analog Input (rated +/-10V),

5 Analog Output (rated +/-10V)

5 Digital I/O (rated 0-5V)

One headphone jack for use with standard audio headphanieg dystem troubleshooting.

4.1.2. Rear backpack connections

Power down the system before connecting or disconnectinig&#o prevent system
damage and electrical shock hazards.

 Large cable to the ARC2 controller,
e Computer USB 2.0,

* motor power (included with system), the other end of whichyrplug into an AC wall outlet, or the AC
output on the ARC2 controller.

e Cypher Air Temperature Controller (optional),

» Expansion port (intended for approved Asylum Researchssaries only). Note this port has high voltage
(165VDC) behind it and should only be removed by trainedisergersonnel.
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4.2. System Diagram
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Figure 4.3.: System Diagram including the ARC2 CrossPoint Switch.
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Ch. 4. Backpack SPM Controller Sec. 4.3. CrossPoint

4.3. CrossPoint

The left two columns in th€rosspoint Panelare for all signals passing through the CrossPoint in thekBack.
The right single column is for all the signals passing thitotige CrossPoint in the ARC2.

8| Crosspoint Panel ==
e InA Ground [x] O @ | ggContPogoino Hoden  [=] @ | o InA| FiterOut =] O3
- InB Ground E [0 @ | ggContPogoint HolderInl [=] Py Ing Ground =] O @
=) Inc| Ground [r] O ® | g bdorive Ground [=] & InFast ACDefl ] Oo®
im  InFastal Defl ] D@ | & Ewouo Ground ] O@ | g maomset Ground =] D@
#m  InFastB ACDefl [z] T @ | @ Exoouti Ground [z] O @ | gg InBOfMmset| Ground ] oD@
g=  Coniinx sum [z] 0@ |g& Exout Ground [x] O @ | gy InFastofiset Ground [x] E
g  ContnY| Lateral z oR| & Matho Ground (=] g  OutxMod off [=]
= contnz| eound [ B @ | @ Matn1 Ground [=] fn  outyMod| off (=]
o zzhv/| Ground E P | & Math2 Ground [] gm OutzMod| off [=]
& Prmnv Ground = 00| & Math3 Ground (=] o Filterin Defl [z]
g  BNCOuto Ground = B2 |& Mathd Ground [zr] © @ | gg BNCOuD DDS =] B
&x ENcoutt eownd  [+| [0 @ | & Headphone Ground ] O® | g Bncout] Ground ] OE
g BNCOut2 Ground [x] O @ | g  Semple| contpogoout [+] £ @ | &  BNCOUutZ| Ground =] D@3
gm BNCOut3 Ground [z] O @ | gg Holderouto contchp  [=] [ #@m Pogoout Ground [zZ] DR
#m BNCOutd Ground [z] O ® | g Hoideroutt Ground [] = Chip | Ground [x] OE
im  ContDen Defl [x] O @ | g Holderout2 Ground [=] =3 Shake | Ground ] Oe
[ write Crosspoint | @
Current Status State @
PFMMeter Standard  Loaded
[ saveWave | [Load settings v @
| LoadScan | | LoadForce | Reset | @
Crosspoint | Crosspoint |
fm 1o Auto Change Crosspoint @

Figure 4.4.: Backpack & ARC2 CrossPoint set up for standard PFM mode.

4.3.1. Decoding the CrossPoint

The CrossPoint and signal routing in general can becomenadoé complicated on the system when the Backpack
is present. In this section we will “decode” some of the named aliases you will encounter in the various
columns and rows.

Left Column Outputs  [Backpack]

InA, InB, InC 18-bit 2 MHz ADCs. Signals on these paths will be accessijleclading “cypher.input.a”,
“cypher.input.b”, and “cypher.input.c”, respectively.

InFastA, InFastB, InFastC 16-bit 80 MHz ADCs. Signals are accessible by reading “cyjffasta” and
“cypher.infastb”.

ContinX, ContinY, Continz  Connections to the ARC2 that were originally used for regdire LVDT (sen-
sor) signals. Now the LVDTSs are read by the Backpack and tbleaenels can be reused.

ZZHV, PFMHV Connected to the inputs of the optional (non-standard)hidtage ampltifiers in the in Back-
pack. ZZHV is unipolar (-10V to +150V) [and so far unused.]MR#V is bipolar (+150V) and used for
applications like PFM.

BNCOut0, BNCOut1, BNCOut2, BNCOut3, BNCOut4  Output BNCs on the Backpack.
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ContDefl Connection to the Deflection input of the ARC2. Signals rdutere can be accessed by selecting
“Deflection” in the right column, which is the ARC2 CrossPwoifhis connection path is served by a coaxial
cable in the Main Microscope Cable.

Center Column Outputs  [Backpack]

ContPogoln0, ContPogoliniSignal  Signal paths from the Backpack to the ARC2. Signals routealh
here can be accessed by selecting “Pogoln0” or “Pogolnlierright column, which is the ARC2 Cross-
Point.

bdDrive Drive voltage for controlling blueDrive output. In olderrggons of the SPM software this is called
“Unused”.

ExpOut0, ExpOutl, ExpOut2  Outputs to the labeled Expansion port on the rear of the Baadkp
MathO, Math1, Math2, Math3, Math4 Connections to the “math” circuits.

Headphone Connection to the headphone jack on the Backpack.

Sample Signal path to the top of the Cypher Scanner for sample bias.

HolderOut0 Connection to cantilever holder. Normally used for tip bis buffer, lower noise.

HolderOutl Connection to cantilever holder. Normally used for the shplezo. Has a 100 mA current
buffer.

HolderOut2 Connection to cantilever holder. Has a 100 mA current buffer
Right Column Outputs  [ARC2]

InA, InB  16-bit 100 kHz ADCs. Signals on these paths will be accesdilyl reading “arc.input.a” and
“arc.input.b”, respectively.

InFast 16-bit 5 MHz ADC. This channel has an additional LPF and iegipack into the DSP for the digital
lock-in. The digital lock-in is used to calculate the Phasd Amplitude signals. This output is also piped
into the “Fire Hose” (Thermal), as well as the USB banks. #dsessible by reading “arc.input.fast”.

InAOffset, INBOffset, InFastOffset ~ These channel signals are added to the InA, InB, or InFaatliohes as,
hence, offsets.

OutXMod, OutYMod, OutzMod These channel signals are added to the voltage applied t&,tNgor Z
piezos. Gain was originally set to 15x. After May 2012 gaitxsfor lower noise performance.

Filterin Inputto a 36 kHz LFP.

BNCOut0, BNCOut1, BNCOut2 Output BNCs on the front of the ARC2.

PogoOut Connection from the ARC2 to the Backpack CrossPoint inputrit®ogoOut”.
Chip Connection from the ARC2 to the Backpack CrossPoint inpatritChip”.

Shake Connection from the ARC2 to the Backpack CrossPoint inpairitShake”.

Right & Center Column Inputs ~ [Backpack]

off Completely disconnected; high impedence.
Ground Analog ground (0 Volts); quieter than the “Off” input signal

OutA, OutB, OutC, OutD  24-bit 1.25 MHz DACs. Write to “cypher.output.a”, “cypheutput.b”,“cypher.output.c”,
and “cypher.output.d”, respectively.

Defl The PD signal of the cantilever vertical deflection.
ACDefl The PD signal of the cantilever vertical deflection passealtph a 160 Hz high-pass filter.
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Sum The signal from the PD indicating the total amount of thetigitting it.
5VRef A5 \olt reference signal.

BridgeCur0, BridgeCurl A voltage signal proportional to the current passing thioting 2 H-bridges in the
Backpack.

BNCIn0, BNCIn1, BNCIn2, BNCIn3, BNCIn4 Input BNCs on the Backpack.

ContPogoOut  Signal connection from ARC2 “PogoOut” signal to the Backp&rossPoint. “PogoOut”
output is in right column.

ContChip Signal connection from ARC2 “Chip” signal to the Backpaclo&sPoint. “Chip” output is in
right column.

ContShake Signal connection from ARC2 “Shake” signal to the BackpacksSPoint. “Shake” output is
in right column.

HolderIin0, Holderin1 ~ Signal connections from the Cantilever Holder to the BackgarossPoint.

ExpIn0, ExpInl, Expln2 Signal connections from the labeled Expansion port on taeatthe Backpack to
the Backpack CrossPoint.

MO0+M1 A signal that is the sum of the MathO (M0) and Math1 (M1) ougput

M2-M3 A signal that is the difference between the Math 2 (M2) andhd4M3) outputs.
-M4 A signal that is inverted of the Math4 (M4) output.

OutE, OutF 16-hit 40 MHz DACs. Write to “cypher.output.e” and “cyphautput.f”.

DDSA, DDSB The direct digital synthesizer (DDS) signals on the Backpdtiey make sine waves.
Right Column Inputs  [ARC2]

off Completely disconnected; high impedence.

Ground Analog ground (0 Volts); quieter than the “Off” input signal

InA, InB, InC  24-bit 100 kHz DACs. Write to “arc.output.a”, “arc.outpit, “arc.output.c”, respectively.
Defl Signal connection from Backpack CrossPoint output “CofitDe ARC2 CrossPoint.

ACDefl Signal connection from Backpack CrossPoint output “Cofite ARC2 CrossPoint through a 160
Hz high-pass filter.

Lateral The PD signal of the cantilever horizontal deflection. Natrmected in the Backpack.

BNCIn0, BNCIn1, BNCIn2 Input BNCs on the front of ARC2. Originally these were ¥Qikputimpedance.
After Jan 2010 the input impedance is >2MM

FilterOut Output of the36 kHz LFP. See “FilterIn” signal.

Pogoln0, Pogoinl Signal connections from the Backpack CrossPoint outputsitRogoln0” and “Cont-
Pogolnl”. respectively.

XPT13, XPT14 Currently unused.

DDS The direct digital synthesizer (DDS) signal on the ARC?2. #kas sine waves (for AC Mode, Dual-AC,
etc).
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5. System Power Up

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Before you start the following tutorials, the system mustpbeperly powered up. This section will walk you
through the process.

Before you start:

« We assume you understand all aspects of running the Cypfedys(Chapter 1 on page)3

. SPM CONTROLLER
ARC2

Power up:.
In no particular order:

» Boot up the computer.

» Turn on the Cypher SPM by depressing the
power switch on the front of the ARC2
controller.

If everything is working correctly two different
green LEDs will be illuminated. The first LED is
located above the power switch on the ARC2 and
the second LED (labeled “power”) is located at
the front of the Cypher enclosure.

2. Double check that the laser key on the ARC2 controller is@@N position. The red LED labeled “laser
at the front of the Cypher enclosure should be illuminated.

3. Locate the shortcut to ttéE software on the desktop, and double click the icon to starstftware.

4. Now take a deep breath and count to ten while the softwairialings.

Make sure your fingers are clear from any pinch points beforeihg the motors
(SeeFigure 1.1 on page)5You can abort the homing process at any time by

Warning pressing and holding down ttesc’ key located at the top left corner of the
keyboard. If you abort the homing process before it is fimislyeu will not be able
operate the motors.
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. Igor Pro wants to know...

The engage motare have not been homed.
Find the engage motors' hame now’?

» Once the software has finished initializing, you will getraippt asking if you would like to
home the engage motors.

* If necessary, slide the scanner all the way into the chaG&ise the microscope enclosure
door. For safety reasons the motors cannot home unless ¢heetoains closed during the
process.

* Click “Yes'. You will hear motors moving during the homing process, whigll take about 20
seconds.

6. If you are new to the Cypher AFM system, please take the titafiich is appropriate for your scanner:

 For the standard scanner s€hapter 7 on page 40
 For the Environmental Scanner séhapter 17 on page 178
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Part Il

Standard Scanner (S)

Who is this part for?  After the Cypher S SPM has been installed in your lab and yosdimeone in your facility)
have completed the initial training, this part of the useidguwill be the principal reference for operating the

instrument. Although written with the novice user in minaperienced SPM users should complete the basic
imaging tutorial at least once before attempting to useitisisument.
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6. Standard Scanner Overview

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

The module dubbed “the scanner” contains the entire mecharfithe AFM except for the optical means for
detecting cantilever deflection. This includes:

« Actuators and sensors for closed loop XY scanning of theptam
* An actuator and sensor for the sample Z motion.
* A cantilever holder and mechanical means for engagingahélever with the sample surface.

Since Cypher’s scanners are whole AFMs unto themselvel,aanes with its own dedicated collection acces-
sories such as cantilever holders and sample stages. Invetinds, a cantilever holder for one scanner usually
does not fit onto a different scanner. Also, an expert usemefrmodel of scanner will not necessarily know
anything about operating another model.

This part of the user guide describes in many chapters thefuke Standard Scanner and its many accessories.
Once the scanner is exchanged for another, as descriligldaipter 31 on page 338 different part of the user
guide will need to be consulted. Typically the first user ofeavrscanner will need to be trained by Asylum
Research personnel.

; e > ~5 Scanning
- — Cantilever © Stage
(a) Standard Scanner. (b) Names of the basic components.

Figure 6.1.: The Standard Scanner

Figure 6.1 on page 38hows the standard scanner partially withdrawn from theakthe AFM. The standard
scanner is included with the “Cypher S” AFM, but can also becpased separately. The Standard scanner is
designed primarily for imaging in ambient conditions, eitin air or in a liquid droplet. The optical access to the
sample and cantilever is superior to other cypher scanndefso

Many Standard Scanner cantilever holders allow for a wanéimaging modes. Se€hapter 8 on page 6@r
more information.
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The Scanner itself comes in regular and high voltage modétpure 6.2 on page 38hows the magnetic high
voltage contact and specialized cantilever holder withhigltage connection to the tip. This arrangement is
typically use for PFM techniques. This topic is covered ipttiein Applications Guide, Chapter: PFM Using
DART andApplications Guide, Chapter: Single Frequency PFM

Figure 6.2.: Detailed view of the high voltage option.
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7. Tutorial: AC Mode Imaging in Air with the
Standard Scanner

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

7.1 Required Materials . . . . . . . . e e e e e e e e 40
7.2 LoadingLeverand Sample . . . . . . . .. L A1
7.3 Engagingthe Surface . . . . . . . . L L L L e 48
7.3.1 Bringing the Cantilever Closetothe Sample . . . . . . . . . . . . . . . . ... ... 48
7.3.2  Tuning the Cantilever and Setting Scan Parameters . . . . . . . . . . . . . .. . ... .. 55
7.3.3 Landingthe Tip . . . . . . . . . . 59
T4 IMaging . . . . o e e e e e e e e e e e e e e e e e e e e e e e 62
7.4.1 Set-Up and Initial Parameter Selection . . . . . . . . . . . . .. 62
7.4.2 Start Imaging and Parameter Tuning . . . . . . . . . . ... 63
7.4.3 Image Refinement. . . . . . . . . L e e e 67
7.5 Stopping Imaging . . . . . . . . . e e e e e e e e e e e e 67
7.6  Shuttingthe SystemDOWN . . . . . . . ..o e e e e e 68

This tutorial provides a quick path to learning the basicrapen of the Cypher SPM equipped with the Standard
Scanner. If you own the Environmental Scanner, pleaseWdhe tutorial inChapter 17 on page 178he tutorial
contains a set of steps that will teach a new user with a baslenstanding of AFM operation how to obtain an
AC mode topography image in air.
All new users should complete and understand this “AC Modsglng in Air” tutorial before at-
tempting any imaging.

The Cypher is a research grade instrument and improper utee ohstrument can cause both damage to the
instrument and injury to the user. This tutorial will takepagximately 3 hours.

Before you start:

« You should understand the aspects of running this systéstyséChapter 1 on page 3

 You should be familiar with the basic names of the hardwaremonents and software contro3hapter 2
on page 19

 You should have powered up the Cypher and launched thea@tyChapter 5 on page 383

7.1. Required Materials

This tutorial is designed to be performed, not merely reazl Will learn the most if you operate the instrument
yourself, with an experienced user watching, providingealv

It will be necessary to gather a few items prior to beginnhgytutorial:
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1. Cantilevers: You will need aAC160TScantilever, which is manufactured by Olympus. The AC160TS,
with a spring constant of ~42N/m and a resonance frequeney30@0kHz, is a workhorse for AC mode
imaging in air. Every Cypher ships with a package of AC160s,fthese cantilevers are unavailable, any
cantilever with a similar spring constant and resonanageacy should work fine.

2. Sample: The tutorial will use th&sylum Research calibration gratititat ships with every system (Asylum
Part# 290.237).

3. Tweezers: Itis preferable to use tweezers with curved fgogsekample, Asylum Part# 290.102).
4. Wrench: A 1/16” ball head wrench (for example, Asylum Pai®.2.39) is required.

5. SPM: This tutorial is designed for a Cypher equipped with$tendard Scanner and a large spot SLD or
Laser Module (Se€hapter 33 on page 336

7.2. Loading the Cantilever and Sample

This section covers sample and cantilever loading as weélie@sourse approach of the cantilever tip toward the

sample.
Raise the cantilever holder: \hl eSS
« Rotate theEngage Control Knob’ on the - il §
Cypherclockwiseand hold it until the ) . "
cantilever holder is far from the sample or is -l
1. at its upper limit of travel. %

Note Although it is not required, for safety
reasons we recommend making motor moves with
the door closed. Beware of pinch points

(Figure 1.1 on page)5

Open enclosure:

2. « Lift the door latch and open the enclosure
door.
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Ch. 7. Tutorial: AC Mode in Air, Std. Scanner Sec. 7.2. Loadin g Lever and Sample

Unlock scanner:

* Lift the lever to the right of the scanner.

Pull the scanner out:

* Pull the scanner forward gently and stop

4. when it is about halfway out. If you
continue pulling the scanner, at some point
you will feel resistance and should pull no
further.

Familiarize yourself with the sample area:

5. » While it may look solid, the scanner stage
moves the samplein the X, Y, and Z
directions imperceptibly up to 40n.

Scanning
Stage
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Release the cantilever holder:

» Loosen the screw clamping the cantilever
holder. One turrrounterclockwisshould
be enough.

* Replace the tool in its storage place (hole in
the chassis to the left of the scanner).

Remove the cantilever holder:

7. » Hold by the tab with the circular recess and
pull straight out towards you.

Select AC mode cantilever holder:

« ldentify the cantilever holder. This demo
requires the standard “AC Air” holder,
8. Asylum Part# 901.705.

Note To learn more about cantilever holders for
the standard scanner, please refeCtmpter 8 on
page 69
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Prepare cantilever mounting workspace:

 Set out your changing station, tweezers, and
cantilevers on a clean, well lighted surface.
Make sure that the changing station is
labeled “Air” (there is also a “Droplet”

9. changing station for the droplet holder.)

» A low power binocular dissection
stereoscope with light source can be useful
for some of the following steps.

 Cleaning the tweezer tips with alcohol
improves the handling of the cantilevers.

Mount the cantilever holder in the changing
station:

 Carefully insert the cantilever holder as
shown. The V-shaped piece of metal on the

10. back of the holder slides into the dovetail
joint on the changing station. The cantilever
should be pointing down.

« If the cantilever holder does not slide in
easily, loosen the screw on the clamping
mechanism.

Tighten the clamp:

11. » Once the cantilever holder is fully inserted,
use the ball head wrench to gently tighten
the clamp.
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Remove the old cantilever:

 Position the changing station as shown, on a
flat hard surface.

 Take the tweezers in your dominant hand.

» Press down on the station, as shown, with
your other hand. This depresses a button on
the bottom of the station which drives a pin
up under the cantilever retaining clip.

* Remove the cantilever and release pressure
on the station.

* Inspect the cantilever area for tiny silicon
grit and blow clean with compressed air if
necessary.

12.

Select new cantilever:

 Select a new cantilever and pick it up with
tweezers.

* Close the box! Ruining $1k of levers by
putting your hand on an open box is not

13. unheard of.

Note If your lab saves some old cantilevers,
consider practicing with a “dummy” cantilever.

Tip Some find it useful to first lay the chip down
on a non-sticky surface and re-grip it before
continuing.

Load new cantilever:

* Place and center the cantilever in the holder

(also see photo in next step for alignment).
14. e A good technique is to release pressure on
the changing station while still gripping the
cantilever chip with tweezers. This prevents
misalignment caused by the cantilever chip
sticking to the tweezers.
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Check cantilever alignment:

A properly aligned cantilever seen from

15. above.

« It helps to do this at least once under a
binocular stereo microscope.

Prepare scanner and load sample:

» Leave the cantilever holder in the changing
station for now.

* Remove any sample that may be present on
the scanner.

16. » Wipe the scanner stage (definedStep 5 on
page 42 clean with a soft cloth. Any dust or
grit will prevent the sample disk from being
properly seated.

 Place the Asylum Research calibration
grating onto the scanner stage. It will attach
magnetically.

Insert cantilever holder into scanner:

* Remove the cantilever holder from the
changing station.

17. * Insert the cantilever holder into the scanner.
Pay attention that the metal dovetail
engages properly.

« Ifit will not go in, loosen the screw by half
a turn (seéstep 6 on page 42
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Tighten cantilever holder:

 Use the ball headed wrenchdently tighten
the screw that clamps the cantilever holder.
» Don’t use your whole hand! Be gentle!

18.

Slide scanner into chassis, lock down:

» Gently slide the scanner back into the
chassis.

» Push the lever at the right of the scanner
downward to secure the scanner in place.

19.

Check correction collar:

» Check that the green correction collar on the
objective is set to zero (this cantilever
holder has no glass window through which
the light must focus).

20.
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Close enclosure door:
21.
» Gentlyclose the door and latch it.

Motor cantilever toward sample:

 Place your eyes level with the cantilever and
sample, so you can clearly see the gap
between cantilever and sample.

* Slowly turn the'Engage Control Knob’ on
the AFM enclosureounterclockwiseThis

22. will lower the cantilever holder and
objective toward the sample. The more you
turn, the faster it goes.

 Close the gap between tip and sample to
about 1 millimeter. There is no harmin
playing it safe and stopping a little farther
away. It will only cause the automated
engage to take a little longer.

Warning: Nothing but your attentiveness will pre-
vent the cantilever holder from crashing into the
sample. If you crash the cantilever holder you may
causeSERIOUSdamage to your cantilever holder
and scanner.

23. This concludes the manual interaction with Cypher. We naxt bur attention to the computer.

7.3. Engaging the Cantilever on the Sample

7.3.1. Bringing the Cantilever Close to the Sample

Before you start this section you should have done the fatigw

« Start up the softwareghapter 5 on page 33
* Homed the motors (Se®tep 5 on page 33
 Positioned the cantilever about 1mm above the sang#et{on 7.2 on page 41
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The Mode Master window:

* The software should now be showing the
1. Mode Master window.
« If not, click the Mode Master button at the

bottom of the screeljr_J.

Standard
>

Select Mode:

» SelectStandard tab > AC Air Topography

» The screen will now re-arrange and present all the contretessary for this type of AFM
imaging.

Prepare the view module: Apeure Disphagm

 Turn thefocus offset ringuntil the white
dot is centered on the alignment mark.

3. There will be a gentle click when this
occurs.

* Fully open thefield and aperture
diaphragms by pushing both levers toward
the front as shown.

Open video window (If necessary):

« In the software, click on the camera ict®

on the bottom status bar. ' '
4.  This will open the video window (or @ e @ n

highlight it in case it was already open),
which displays an optical view of the
cantilever and sample.

SYLUM

ESEARCH
an Oxford Instruments company support.asylumresearch.com Page 49


http://support.asylumresearch.com

Ch. 7. Tutorial: AC Mode in Air, Std. Scanner Sec. 7.3. Engagi  ng the Surface

Setting video zoom and illumination:

* IMPORTANT: Slide the vertical slider at
the lower left corner of the video window all
the way to the bottom. “Zoom 1.0” will be

S. indicated just below.

» Turn up the illumination by moving the
slider (on the bottom of the video window) Zoomld  CondsLBSOum R
to the right a quarter or third of its full
range.

6. Familiarize yourself with the Approach tab on the EngageelPan described next iStep 7 on page 50
Failure to understand the Approach controls may lead toaesidamage to the Cypher

Go to last known Tip Focus:

» On the Engage panel, hitocus on Tip'.
This will move the objective lens to the last
known position where the cantilever was in

focus.
K Engage Panel |E|'_EI_@|
Notes
Approach Detector Prefs |
 Since theFocus on Tip’ button only moves
the objective to théast known tip focuand (Un) Load
T Sample
does not actually perform an auto-focus, the :
cantilever will most likely not be perfectly —_—
in focus after the motors are finished Move Focus [V Q
moving. (Cantilever chips have varying — =
7. thicknesses and how the cantilever chip gets v e .
positioned in the holder will affect the S 4 Sample Height
h 4 [1238mm |3

sample position.)
» Don't be alarmed if the cantilever is not
visible at all. It most likely means that when — Pre-Engage
. - Focus Position: 8196 mm
you placed the cantilever chip in the holder, ) -

p . . Tip Position: 8197 mm | Start
you putitin a place outside the ~1mm field Tip Approach
of view of the objective. This will get
addressed in the next step.

If you hit the‘Focus on Tip’ button and
nothing happens (i.e. the motors do not
move), it just means that the objective is
already at the tip focus point. Note that after
the motors are homed, the objective is
moved automatically to the tip focus point.

Move To

i
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Locate cantilever in image:

» The goal of this step is just to get the
cantilever into the field of view. Use the
four arrows at the top left of the video
window to look for the edge of the
cantilever chip and/or the cantilever. As
mentioned in the previous step, most likely
the cantilever will not be perfectly in focus.

« If you are oriented such that you are sitting

directly in front of the Cypher microscope,

hitting the left arrow will move the objective
to your left, while hitting the top arrow will
move the objective away from you.

If you see nothing at all in the field of view,

most likely the cantilever chip is located to

the left of the field of vievHit the left arrow
to move the objective towards the left and
look for the cantilever chip edge.

B Video

ﬂ Zoom

\ B Tip Pos

SeeFigure 7.1 on page 5f®r example images.

an Oxford Instruments company

(N Engage Panel |E| E|:|
Set the tip focus position: | Approach | Detector | Prefs |
» Under theApproach’ tab on theEngage = (Un) Load
Panel’ select theMove Focus’ (on the left, ¥ 58 | Sample
red) large picture button. ‘*v‘: Focus I8
» Use the on screen arrow buttons until Move Focus On Tip E
cantilever is in focus. Single arrows are =
3
slow; double arrows are fast. Focus ‘E
. ) On Sample T
* Click ‘Set’ next to‘Focus on Tip’ button (on -
. Sample Height
the right, blue). oamm. &
Important The cantilever is at an 11° angle and Mo 10
p g Pre-Engage
the whole lever cannot be in focus at once. Bring Focus Position: 8398mm | ———
the end of the cantilever closest to the tip in focus. Tip Position: 8.398 mm || Start
Tip Approach
SYLUM
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Optional image enhancement and zoom,
particularly useful for small cantilevers:

« If you want to see the image with more
resolution, seledbecimate 1 from the

. o iy e
Options pull-down menu. This brings all the T e— ] ||
pixels down from the video camera but will S
slow the screen update rate. o
10. * To the left of theOptions menu is @zoom’

¥ | RotateS0

button. This button, once clicked, will
change the cursor into a magnifying glass.
Click on the cantilever to get an enlarged
view.

 Both of these items may improve your
ability to focus from the previous step. If
you do refocus, be sure to clicget’ next to
the‘Focus on Tip’ button.

Perfeam At White Balznce

¥ | Show Kavigstior
Show Sant Positicn
Sherw Reset St Men Them

Clesr TigPoz

Center laser spot on cantilever:

* Click on the'spot On’ button at the top left
of the video window. The mouse pointer
will acquire some small red lines.

» Now click on the center of the cantilever
(see figure to right).

« Alternately, right-click on the center of the
cantilever and then select thgpot On’
option.

11.

Observe spot on lever:

» Motors inside Cypher will now move to
bring the laser spot where you clicked.

» The spot position does not need to be

12. perfect here, only roughly centered on the
cantilever to produce a decent reflected
beam (measured by the Sum signal in the
Sum and Deflection Panel).

* If needed, the spot position will be fine
tuned in a later step.
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=1 Engage Panl =] = = |
Approach_ Detector | Prefs
Locate sample surface optically: ) Loz
T Sample
e Under theApproach’ tab on theEngage -
: g VN s
Panel’ use the downward arrow keys to = Focus | |2
motor the microscope objective down Move Focus PG S
toward the sample, until it comes in focus — . S]
. OCus
13. (See Image in the next step). Use the up v On Sample
arrows if you overshoot. b 4 Sample Height
 Single arrows are slow, double arrows fast. h 4 2220mm |2
» Once in focus, hit th&set’ button next to the Move To
f , Pre-Engage
FocusI or;]S.anrl]pIe :Jutton(.j Note that the Focus Position. 2323 mm
sample height value updates. Tip Position: 2.323mm ||__ Start
Tip Approach

Observe sample surface optically:

» Features may be hard to see at zoom =1 and
auto decimation turned on. For instance, in
the image to the right decimation = 1 and
zoom = 2. Seé&tep 10 on page Sfor more

14. information.

Fun Now that you have stored tip and sample
position, you can repeatedly click on the buttons
‘Focus on Sample’ and‘Focus on Tip’ and go back
and forth between tip and sample.

Question | cannot seem to focus on the surface of
my rough sample.

Answer The objective can only motor down a few
millimeters before it meets up with the cantilever.
If you did not manually move the cantilever close
enough you will never get a focused image (such
as the one on the right) of the sample. In this case
hit the “Focus on Tip” button in the engage panel
and repea$Step 22 on page 48
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Question | cannot seem to focus on the surface of
my smooth sample.

Answer Perfectly reflecting samples may not
offer enough features to allow the focus to be
determined. In this case move the Field
Diaphragm lever (marked with an F) on the view
system until you see a dark circle on the screen.
As you motor down this circle will become
sharper. When the ring is in focus, as in the image
to the right, so is the sample.

=

51 Engage Panel o] = ]
) Approach_ Detector | Prefs
Prepare to land the tip:
(Un) Load

* Click the‘Move to Pre-Engage’ button.
Motors automatically bring the tip to Htn
from the surface.

Sample

Focus
on Tip

Maove Focus

|=m e

15. | WARNING: If you set a bad sample height and/or

Focus

D>y

tip position you may ram your cantilever into the On Sample $
sample and break it. A firmware safety feature Campis g,
[2220mm |4

immediately cuts motor power when the optical
detector fails to measure reflected light from the
broken lever. This prevents the cantilever holder
from ramming the sample.

Maove To
Pre-Engage

Start
Tip Approach

Focus Position: 2.323 mm
Tip Position: 2.323 mm

Fine tune spot position:

* At this point you should adjust the spot
position so that it is near the end of the
cantilever using the controls in the upper
left hand corner of the video panel. Note
that a decrease in Sum Signal indicates that
light is spilling off the cantilever. The latter
is undesirable and should be avoided.

16.

HINT For fine positioning hold down th&HIFT’

key on your keyboard while clicking the onscreen
buttons which move the cantilever under the laser
spot (Seestep 8 on page 50
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Center the laser on the photo detector:

window motion controls and watch the

17. Deflection Signal go to zero. This action

detector.

 Hit the red button at the center of the video

causes small motors to steer the laser beam
to the optimum position on Cypher’s photo

B Video

¥ spoton | W TipPos

7.3.2. Tuning the Cantilever and Setting Scan Parameters

Since this tutorial focuses on AC imaging, we will proceetltioe the cantilever.

ﬂ Zoom

Initiate cantilever tune:

 Select the tune tab in the master panel.

1. * Set the four auto tune parameters (Low,
High, Amplitude, Percent) as shown to the
right.

* Click the‘Auto Tune’ button.

B Master Panel (Ctrl+5)

Auto Tune
Auto Tune Low | 50.000 kHz o

Auto Tune High | 400.000 kHz
Target Amplitude | 1.00 Y

Av [ [€

HHHH.’_

Target Percent | 0.0 %

E=E]
| Main | Thermal | Force | Tune | FMap |

Observe tune result:

A graph will pop up with the tune result.

» The resonance curve should peak around
300kHz.

» The relevant results are automatically

> stored. After inspecting that the amplitude

' and phase curves look “clean”, you can

close the graph.

HINT Cleaner tunes can be obtained by blowing
the cantilever holder with clean compressed air
prior to loading cantilever to get rid of any left
over silicon/glass debris.

SYLUM
ESEARCH

M Cantilever Tune

Rename Save Edit FTP

Amp [1.118V | Freq[345503kHz | @f4346

0.6+

= 120°

Amp (V)

06—

04—+

T T T T
343kHz 344kHz 345kHz 346kHz

T
34TkHz
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zoom: Lo Coords: 6744, TA0.Sum o, s

(b) Cantilever found and roughly centered on screen.
Step 8 on page 50

Aerfarm Autn Vshite Balance

 Sh
o Saat Fosition

s Trea

zoom: 10 Coords: 304.3, 953.0um .. )

(c) Cantilever in focus. SeBtep 9 on page 51 (d) Optimize Resolution. SeBtep 10 on page 51

Figure 7.1.: Finding the cantilever and optimizing the video.
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M Video -O%

# oot F TeFos | B om | opoans- Copere

™
r

Coords: 254.7, 559.7um z0om: 1.0 Coords: 3624, 553.8um ». )

(a) Cantilever Zoom. Se8tep 10 on page 51 (b) Laser Spot ON. SeBtep 11 on page 52

# sooton W TpPos & Zoom Optens - Capare
H|
| |

zoom: 10 Coords: 2.0, 411w {7 )

(c) Spot On by right clicking. SeStep 11 on page 52 (d) Laser spot on the lever. S&ep 12 on page 52

Figure 7.2.: Various methods for aligning the laser spot onto the cantilever.
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Zoom: 2.0 Coords: 165.8, 72L1um

M Video
# oot F TeFos | B om | opoans- Cepere

2]

Z0om: 2.0

Coords: 195.1, 725,50

(a) Offset.

(b) The focus offset is centered and the optical image is
confocal with the focused laser spot.

Figure 7.3.: By turning the focus offset knob, it is possible to focus on optical image on the sample while the laser

stays focused on the cantilever.

Set scan parameters:

e Click the‘Main’ tab on theMaster Panel’ .
» Set the set point value to 700mV, the second

3. item highlighted in yellow irFigure 7.4a on

page 59

as7.4a

YLUM
ESEARCH

an Oxford Instruments company

» Check that all the other values and check
boxes of youtMain’ tab panel are the same

A.] Master Panel {Cirl+5)

===

| Main | Thermal | Force | Tune

Scan Size|20.00 ym

Scan Rate 2 A H;

X Offzet| 0 nm
Y Offset :_[J nm
Scan Angle |0.00 °
Points & Lines | 256
[”] Delay Update

SetPoint| 1.000 V
Integral Gain | 30.00
Feedback Filter | 5.000 kHz

Drive Amplitude [23.00mv
Imaging Mode | Cont:lct"E

| Auto Tune ] [ Engage |
| Doscan | [ stepm |
I Frame Up ] |FfameDown|

Base Name Image.

Base Suffix | 0000 Jigf

Mote |

Save Images 7] [ Path.. | [Saveimage |

Save Status: lm Save Prev.

Main Panel | | Setup |

| FMap |

5 ) B 5 5 R ) ) 1 5 S 5 5 R £ R R S R
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ﬂ Master Panel {Ctrl+5) IE' E |E| |
i Main | Thermal | Force | Tune | FMap |
Scan Size |20.00 ym EKG)
Scan Rate [2.44 Hz |t @ 7] Master panel (cr+3) SIeE
X Offset |0 nm P @ | Main | Thermal | Force | Tune | FMap |
Y Offset |0 nm @ Auto Tune
Scan Angle [0.00 @ Auto Tune Low | 50.000 kHz 5
Tl ol i A i '—zi Auto Tune High | 400000 kHz |14
5 Dut Uyt :' Target Amplitude | 1.00 V :
SIENTINE] 1.000 Y & Target Percent | 0.0 % S
Integral Gain 3000 . @
Feedback Filter | 5.000 kHz @ Manual Tune
Drive Amplitude |23.00 mV @ Drive Frequency | 75.000 kHz H ®
Imaging Wade | Contact [~ @ Sweep Width |5.000 kHz 4 e
[ AutoTune | | Engage | @ Drive Amplitude [ 23.00 mv 4@
[ DoScan | [ stopm | @
| FrameUp | [Frame Down| 2]
Base Name Image ; T' H
Base Suffix | 0000 al (2
Mote | | @ Drive
Save Images [7] [ Path.. | [Saveimage .| @ Graph
Save Status: Em Save Prev. @ Engage
[ MainPanel | | setup | 2] [ TunePanel | [ setup |
(a) Master Panel, Main Tab. (b) Master Panel, Tune Tab.
Figure 7.4.

7.3.3. Landing the Tip

The preceding sections have left the tip vibrating about &dans above the sample surface. It's time to land.

K Engage Panel | = :_IEI_J Bl

Approach_| Detector | Prefs |

(Un) Load
et Sample
= : —
— 1 —— Focu_s g
Start final tip approach: Move Focus Il N e
1. * Locate the Engage Panel. - Focus g
. . On Sample
 Click on the'start Tip Approach’ button. it/
v Sample Height
w 2220mm |5
Move To
Pre-Engage

Focus Position: 2.270 mm
Tip Position: 2.270 mm

Start
Tip Approach
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Wait for tip to reach sample:

 For the next minute or so Cypher will
systematically move the tip closer to the
sample until the set point is reached.

You can cancel the approach at any time by
2. pressing AND HOLDING theEsc’ key on

your computer keyboard.

When the process is complete, the computer
will beep and the tip will be left about half
the Z range (about 3 microns) off the

sample surface.

What's going on during the tip approach?

O

A Cypher executes a series of repeated steps. First the sdalipeextends the sample toward
the tip while monitoring the cantilever amplitude. If the plitude reaches the set point, the
process stops. If not, the sample is fully retracted agathnaotors move the cantilever down by
one extension length. The process is repeated until thelsamplose enough to the vibrating
cantilever to reduce its amplitude to the set point. One fina the sample is fully retracted and
the cantilever is motored down just enough so that when tmpkeis brought back up it will trip
the tip amplitude set point at half the scanner’s vertic&esion range.

Meter check: Ml Sum and Deflection Heter =
 Locate theSum and Deflection Panel’'(Ctrl + ng 8.00 NS -
Deflection -0.23 | |
3. 6). Amplitude 0.9 [N
» The values should be similar to the figure on Phase 73.52 | 1
the right, typical for a cantilever a few Z Voltage 0.00 | [
microns off the sample surface.
Engage:
« Hit the engage button on th&um and I S anc etiecton eter
Deflection’ meter panel. Sum 8.00 |EEG_

« The scanner will extend the sample into Deflection -0.20 | l
Amplitude 0.70 [N

contact with the tip and th&um and Phase 54.60 | -
o . . ) ase 54.
aeé‘lficéﬁtn panel will look like the figure to Z Voltage 94.97 | ]

Congratulations  The tip is on the sample surface.

SYLUM
ESEARCH support.asylumresearch.com Page 60

an Oxford Instruments company


http://support.asylumresearch.com

Ch. 7. Tutorial: AC Mode in Air, Std. Scanner Sec. 7.3. Engagi  ng the Surface

ﬂr\‘laster Panel {Cirl+5) |E! = |E|‘
im Thermal | Force | Tune | FMap |

Scan Size | 20.00 pm m
Scan Rate | 2.44 Hz @
X Offset| 0 nm E @ @
Y Oftset| 0 nm & ® @
Scan Angle | 0.00 ° = (]
Question How do | know my tip is firmly CRE A 25 & @
engaged on the sample surface? B st tyetts : @
SetPoint| 1.000 V @ @
Answer Type in a slightly lower the set point Integral Gain | 30.00 ER) @
(such as 650mV). If the Z voltage in th&um and Feedback Filter | 5.000 kHz @
Deflection’ meter panel does not change noticeably Drive Amplitude | 23.00 mv s ® &
(i.e. more than a \olt) the tip is firmly on the Imaging Mode | Contact | | @
surface. [AdoTune | [ Engage | @
| Doscan | [ stepm | @
| FrameUp | [Frame Down| @
Base Mame |Image | @
Base Suffix | 0000 = @
Note o @
Save Images [¥] i__ﬁzﬁﬁ_fi |"§'3E|'@i @
Save Status: ;:'Saue Current Save Prev. =
[ wmainPanel | [ setup | @

Question Why does the sample look out of focus
when the tip is on the surface? How do | fix this?

Answer The laser and video image both pass

through the same microscope objective. While

performing AFM, the objective must remain
focused on the back of the cantilever to keep the
laser focused. Since the sample sits one tip height
farther away, it will not be in focus. The fix is

extra optics just before the video camera. Adjust
the focus ring (at the center in the photo on the
right) on the view system until the sample is in
focus. Of course the cantilever and laser spot will
now appear blurred in the video image.

Note When it comes to focusing on the next
cantilever Gtep 9 on page 5¥ou must be sure to
set the focus adjustment back to zero, aStiep 3
on page 49Cypher includes a sensor to see that
this has occurred and the software will warn you
to zero the focus offset when necessary.

SYLUM
ESEARCH

an Oxford Instruments company support.asylumresearch.com Page 61


http://support.asylumresearch.com

Ch. 7. Tutorial: AC Mode in Air, Std. Scanner Sec.7.4.Imagin g

7.4. Imaging

This section will get you scanning and tracking the surface.

7.4.1. Set-Up and Initial Parameter Selection

Based on the previous section, it is assumed that:

* The cantilever tip is on the surface, or was just disengégexd the surface.
e The laser is aligned on the cantilever and the photo detdiference (deflection) signal has been zeroed.

51 Master Panel (Ctrl+5) ===
_ImagE | Thermal I Force I Tune | Fmap |
Scan Size Pixel Size
2000pm |3 781 nm
Points & Lines Scan Time
256 ) 00-01:45
Scan Rate
244Hz  [§
Imaging Mode IS
Set up Master Panel: Setpoint Imegr_al Gain
1.000V He 30.00 @)

* In the‘image’ tab of the'Master Panel’,
confirm thatAC Mode’ is selected from the
‘Imaging Mode’ pull down menu.

1. * Integral gain (1): 24 to 30.
e Scan rate: 2.44 Hz.
e Scan angle, resolution (scan points & lines) Base Name S
and image size is up to you. These are r:';‘f? S0
found in the'Parms. tab to the right.
Save Partial
SYLUM
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Image channel selection:

i ﬂ Master Channel Fanel (Cirl+7) El@@ -
e Go to the'Master Channel’ panel | : : S lelo e
) Ht | A ph [ zs [ 5 | 6
» Select the leftmost tab and confirm the A —
default setting ofHeight’ under thenput nput Height [=]
Image Display
pull-down menu. —
| Aut
« For the next two tabs do the same for — I orays256 [ 7]
> ‘Amplitude’ and‘Phase’. Data Scale | 400.00 nm 3
' « For the fourth tab, do the same f@sensor'. Data Offset |0 nm >
__ Image Modification
Note While not necessary, it's a good habit to Real Time Flatten 1 [+]
activate the Z sensor channel when imaging, Saved Fatten 1 [~
especially when sample features are larger than a D UseArgrie @] Auto Chamnels @] Auto Tie
few hundred nanometers; the LVDT sensors are
. . . | Channel 1 | | Setup |
more linear than the piezo actuators, and thus it's a

more precise Z measurement.

3. Images are saved to disk automatically at the end of evergernfayou leave theSave Images’ check box
selected, near the lower left hand corner of the Master Rargiep 1 on page 62

7.4.2. Start Imaging and Parameter Tuning

* Click the‘Frame Up’ button on thelmage’
tab of the'Master Panel’, and imaging will
begin after a moment. Scan initiation first
moves the tip to the starting point of the

1 image, then lowers the tip onto the surface, :

! . . . Frame Frame
and then begins an endless series of image =
scans. The red cursor to the left of each

image window indicates the scan line/
location of the tip.

To enhance contrast on the image display, click and drag atmnd the area of

Tip interest. Then right click and select fix scale.
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Nomenclature

Hamster

SYLUM
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1] 10 20 [113i] 40 50

0,400V B o
[10.00 5] ®

Determining Image Quality:

« Start the learning process on a sample with a known topbgrdige the Asylum Research
Calibration Grating being used in this tutorial.

» Look at the 'Scope Trace’ below the image. This graph reprssthe most recent line of the
image. Blue indicates the tip moving left to right (a.kace) and Red indicates tip returning
from right to left (a.k.aetrace).

On most samples with relatively slowly changing featunes;a and retrace should look the same. In
other words, the landscape should look the same if you argflyie exact same route one way or the
reverse. The image above shows the two as being quite diffehés is an indication that imaging
parameters need to be adjusted.

In the previous image the tip is not following the surface.ties blue trace shows
(left to right), the tip seems to climb up out of the pits of ttadibration grating
quite nicely (the left edge of each pit is quite sharp) buntiielescends back into
the next pit along a relatively gentle slope. During thisaded the tip actually “flies
through the air” while it is completely un-deflected, a bielia hang glider running
off a cliff. The lateral motion of the tip simply marches ondistated by the XY
scan pattern. The feedback control algorithm is simply ggressive enough to
bring the tip back down to the bottom of the pit. Such behasi@ommonly called
parachuting or poor tracking.

The next steps will go into the details of strategies formgrmparameters in the main
panel. Use the arrow clickers (to right of variable fieldsatijust parameters, rather
than typing the values in. Alternatively, you can fine-tuine parameters using the
‘Hamster’ wheel on the front of the controller. Any parameter with aiodslitton

next to it can be changed during a scan when it is activatedkgltke black/ green
dot in circle) with theHamster. The Hamster gives "digital control with analog
feel". On the MFP-3D AFM controller the toggle switch to tledtlof the‘Hamster
allows you to toggle between radio buttons in the panel. @AIRC2 SPM
controller the outetHamster’ ring performs this function. This tactile experience
lets you concentrate on the image while tuning parameters.
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Adjusting Set-Point, i-gain, and scan speed:

The goal is to get trace and retrace to fall on top of eachr¢dseshown above).

Increase théntegral Gain’ or i-gain parameter (second highlighted itemStep 1 on page §2
and see what happens. The match between trace and retrabe ishorove. The feedback
becomes more aggressive and the slope with which the tigtbartes” down into the pits

should become steeper.

Keep increasing théntegral Gain’ until suddenly the trace and retrace start to oscillatelyikd
phenomenon called ringing. The feedback loop is now unstatd the i-gain needs to be

lowered a bit.

If increasing the i-gain does not seem to help, try to insegheDrive Amplitude’ a bit. This
will cause the cantilever to oscillate with greater ampléu
Lowering the Set Point can also improve tracking.
Decreasing théscan Rate’ control will also improve tip tracking.

Note The overall goal is usually to make a good compromise betwaaging speed and tip
tracking.

View Data in Real Time 3D:

Open theMaster ArGL Panel’ by selecting
from the menu bahFM Analysis > 3D
Surface Plots.

From the'Surface’ pull-down selectReal
time’

From the'Data Type’ pull-down to the right
of it, select the desired channel in that
image (usualljHeightor Zsenoj).

Click the‘Do It button.

You can click and drag on the 3D data to
change the view.
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] Master ArGL Panel [S1[E]EE]
| New | Display | Axes | View | Lights | Prefs | Windows |
Surtace ReaiTme [ DataType | HeightRetrace [ = |
Ficalor| RealTime [ = | DataType | PhaseRetrace [ = |
Exportto Layout Doit

Make ArGL New Panel

BEEEE
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Moving the Sample Between Scans:

» Sometimes, it is desirable to move to another point of adeafter some scans have been taken.| For
features within 12.5 microns, use tleOffset andY Offset fields. Note that a negative is to the left|or
below the initial area.

* For features that are further away, use the arrows towarédiges of the Video Panel. The single arrpws
are slow, and the double arrows are fast. It is also possldédk and hold the double arrows for faster,
continuous movement. S&ggure 7.5 on page 6®r an example of sample movement.

Note These buttons move the sample rather than the cantilevies@the laser and objective stay in alignment.
Be sure to avoid accidentally moving the tip, and rememlegrttie smaller arrow buttons in the upper left hand
corner of the Video Panel are set to the cantilever rathertihéhe sample.

[ video [E=EE I T ==
K SpotOn € TipPos & Zoom 4§ Home Options~  Capture

3 SpotOn 9 TipPos & Zoom ¢§ Home Optiens»  Capture

100

Zoom: 1.0 Coords: 533.3,953.0 um

T E
(a) Before the Move. (b) After the Move

Zoom:10  Coords: 37.6, 6817 ym 4:; i

Figure 7.5.: Moving a Sample After a Scan

SYLUM
ESEARCH

an Oxford Instruments company support.asylumresearch.com Page 66


http://support.asylumresearch.com

Ch. 7. Tutorial: AC Mode in Air, Std. Scanner Sec. 7.5. Stoppi  ng Imaging

Q When I make changes to scanning parameters, when do thasgeshake effect in the scanned image?

A Most parameters in the main tab of the main panel (Beeill update as soon as you make a change.
Note that changing points, lines, or scan rate, will takeetfhext frame.

If you check the'Delay Update’ box just above théSetpoint’ parameter, then any changes you make
to parameters above that box will only update next frame.ilthit image is complete, the changed
variables are highlighted in blue.

You can always force a new image by clickitfgame Up’ or ‘Frame Down’. A nice way to see the effect
of changing imaging parameters can be as follows:

Check theDelay Update’ box as described above.

* Click ‘Frame Up’ and collect a dozen scan lines. Observe the image quality

» Make some changes to the scan parameters (hnumber of pailetsgains, setpoint).
* Click ‘Frame Up’ again.

» Observe as the exact same scan region is "painted over’ngithdata taken with your new parametef
choices.

7.4.3. Image Refinement

To learn more about using the Asylum Research SPM softwarefitte your imaging parameters, please refer
to Applications Guide, Chapter: AC Mode Imaging in Aind alsdVIFP-3D User Guide, Chapter: Tutorial: AC
Mode Imaging in Air Also consider watching this introductory videAC Mode Imaging in Air(requires an
internet connection).

7.5. Stopping Imaging

General Procedure for Stopping Imaging

» Once a scan has begunCantinuous’
button on the Master Panel will appear and
can be changed t8ingle Scan'.

* Clicking on‘Single Scan’ will cause

1. scanning to cease once the current scan has ;
completed. up boxn [

Note ‘Last Scan’ will change to'Undo Last’ if
clicked. Clicking Undo Last will cause the
software to keep imaging with current parameters.

Emergency Stopping Procedures

* Clicking the*stop’ button on the Master Panel will halt the scanning mid-imaigis;is a fairly
abrupt way of halting scanning, and should only be used i&tiga problem. For instance, it

2. would be appropriate to use this button if the cantilevereagguging holes in the sample.

» Measures such as closing the software, turning off therobet, or unplugging the microscope
will stop scanning, but are not recommended except in exdr@ncumstances because of the
complications and the risk of tip, sample, or hardware damag
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7.6. Shutting the System Down

The following procedure should be used if the Cypher will betused for some time, for instance, at the end of
the workday.

1. Once you are done imaging, save your data to a desired diye€@lwse Igor and shut down the computer.

2. The tip will disengage automatically when imaging stops,fouadded safety, motor the tip away from the
sample. You may want to remove the sample at this point.

3. Turn off the laser key on the controller.

4. Power off the controller.
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8. Cantilever Holder Guide

CHAPTERREV. 1763,DATED 02/21/2014, 11:26. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

8.1 Identifying Cantilever Holders . . . . . . . . . . . e e e e e e 69
8.1.1 Visual Guide of Cantilever Holders . . . . . . . . . . . . . . e 69
8.1.2 Electronic Identification of CantileverHolders . . . . . . . . . . . . . . . ... . ..... 71
8.2  Cantilever Holder Changing Stations . . . . . . . . . . . . . o i e e e e e 71

Depending on your specific imaging application the appaiprtcantilever holder must be used. This chapter
serves as a guide to the available Standard Scanner optidnis belp you identify the types of cantilever holders
you may already own.

All the available cantilever holders have many things in own:

 All have a circuit board which allows the system to identfig type of cantilever holder and to activate the
appropriate software control panels.

* Nearly all have a piezoelectric actuator and allow AC mauig @ontact mode imaging.

* Nearly all have the ability to apply DC and AC voltage to tleatlever.

Many more contain specific electronics allowing for curner@gasurement, application of high voltage to the tip,
and more.

Cantilever holders are the most delicate components of Eid.Areat it like you might
Be Careful treat your great grandfather’s pocket watch. Never droRémember that even the most
basic cantilever holder costs thousands of dollars to cepla

8.1. Identifying Cantilever Holders

8.1.1. Visual Guide of Cantilever Holders

Please use this table to identify your cantilever holdedsfard the relevant sections which describe them.
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Sec. 8.1. Identifying Cantil

ever Holders

Part #

Holder Description

Front Photo

Back Photo

901.705

Air

For most contact and
AC mode Imaging. It's
use is described well in
this tutorial:

Section 7.2 on page 41
Fits in the Air
Changing Station. For
use in air only.

901.730

Droplet *

For fluid imaging in a
droplet. SeeChapter 9
on page 72Fits in the
Droplet Changing
Station. For use in air
or liquid.

901.740

iDrive *

For
Electromagnetically
Driven imaging, in air
and droplets. See
Chapter 10 on page 91
Fits in the Droplet
Changing Station. For
use in air or liquid.

901.727

ST™M

Scanning Tunneling
Microscopy. See
Chapter 12 on

page 117Fits in the
Air Changing Station.
For use in air or liquid.

901.73x

ORCA

Conductive AFM with
a single current range.
SeeChapter 11 on
page 106Fits in the
Air Changing Station.

For use in air only.
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Part # Holder Description Front Photo Back Photo
Dual Gain ORCA
Conductive AFM with
a two simultaneous
currentranges. See
Chapter 11 on

page 106Fits in the
Air Changing Station.
For use in air or liquid.

901.708

8.1.2. Electronic Identification of Cantilever Holders

1. Attach the cantilever holder to the Cypher Scanner. @ep 17 on page 46
2. From the main menu bar in the software sefaogramming > Cantilever Holder and Sample Panel.

3. At the bottom left of this panel click the&heck Holder’ button and the type of cantilever holder will be
highlighted.

8.2. Cantilever Holder Changing Stations

Part # Item Description Picture

Air Cantilever Holder Changing
Station. Used with Cypher

cantilever holders that look like the
Standard Air Cantilever Holder.

901.715

Air Cantilever Holder Changing
Station. Used with Cypher
cantilever holders that look like the
Standard Droplet Cantilever Holdefr.

901.716
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9. Fluid Imaging in a Droplet

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

9.1  Nomenclature . . . . . . . . L 73
9.2  PartsLiSt . . . . . e e e e e 73
9.3 Preparingforimaging . . . . . . . . . . . . . e e e e e e e e e e e e e e OB
9.3.1 Mounting the Sample Dish . . . . . . . . . . . ... L 75

9.3.2 Mounting the Cantilever . . . . . . . . . . . e e e e e e 76

9.3.3 Using the Evaporation Shield . . . . . . . . . . . . . . e 76

9.34  Sample Mounting . . . . . . . .o e e e e e e e e e e e e e e e 78

9.35 Installing the Cantilever Holder . . . . . . . . . . . . . . . 78

9.3.6 Engaging . . . . . . e e e e e e e e 79
9.36.1 Pre-engage adjustments . . . . . . . ..o L oo 0o e e 79

9.3.6.2 Focusonthecantilever . . . . . . . . . . . . 79

9.3.6.3 Focusonthesample . . . . . . . . . . . . . e 80

9.4 Imaging with the Droplet Holder . . . . . . . . . . . . . e e e e 82
9.4.1  AC Mode Tuning Specifics . . . . . . . . 82

9.4.2 Imaging Specifics . . . . . . . . e e e e e e e e e e e 84
9.4.2.1 Engaginginfludin ACmode . . . . . . . . . . . ... ... ... 84

9.5 Removaland Storage . . . . . . .. i i e e e e e e e 85
9.5.1 Removingthe Dish . . . . . . . . . . . e e e e e e e e e e e 85

9.5.2 Storage . . . . . . e e e e e e e e e e e 85

9.6 Cleaningand Repair . . . . . . . . o i i i i e 85
9.6.1 Disassembly . . . . . . . L e e e e e e e e 86

9.6.2 Cleaning . . . . . . o e e e e e e e e e e 88

9.6.3 Reassembly . . . . . . . L L e 88

9.6.4  Adjusting PiezoPreload . . . . . . . . . . .. e 89
9.6.4.1 Finishingup . . . . . . . . . e e e e 920

This chapter explains the use of the droplet cantilever érottesigned for use with the Cypher Scanner. In
this design, the sample is such that the scanning area isesgbthin small volume of water (typically around

100uL) which encapsulates both the scanning area and tliédezan The water environment is maintained by
the meniscus bridge formed between the sample substratdhanohderside of the glass window of the droplet
holder.

Liguids other than water are not recommended. \Volatileesatly may fill the Cypher enclosure with damaging or
harmful vapors. The membrane is made of silicone and waseasigded for a high level of chemical resistance.

The cantilever holder can be used for contact mode and AC rnealging in fluid. It has a built-in piezoelectric
actuator for driving cantilevers at resonance. Please tefehapter 10 on page 9ar specifics on iDrive imaging
only.
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9.1. Nomenclature

Please refer t&igure 9.1 on page 73

201.738 DROPLET HOLDER

114.2486 EVAPORATION SHIELD

901.739 SAMPLE DISH

114.181 EVAFORATION SHIELD BASE

Figure 9.1.: Droplet Cantilever Holder nomenclature.

9.2. Parts List

Asylum Inventory Number 901.738.1

Itm Part # Item Description Qty Picture
004 SETS T T TS TR R R A AL A bbb
1 <#80 x 0-80 x 1/16” set screw, cup point. | 6
0.063>CUP
2 114.181 | Ring, Gasket Base 1
YLUM
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Sec. 9.2. Parts List

Itm Part # Item Description Qty Picture
3 114.246 | Shield, Low Profile Evaporation. 3
4 222 070 Soclf’et Head Cap Screw, 0-80 X 12
7164
e
=
= E
= 9
E—v
5 222.072 | Screw, M2 X 4, Stainless. 5 =
v E_
—
6 222.094 Washer,'0.157"X0-096"X0-010" 5 ! :u'.-',af;uu--"-'u'-"-'-“'-‘"-3““"!'“‘".'-_'uI
17-7 stainless steel.
O-ring, 0.551” x 0.022", 60
! 230.035 Durometer FKM. 2
”I,u“‘;!-r-._n:!1;:-unm!lnl--l""“"'.
0.050"; Wiha Allen Driver 263 1,3
8 290.111 ??? 0.05??? X 40. 1
9 290.136 | Shortarm hex key, 0.028". 1
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Itm Part # Item Description Qty Picture

Zl b Ol 8 @8 £ 8 § ¥ £ E
il

10 290.144 T5 2.5MM Torx Driver. 1

Cypher Droplet Holder Assembly,

11 901.738 V2.

12 901.739 Small Diameter Droplet Holder
Cup Assembly.

9.3. Preparing for Imaging

Before you start:

¢ We assume you understand the aspects of running this sgstfety: Chapter 1 on page 3

* You are familiar with the basic names of the hardware coreptsiand software control€hapter 2 on
page 14)

* You have powered up the Cypher and launched the softw@reater 5 on page 33

 You are comfortable with AC Mode Imaging in Air, as instredtby the tutorial: Chapter 7 on page 40

9.3.1. Mounting the Sample Dish

The sample dish was originally integral to the evaporationtl in an earlier droplet holder design where an
evaporation shield attached to the droplet holder. Thiesehwas difficult to use so the evaporation control
components were redesigned as is now described. The saisiplis dow only used to catch fluid overflow.

Fluid scanning experiments can be carried out with or withie use of the sample dish since in either case the
fluid should be confined between the glass of the droplet haldé the sample. The dish is not intended to be

used as a reservoir for liquids. To install the sample digforee the magnetic insert in the scanner cap and thread
the dish into the scanner.
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Remove the magnetic insert

» Use atool like the point of a pair of tweezers to fit into onétaf holes in the insert.
» Push the insert counter clockwise to loosen the threads.
* Remove the insert and store in a safe place.

Install the Sample Dish

e Thread the dish into the scanner cap and
gently tighten.

9.3.2. Mounting the Cantilever

This cantilever holder requires the 901.716 droplet chaggtation (Se€&igure 9.2a on page 7.7

Warning Using the wrong changing station will not work and may damgme cantilever holder.

Once you have located the changing station, the procedtine isame as you are probably familiar with from
AC mode imaging in Air. If you are not familiar with this youshld seriously consider following the tutorial in
Chapter 7 on page 44t least once. Herein the specifics of mounting cantileedescribed irStep 9 on page 43
throughStep 14 on page 45

When finished your aligned cantilever should look Ifkgure 9.2b on page 77

9.3.3. Using the Evaporation Shield

Since the volume of liquid is small, evaporation will limite experiment time to about 30 minutes. It is possible
to extend the experiment without disengaging the tip by rgltiquid into the gap between the sample and the
droplet holder from the side by using a pipette.

YLUM
an Oxfﬁiﬁﬁﬁtﬁ!ﬂ]y B ETA Page 76



Ch. 9. Fluid Imaging in a Droplet Sec. 9.3. Preparing for Imag  ing

(@) Droplet Cantilever Holder Changing Station(b) Properly centered cantilever in the Droplet Cantilever
XXX.XXX. Notice the markings. Holder.

Figure 9.2.

The droplet holder is supplied with a set of parts which witha you to build a semi enclosed chamber to help
reduce the rate of evaporation. With the evaporation cbmtrplace, the typical time of the experiment can be
extended about three times compared to scanning withonot. tBasically, the evaporation shield surrounds the
scanning area while contacting the underside of the driyleler window.

The current design of the evaporation base is sized to wdtkaviwithout the sample dish using a sheet of mica
or a glass cover slip mounted to a steel puck. Thicker basebegrovided if your typical specimen thickness
prevents the shield from contacting the holder.

Install the evaporation shield base

» Place the base into the recess around the
1. sample stage

Note: The top of the base has a lip where the
evaporation shield fits.

Install the evaporation shield

 Place your sample onto the scanner.
 Place the evaporation shield on the base.
e Add a drop (approx. 100uL) of liquid to

2. submerge the sample

Note: The tab on the shield makes a nice handle
to allow you to manipulate it into position. Use
tweezers to fit the bottom edge of the shield into
the groove on the base.
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9.3.4. Sample Mounting
Typically a sample is mounted directly to a steel AFM puck as would for air imaging. The sample should be

large enough to allow a drop of liquid to be placed on it. If #pecimen is a material which requires a substrate,
a piece of mica or a 15mm glass cover slip should be epoxidtetsteel puck.

9.3.5. Installing the Cantilever Holder

1. Install the appropriate cantilever for your experiment.

Immerse the sample:

» Add a drop of liquid (approx. 100uL) onto

2. the sample surface.

A laboratory pipette is recommended to
deliver the liquid.

Wet the cantilever:

» Add a small drop of liquid to the window of

3. the droplet holder to submerge the
cantilever.

* This prevents bubbles and unwanted
bending of very soft levers.

Mount the cantilever holder:

* Fit the droplet holder into the dovetail
socket on the scanner as you would for the
air cantilever holder (segtep 17 on
page 46

* If necessary, use the coarse approach wheel
on the front of the enclosure to raise the
cantilever holder pillar high enough to clear
the evaporation shield if it's installed.

5. Secure the droplet holder to the engage pillar by tightettieglovetail clamp. Remember to only hold the
driver tool with your fingertips and gently tighten the screw

YLUM
ESEARCH BETA Page 78

an Oxford Instruments company



Ch. 9. Fluid Imaging in a Droplet Sec. 9.3. Preparing for Imag  ing

9.3.6. Engaging

9.3.6.1. Pre-engage adjustments

Coarse Engage:

* Pull the scanner forward.

 Using the control wheel on the instrument
base, slowly lower the holder toward the
sample.

» Look down through the glass window and
watch for the moment it contacts the liquid.
You will notice the drop on the window will
disappear and the view through the glass
becomes slightly darkened.

 Stop lowering the holder when this happens.

2. Push the scanner into the chassis and close the scannerafeting chassis.

The droplet holder is designed to work only in fluids. Do ngtttr engage the tip in air.
The software automatically compensates for the refraatidex of water. Focusing on the

Warning tip and sample in air will cause the actual distances to beriect and the cantilever will
crash into the sample. This feature can be disabled but fesrgéusage, please only
focus the optics through water.

9.3.6.2. Focus on the cantilever

Adjust objective focus ring:

» Move the focus offset ring on the objective
to the 2mm position. This is necessary in
order to compensate for the change in focal
depth of the objective focusing through the
glass window and liquid.

Note: Moving the focus offset ring to 2mm is
important to correctly focus the instrument’s
optics. The system requires correctly knowing the
tip and sample focus in order to avoid the tip
crashing into the sample and for proper deflection
detection.

2. Focus on the cantilever as you would normally do for air imggoutlined in more detail id.3. We assume
you are familiar with that tutorial and will only cover the magoints briefly.

3. Set the cantilever focus position.

4. Use Spot On to move the cantilever under the AFM light spot.
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5. Zero the deflection voltage.

Note: On occasion, an air bubble may get trapped between the glas®w and the cantilever. If this has
happened, raise the droplet holder out of the liquid and tat@ack into coarse position over the sample. If the
bubble is still there you may need to remove the droplet hrpkieek off any liquid on the window and reapply a
fresh drop to the cantilever area.

9.3.6.3. Focus on the sample

1. Lower the objective until features on the sample surfaceecimto focus.

2. Setthe sample focus position.

3. Click on the '"Move to Pre-Engage’ button.

4. Make any adjustments to the AFM spot or the deflection voltegfere engaging the tip.

Using the Field Diaphragm to focus on transparent samples

In cases where there is nothing to focus on because the spednfieatureless and the substrate is transparent,
you can focus on the edge of field diaphragm which typicallnes into focus about 30um above the actual
sample surface.

Being familiar with this method takes a little practice bute you know what visual ques to look for, it becomes
relatively easy.

Adjust the aperture diaphragm:

» Adjust the Aperture Diaphragm lever (
labeled A) on the View Module to reduce
the illumination by about 90%.

* In the software, increase the illumination
brightness to compensate for the reduction
of light. This will help increase the image
contrast and in many cases this is enough to
see fine surface details.
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) Video o=

# spotOn « TipPos & Zaom X+V Center  Options ~  Capture

Adjust the aperture diaphragm:

» Adjust the Field Diaphragm lever (labeled
F) on the view module until the edge of the
aperture comes into view in the video
image.

100 pm

Zoom:10  Coords: 786, 7383 um E |

] Video =l=E
# SpotOn W TipPos & Zoom X+Y Center  Options ~  Capture

Lower the objective:

» Lower the objective while watching for the
surface to come into focus.

» As you lower the objective, you will first
see the edge of the field diaphragm come
into focus.

* Once the field diaphragm is in focus, slowly
continue to lower the objective. Look for
subtle structures like the edge of a layer of
mica or small bits of debris. This is most
likely the sample surface.

100 pm
Zoom:10  Coords:786,7383um M G

4. One way to confirm this is to note the focus position distacated just below the arrow buttons. Raise
the objective back up to focus on the field diaphragm and naterhuch the focus distance has changed.
Typically, the sample focus distance is about 30um belovidbes distance of the field diaphragm.

Note You may see that the edge of the field diaphragm is shiftedeoffes. This is due to a small amount
of misalignment of the illumination path in the view modula.many cases this can help you distinguish
when the edge of the field diaphragm is in focus.
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5 Video == =]
# Spoton W TipPos & Zoom X+V Center  Options ~  Capture

Going too far:

« If you cannot confirm you are focused on
the surface, slowly continue to lower the
objective until you see lots of coarse
looking features. These features are
typically scratches on the steel puck you
have mounted beneath the substrate. If you

5. see this type of structure, you have focused
below the sample surface and need to raise
the objective.

 Slowly raise the objective until you either
see:

— 1st - a feature on the sample surface or

— 2nd - the edge of the field diaphragm
or

— 3rd - the cantilever.

Zoorm:10  Coords: 786, 7383 pm j

6. If you have raised the objective focus all the way up to thelle¥ the cantilever then lower the objective
back down to focus on the field diaphragm and set the samplis there. You will be approximately 30um
higher than the actual sample. The result of this is a slidbtiger time for the system to engage the tip.

7. Once the tip and sample (Field Diaphragm) focus have beeclggt on the‘Move to Pre-Engage’ button
and make any small adjustments to the AFM spot position oedifin voltage prior to engaging the tip.

9.4. Imaging with the Droplet Holder

9.4.1. AC Mode Tuning Specifics

The technique of AC mode imaging in fluid relies on the motibthe piezoelectric actuator in the droplet holder
to be sent to the cantilever through the fluid. This indirectaeoustic” drive of the cantilever is greatly affected
by the volume of fluid, the stiffness of the cantilever, anelfitrequency of the drive signal.

In most cases it is not possible to simply auto tune the euetilat it's resonance. Manually tuning the drive signal
is the preferred method. In order to know where to tune yoicafly find the amplitude peak by first measuring
the thermal resonance of the lever. Once the thermal resensifound, you can overlay the thermal spectrum on
the tune plot. As you drive the piezo in the droplet holdet 8ge several peaks in the amplitude plot as the drive
frequency is swept. The peak you choose is typically thedsgpheak inside or near the thermal peak.

Once an amplitude peak is selected and the engage routtieadiit is not uncommon for the system to false
engage as the driving forces on the cantilever change.heigfore common to re-tune the system as the tip gets
closer to the surface. A typical tuning session goes somegiikie this:

SYLUM
ESEARCH BETA Page 82

an Oxford Instruments company



Ch. 9. Fluid Imaging in a Droplet Sec. 9.4. Imaging with the Dr  oplet Holder

Capture a thermal plot

| v s oom vl s | s amedme © e e

 Collect the thermal signature of the : Ay
cantilever. : _ AN

« For more information on capturing thermal o e \ \/\J

1. spectra please redpplications Guide, : : . ‘

Chapter: Thermals ! \\)'

In this example the cantilever used is an Olympus \/\J\‘
TR400PSA having a nominal air resonance of '

about 40KHz and a spring constant of .1nN/nM.
In water, the thermal resonance is about 7KHz.

T T
ke Wz T T 14

Manually tune the cantilever

« In the manual tune parameters set the drive
frequency to the approximate frequency of

2. the cantilever’s thermal resonance.

» Set the sweep width to 10KHz.

» Set the drive amplitude to 1-2v.

* Click on the continuous tune button and
sweep the drive frequency.

Manual Tune
Drive Frequency | 75.000kHz  |&
Sweep Width | 5.000 kHz =i
Drive Amplitude | 100.00 mV :

Select an amplitude peak

* Click on the append thermal check box to
overlay the thermal data onto the amplitude
plot

 Look for a peak inside the thermal

3. signature. Generally the peak with the
highest amplitude is the one to try. The peak
should have a smooth rise in amplitude and
have stable output as the frequency is swept.

» The peak near 6Khz is good although the
lower amplitude peak at 9KHz would also
work.

Set the drive frequency and calibrate the =
phase signal

» Move the mouse cursor to the apex of the
amplitude peak, right click and select 'Set

4. Drive Frequency’

» The software will center the pot on the peak.

* Click on the 'Center Phase’ button in the
tune panel to adjust the phase signal to the
center of it's range.
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5. Click on the 'Stop’ button in the tune panel when the systemrned.

9.4.2. Imaging Specifics
9.4.2.1. Engaging in fluid in AC mode

As the tip is being lowered to the surface during the engaggre, the Cypher is doing a series of triggered force

curves looking for the free amplitude to equal the setpodttage. Once the free amplitude is seen as equal to
the setpoint voltage, the system stops the approach andssdeved to have found the surface. This works pretty
well but in fluid there are several things that can triggersef@ngagement.

» The Feedback Filter - The default frequency response ofetba@back filter is 5KHz. Since the resonance
of the cantilever in this example is around 6.5KHz, the unstent is allowed to see frequencies too close to
the oscillating frequency of the lever. This will cause th&ware to detect the alternating movement of the
cantilever as the amplitude is changing and trigger a falgagement. Lowering the feedback filter value
to around 2KHz will avoid this. Using stiffer cantileversttvia higher natural resonance will not need this
adjustment.

» Hydrodynamic drag - The abrupt drop in the cantilever hofllar during a motor step can cause a jump
in the deflection signal. This is caused by the drag of thadidpending a low spring constant cantilever.
Lowering the Feedback Filter to around 2KHz will help redttds effect. Stiffer cantilevers will not show
this problem.

* The amplitude changes due to the peak shifting frequency th& probe is lowered to the surface, the
amount of liquid between the glass in the droplet holder Aedstimple surface can change the coupling of
the drive signal into the cantilever. This may excite thetib@ver at a different frequency so a previously
tuned cantilever may not be in tune anymore. If the instrurtriggigers an engagement, you may want to
go back to the tune panel and do a single tune to see the adetiésponse and re-tune if necessary.

Check for a real tip engage by clicking on the 'Engage’ buitothe Sum and Deflection meter panel. Reduce
the setpoint voltage in the master controls panel and watethéhavior of the Z control voltage. If by lowering
the setpoint voltage you see the Z voltage move all the wap@vdlts then the system has false engaged and you
should check the tuning of the lever and adjust as necedégou see the Z control voltage move to a value and
stop then you most likely have correctly engaged. Beginrsioan

One useful thing is to monitor the deflection signal. Norm#ie deflection signal is not
shown since the feedback signal is the Amplitude. Monitptive deflection signal is
helpful because in some cases the deflection will jump up@syinthe tip is has engaged
in contact mode when the amplitude is falling. If this happitindicates that the
amplitude signal may be the result of deflections from theltcholder components
themselves resonating or the cantilever bending in a wayptioaluces angular motion of
Tip the optical spot and not the result of the cantilever flexintpa tip end. If you see the
deflection signal changing as though it's engaging in cdamtenxxle then most likely you
should re-tune the system and try driving the lever at a wdiffefrequency (choose a
different peak). This behavior is the result of using lowisgiconstant cantilevers. Stiffer
levers typically do not do this.
To display the deflection signal, click on the 'Setup’ buttoithe Sum and Deflection
meter panel. Change the deflection from Auto to Show.

Do a force curve and monitor the amplitude signal. The amniditsignal should show an
Tip abrupt drop to 0 volts just before tip contact is made. Doifgree curve is equivalent to
seeing the conditions of the last engage cycle during thepgoach.
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Adding additional fluid during scanning
During the experiment, you may find that the tip
develops a tendency to float off the surface. This
1. | may be due to evaporation causing a loss of fluid
volume which directly affects the AC drive
oscillating the cantilever. If you suspect this has
happening, use a pipette to add additional fluid to
the tip/sample area and re-tune the system.

After scanning

2. » After you are finished scanning move the
focus offset ring on the objective back to
Omm.

9.5. Removal and Storage

9.5.1. Removing the Dish

Please segection 9.3.1 on page & details.
1. Unscrew the sample dish from the scanner.
2. Thread the standard scanner magnetic insert into the sceample stage.

3. Use the point of a pair of tweezers to tighten the insert.

9.5.2. Storage

Always clean the cantilever holder before storage. If itagticularly dirty, disassemble it before cleaning. Please
seeSection 10.2 on page 96r the details. When clean and dry, store the cantilevetldrahnd the other parts
and tools in its designated kit box.

9.6. Cleaning and Repair

In daily use, the droplet holder can be cleaned by rinsing#p®sed surfaces of the glass window and cantilever
clips with clean de-ionized water. Following the rinse, llwdder can be dried using low-pressure compressed air
or by blotting with a soft tissue.

For thorough cleaning, the droplet holder must be disaskemiOnly the parts exposed to the sample liquid
should be cleaned. The cantilever holder body and assdaégetronics should be kept dry.
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The cantilever holder clip, window assembly and evaponatisntrol components can be cleaned by soaking in
ethanol. Sonication of the parts can also be performed.eRhmes parts in clean de-ionized water. Dry the parts
with either low-pressure compressed air or a soft tissuerbetassembling the holder.

9.6.1. Disassembly

[3X]0-80 SHCS, REFLACE WWITH ASYLUM
RESEARCH PART # 222 070

’,/ff#ofso X 062 SETSCR
i

4

114266 BASE, DROFLET HOLDER
DOWVETAIL, WERSIOM 2

BONDED ASSEMBLY CONSISTING OF
114267 RING, DROPLET HOLDER ANMD
112.812 WINDOW, DROFPLET HOLDER, 575 DIA

N
230035 O-RING, 5571 ID ¥ 022 C$, SHORE 60 FLUOROCARBON

114.268 CLANMP, STEELSPRING CANTILEWER, WVERSION 2
222.094 WASHER, .157 OD X .0%6 IDX .010 THE, 17-7 88, BOKERS

CAHIER R TR AR ASSEMBLY, DROPLET HOLDER

Figure 9.3.: Droplet Cantilever Holder Assembly Overview
The following steps will guide you through removing varice@mponents for cleaning as well as reassembling
the holder afterward.
Before you disassemble the droplet holder, take the timartolifarize yourself with the way it is assembled.
The key components are:

* The cantilever clip and the associated mounting hardware

» The droplet holder window assembly and associated maghtindware
As you disassemble the holder, take note that the screwstémhing the window assembly are a specific length.
Reassembling the window with the longer screws can resalaimage to the glass by either cracking or causing
it to become detached from the metal mounting ring.

» Use only 0-80 x 7/64 Socket Head Cap Screws to attach theowimgsembly.

e Use only 0-80 x 1/16 Cup Point Socket Set Screws for the gieglmad screw.

Due to wear and tear of use, the droplet holder accessorykies with replacement screws. Please contact
Asylum Research for additional hardware if proper replaeet:icannot be obtained locally.
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Required tools and fasteners:

 0.050” hex driver or Allen wrench for the
0-80 x 7/64??? socket head screws to attach
the window assembly.

e T5 x 40Torx driver for removing the
cantilever clip

 0.028" hex driver or Allen wrench for the
0-80 x 1/16 Cup Point Socket Set Screws
for the piezo preload screw.

Warning Using other fasteners than those
specified will damage your equipment.

Loosen the piezo preload screw

Tools 0.028” hex driver or Allen wrench

» Loosen the piezo preload setscrew 1 turn.

Remove the spring clip

Tools T5 x 40 Torx driver

* Remove the screw securing the spring clip
to the droplet holder body.
» Remove the clip from the droplet holder

body. 114.
 Set the parts aside for cleaning. 2990 (094 WASH
222072 M2 x4T
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Ch. 9. Fluid Imaging in a Droplet Sec. 9.6. Cleaning and Repai r

Remove the window assembly

Tools 0.050” hex driver or Allen wrench

Remove the three screws holding the glass
insert into the holder body.

Remove the window assembly.

Use a Q-Tif to gently push the window out
of the Droplet holder body

»

Caution: Push gently on the top side of the
window. Be careful not to push on the piezo
actuator (Pink block in illustration)

2 Typically a wooden or rolled paper stick tipped with cottodommonly used for cleaning your ears. Also called “cotton
swab”.

9.6.2. Cleaning

The cantilever holder clip, window assembly and O-ring carcleaned by soaking in ethanol. Sonication may
result in weakening the glue bond of the adhesive used tohattee window to its mounting plate so limited
amounts of sonication (less than 15 minutes) of the partsdismmended. Rinse the parts in clean de-ionized
water. Dry the parts with either low-pressure compressearai soft tissue before reassembling the holder.

The rest of the holder parts can be cleaned with a cotton snalethanol. Avoid areas with electrical wiring or
circuit boards. If you are unsure about having gotten thengitmits wet, dry the parts (perhaps under the warmth
of a desk lamp) for a while. Dry the parts with low pressure pogssed air in any case.

9.6.3. Reassembly

1. Fitthe o-ring into the groove in the window mounting plat@age o-rings are supplied in the accessory kit
for the droplet holder and more can be obtained from Asylusedech if necessary.

2. Place the window in the holder aligned so that the ramp in tagsgoints toward the hole for mounting the
cantilever spring clip. The O-ring around the edge of thedeim mounting ring will prevent the window
from fitting directly into the holder body.

3. Use a finger to gently push the window into the holder body. és gush on the window, be aware that
the o-ring will need to compress in the recess of the holdéelybdn order for this to happen, it may be
necessary to use a small tool like the point of a pair of tweetrehelp guide the O-ring to fit.

Note: There is a small recessed area in the metal ring where the aaaator fits. Be careful not to hit the piezo
or twist the window into position.
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Secure the window assembly

Tools 0.050” hex driver or Allen wrench.

 Using a finger to hold the window in place,
thread the three 0-80x7/64 socket head

1. screws the window to the holder using.

Once all three screws are started, gently

tighten them with uniform pressure.

Note Do not over tighten the screws. A small
amount of torque is all that is required.

Install the cantilever clip

Tools 0.050” hex driver or Allen wrench.

* Lay the cantilever holder body circuit board
side down.

* Place the clip on the holder body with the
taper on the clip facing away from the
window.

2. | Note The end of the clip is tapered to provide
clearance between the underside of the clip and
the sample surface. Be sure the flat side is against
the glass and the taper is away from the glass.

» Secure the clip to the holder with the Torx
screw and washer. The clip may want to
rotate as you tighten the screw. Use a pair of
tweezers to hold the clip in the center of the
ramp while you tighten the screw.

9.6.4. Adjusting Piezo Preload

When first disassembling the droplet holder for cleaning,dfeload screw was loosened. Doing this allows you
to readjust the compression on the piezo element propedyiafs reassembled. This is recommended since the
amount of compression is very small and the piezo positiop change when you remove and reinstall the glass
window.

1. Install the Droplet holder into the scanner.

2. Lock the clamp on the scanner to secure the droplet holder.
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Activate the tune sweep

« In the AR SPM Software, select thene tab Moy i

3. of themaster panel.

e UnderManual Tune, set the parameters as
shown to the right.

* Hit the ‘Continuous’ (tune) button.

Drive Frequency 75.000kHz  [& () £l

=@ [z

RO [l

Adjust the piezo compression

Tools 0.028” hex driver or Allen wrench

« Listen for a small chirping sound coming
from the droplet holder.
4. » Gently tighten the preload setscrew until the
chirping sound becomes abruptly louder.
This is the point where the set screw has
compressed the piezo into the back of the
window assembly. Once this happens the
preload is set.

9.6.4.1. Finishing up

1. Back to the software, undefanual Tune hit the Stop Tune button.

2. Done. Remove the cantilever holder and store it or put in &éllesar and start imaging.
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10. iDrive Imaging

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
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This section explains the use of the iDrive version of the l@Droplet Cantilever Holder. In addition to the
standard Droplet Cantilever Holder’s functionality, tiive version has the ability to drive a small AC current
through special iDrive compatible cantilevers. It alsotedms a small magnet, the field from which causes a
torque on the current flowing through an iDrive cantileveusiag it mechanically oscillate. This allows for
an AC mode imaging experience in liquid superior to that eefd with standard acoustically driven AC Mode
imaging.

Before you start:

* We assume you understand the aspects of running this sgstfety: Chapter 1 on page 3

* You are familiar with the basic names of the hardware coreptsiand software control€hapter 2 on
page 14)

* You have powered up the Cypher and launched the softw@reater 5 on page 33

 You are comfortable with AC Mode Imaging in Air, as instredtby the tutorial: Chapter 7 on page 40

« You have mastered fluid imaging in a dropleZh@pter 9 on page 72

Review: The iDrive cantilever is based on the Droplet Holder covenre@hapter 10 on page 9Please read
this chapter for general use of the cantilever holder an@#isécs of using it for contact mode and AC imaging in
liquid drops.
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10.1. Nomenclature

See figurdrigure 10.1 on page 92

#0-80 % .062 SETSCR

1 ('\\[SX]O—EDO SHCS, REPLACE WITH ASYLUM
)

RESEARCH PART # 222,070

113.6520 BASE, | DRIVE DROFLET HOLDER

BONDED ASSEMBLY CONSISTING OF

113,265 RING, DROPLET HOLDER AND

113.612 WINDOWY, DROPLET HOLDER, .575 DIA
208.017 MAGNET, B221 NEODYMIUM BLOCK, K&

230,035 O-RING, .551 ID X 022 CS, SHORE 60 FLUOROCARBON
201,741 ASSEMBLY. | DRIWE CANTILEVER CLAMP

222,095 WASHER, .312 OD X .126 ID X 010 THEK, 17-7 55, BOKERS

222026 M3 TORX SCREW X 6MM LONG

Figure 10.1.: iDrive Droplet Holder

10.1.1. Specific iDrive Droplet Holder Differences
10.1.1.1. The cantilever clip assembly

The spring clip that holds the cantilever in the droplet leoid an assembly of two thin clips molded into a plastic
block which together are the same basic shape as the sifgfewhd on the standard droplet holder. In addition
to clamping the cantilever, the split clip design is used ais @f electrical contacts to send the AC drive signal
through an iDrive style cantilever. Inspecting the desifthe iDrive holder will show that there are two gold
spring clips (Pogo pins) that contact the back of the cligsese pins carry the AC drive signal from the droplet
holder’s circuit board.

Figure: Here are top and bottom views of the split
clip assembly.

Notice:

« the exposed area of the clips which are the
contacts for the pogo pins.

« the step along the molded section is used for
keying the clip into the droplet holder body.

« the bands of Teflon act as a hydrophobic barrier.

« like the standard droplet holder clip, the bottom
of the clips are tapered to provide sample contact for pogopins
clearance.
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10.1.1.2. The window assembly

The window assembly used in the iDrive droplet holder défenly in that there is a magnet bonded to the top
side of the glass window just above the cantilever.

Figure Here is a view of both window assemblies for
comparison.

Note Due to limited space in the design of the droplet
holders, the windows are not intended to be
interchangeable. However, the standard window will
fit into the body of the iDrive holder but the window .

from the iDrive holder will not fit in the standard iDrive Window Sandard Draplet Windaw
droplet holder body.

10.1.1.3. Installing an iDrive cantilever

Installing an iDrive style cantilever is basically the saprecess as a standard cantilever. The difference is that
you need to pay close attention to the placement of the eaatilchip so that the split in the contact area on the
chip is between the split in the cantilever clip. This wilkate a circuit so that AC current flows up through one
clip, through the cantilever and returns through the otkipr ¢

Figure Here is a view of the surface of an iDrive style
cantilever.

Note

» The entire surface of the cantilever is coated
with a layer of gold.

» The insulating lines are etched in surface to
create to contact pads.

» Each of the outer pads are connected to one leg
of the smaller cantilever.

» The center area is isolated and is not associated
with the cantilever’s function.

» The typical resistance between the electrodes is
10 Ohms with both of the small cantilevers
intact.

* Itis okay to scan with both levers intact.
Breaking off the unused small lever will simply
raise the resistance of the conducting path but
generally doesn’timprove performance.
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Install an iDrive cantilever into the droplet
holder

« Align the chip under the electrodes so that
only one cantilever clip contacts one of the

1. contact pads.

* Use an Ohm meter to check the resistance
between the cantilever holder spring clips.

Note The center narrower electrode is isolated so
it's okay to allow one of the clips to touch it.

10.1.2. Preparing for Imaging

Since this cantilever holder is nearly identical mechdhjida the Droplet Cantilever Holder, please refer to
Chapter 10 on page Jar details on

¢ mounting the sample and the sample dish,

« using the evaporation shield,

« installing the cantilever holder in the scanner,

» contact mode or acoustic AC mode imaging specifics,

* removal and storage.

Only keep reading on here for the specifics of iDrive imagind eleaning and assembly instructions.

For contact mode or acoustic AC mode imaging, there is no need to use special
iDrive cantilevers. You can still use any standard cangitdfar this type of imaging, just
as you would with the standard Droplet Holder. Only use spiébrive cantilevers if you
actually intend to use this method of exciting the cantiteve

Tip

10.1.3. iDrive AC Mode Tuning Specifics

1. With an iDrive cantilever installed, align the laser ontdlte lever and take a thermal measurement.

2. Perform the same steps to manually tune the drive signahdrthe frequency range of the thermal peak as
you would do for acoustic AC mode imaging.
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Feature: Activating the tune for iDrive cantilevers

The software automatically scans the cantilever
holder socket and identifies the type of holder you are

using. In the Tune tab, the check box labeled iDrive Other Things

will automatically be checked if an iDrive droplet Dual AC Mode [7] =
holder is detected. If the iDrive check box is checked, iDrive [7] [CheckHoider| (@
the drive frequency is routed to the cantilever clip Backwards [ Both [ @
instead of the piezo electric actuator. Append Thermal [#] SHO Fit[] @

» Uncheck the iDrive check box to deselect the
iDrive signal and send the drive frequency back
to the piezo for acoustic AC imaging.

Figure iDrive Tune

i) 2510 fEULIEY L

Here is an example of a magnetically driven iDrive
cantilever
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Here is the same iDrive cantilever acoustically tuned 05
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10.1.4. Imaging Specifics

Once the cantilever is tunes and you initiate the engagéneugou may notice the free amplitude slowly de-
creases as the tip gets closer. This is due to the interaafitng steel sample puck interfering with the magnetic
field lines emitted by magnet in the iDrive holder. As you d@s begin to happen you may wish to increase the
drive amplitude in the main controls tab. Generally a few "ldkcks while the tip is approaching is all that's
needed.

As a point of reference, a free amplitude of around 500mv negyire 2-5v of drive. This is not a problem but
simply a point to note as you learn to operate the system Wwithe types of probes.

Another thing to note is that the volume of liquid has littiéeat over the amplitude response of the cantilever
with iDrive. since the cantilever is driven magneticallydarot by the acostic pressure waves transmitted through
the fluid.

After an imaging session is completed, clean the cantilbo&ter before storage. If it is particularly dirty, disas-
semble it before cleaning. Please 46e2for the details. When clean and dry, store the cantilevetdradnd the
other parts and tools in its designated kit box.
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10.2. Cleaning and Repair

In daily use, the iDrive cantilever holder can be cleanedibgimg the exposed surfaces of the glass window
and cantilever clips with clean de-ionized water. Follogvthe rinse, the holder can be dried using low-pressure
compressed air or by blotting with a soft tissue.

For stringent cleaning, the iDrive cantilever holder mustdisassembled. Only the parts exposed to the sample
liquid should be cleaned. The cantilever holder body andaated electronics should be kept dry.

The cantilever holder clip, window assembly, Mounting heeice and evaporation control parts can be cleaned
by soaking in ethanol. Sonication of the parts can also bfpeed. Rinse the parts in clean de-ionized water.
Dry the parts with either low-pressure compressed air oftaissue before reassembling the holder.

10.2.1. Disassembly

#0-80 » 062 SETSCR

o :'\[SX]O—EIO SHCS, REPLACE WITH ASYLLUM

; J.' RESEARCH PART # 222.070

113.4520 BASE. | DRIWE DROFLET HOLDER

BONDED ASSEMBLY CONSISTING OF

113.265 RING, DROFLET HOLDER AND

113.812 WIND OV, DROPLET HOLDER, .575 DlA
208.017 MAGNET, B221 NEODYMIUM BLOCE, K&J

230,035 O-RING, .551 ID ¥ .022 C3, SHORE &0 FLUORODCARBON

201.741 ASSEMBLY, | DENWE CANTILEVER CLAMP

222095 WASHER, 312 OD ¥ 124 ID X 010 THEK, 17-7 55, BOKERS

232,094 43 TORX SCREW X &M LONG
Figure 10.2.: Droplet Cantilever Holder Assembly exploded view

With the exception of the cantilever spring clip and the &ddiof a magnet to the window assembly, the iDrive
Droplet holder is mechanically identical to the standardet Holder. Please refer to the cleaning and repair
section for the standard Droplet Holdgection 9.6 on page 85

To summarize the steps to disassembling and cleaning tderhol
1. Remove the cantilever clip.

Loosen the preload set screw above the piezo actuator.

Remove the three screws retaining the window.

Gently push the window out of the holder body.

o M DN

Clean the parts.
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10.2.2. Reassembly

To summarize the steps in reassembling the iDrive holder
1. Install the window assembly.

2. Install the cantilever clip assembly.

3. Set the preload on the piezo for acoustic AC imaging.

You may ask why the acoustic AC mode piezo is necessary wigeiDtive system is
available as an AC drive for the cantilever. Practicallyadpeg, it's useful to switch back

Attention and forth between acoustically driving the cantilever asig iDrive. Even if you don't
see the need, the next person using the cantilever holdét,sigit's a good idea to

perform the final piezo pre-load steps.

Tip Pogo pins

The pogo pins are spring loaded and carry the signal
to the cantilever clip. Be careful not to bend them as
you reinstall the cantilever clip assembly.

« Start by placing the cantilever clip in place

 Loosely thread the retaining screw. Don't forget
the washer.

» Use tweezers to help keep the clip from rotating
until the step on the back of the assembly mates
with the step that is machined into the holder
body.

Tip Aligning the cantilever clip on the body

The cantilever holder body and the clip assembly have
a step that engage to help align the clip straight.

e The step in the plastic of the clip assembly can
be crushed if you tighten the retaining screw
with the clip improperly aligned.

« If the step becomes damaged residual plastic
may be pushed over the pogo pin area and
prevent the clip from touching the pins.

 Take time to familiarize yourself with the parts.

» Take your time when reassembling the holder

10.3. Older Models

There has been one significant redesign to both the standdii@eve droplet holder. The design addressed:
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« the complexity of disassembling and reassembling thedrsldfter cleaning,
e Improvements in sealing the window from fluid leaks,
 ease of use of the evaporation shield.

If you have one of these versions of the droplet holders sgleafer to this section for cleaning and maintenance.

These revision holders are no longer made. There is an ogpgampaign to replace all of
these holders free of charge. If you have already receiveglacement droplet holder

Note and you experience a failure of this design, we cannot sujftpdiryou have not yet
received a replacement droplet holder, and are experigadailure please contact
Asylum Research.

10.3.1. Cleaning and Repair

In daily use, the iDrive cantilever holder can be cleanedibgimg the exposed surfaces of the glass window
and cantilever clips with clean de-ionized water. Follogvthe rinse, the holder can be dried using low-pressure
compressed air or by blotting with a soft tissue.

For stringent cleaning, the iDrive cantilever holder mustdisassembled. Only the parts exposed to the sample
liquid should be cleaned. The cantilever holder body andaated electronics should be kept dry.

The cantilever holder clips, insulator plates, window asisly and evaporation skirt can be cleaned by soaking in
ethanol. Sonication of the parts can also be performed.eRhmes parts in clean de-ionized water. Dry the parts
with either low-pressure compressed air or a soft tissuerbeEassembling the holder. please 5es.1.1

10.3.1.1. Disassembly

LT MRIC-ED K 1R LONG BRES

Leeer——GASKED 22N 2

1139284 CAP IDENT S AKP NG - =

VIERERA CAD | DEVI MELATED CAMT NG
V159600 CLAMP . | DRIVE CHIF LHS ==

1I3FE1B CLAME |DRVE CF 2 BHS—
1136550 BASE. | DEIVE CROPLETN H0LDER

1" 55284 BASE. | DRIVE CLAMP INSU_STED—

| |

¥ L o AN B ARTS, RIFIACT WiTH ASF L
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Figure 10.3.: Droplet Cantilever Holder Assembly Overview
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The following steps will guide you through removing varic@mponents for cleaning as well as reassembling
the holder afterward.

Before you disassemble the droplet holder, take the timartolifarize yourself with the way it is assembled.
The key components are:

» The cantilever clip and the associated mounting (insudgtplates

* The droplet holder window assembly

* The piezo actuator for performing AC mode.
As you disassemble the holder, take note that the screwstémhéng the window assembly are shorter than the
screws holding the cantilever clips. Reassembling the avindith the longer screws can result in damage to the
glass by either cracking or causing it to become detachex fihe metal mounting ring.

» Use only 0-80 x 7/64 Socket Head Cap Screws to attach theowiagsembly.

e Use only 0-80 x 1/8 Button Head Cap Screws to attach thelematiholder clips.

e Use only 0-80 x 1/16 Cup Point Socket Set Screws for the gieglmad screw.
Due to wear and tear of use, the droplet holder accessorykies with replacement screws. Please contact

Asylum Research or your local Asylum distributor for adalital hardware if proper replacements cannot be
obtained locally.

Required tools and fasteners:

* 0.050" hex driver or Allen wrench for the
0-80 x 7/647?7?7? socket head screws to attach
the window assembly.

* 0.035” hex driver or Allen wrench for the
0-80 x 1/8??7? button head screws to attach Small Fi , scaled
the cantilever holder clip. To ide

» 0.028" hex driver or Allen wrench for the
0-80 x 1/16??? Cup Point Socket Set
Screws for the piezo preload screw.

Warning Using other fasteners than those
specified will damage your equipment.

Loosen the piezo pre-load screw

2. | Tools 0.028” hex driver or Allen wrench

» Loosen the piezo preload setscrew 1 turn.
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Remove the spring clip

Tools 0.035” hex driver or Allen wrench

3. * Remove the screws securing the spring clips
to the droplet holder body.

» Remove the clip and the spacer plates from
the droplet holder body.

 Set the parts aside for cleaning.

Remove the window assembly

Tools 0.050” hex driver or Allen wrench

» Remove the three screws holding the glass
insert into the holder body.

* Remove the window assembly.

» Separate the silicone evaporation skirt if
installed.

10.3.1.2. Cleaning

The cantilever holder clips, spacer plates, window assgiaundl evaporation skirt can be cleaned by soaking in
ethanol. Sonication of the parts can also be performed.eRfmes parts in clean de-ionized water. Dry the parts
with either low-pressure compressed air or a soft tissuerbaEassembling the holder.

The rest of the holder parts can be cleaned with a cotton snalethanol. Avoid areas with electrical wiring or
circuit boards. If you are unsure about having gotten thengyttaits wet, dry the parts (perhaps under the warmth
of a desk lamp) for a while. Dry the parts with low pressure pogssed air in any case.

YLUM
ESEARCH BETA Page 100

an Oxford Instruments company



Ch. 10. iDrive Imaging Sec. 10.3. Older Models

10.3.1.3. Reassembly

Optional: Install the evaporation skirt

« Stretch the evaporation skirt around the edge
of the window. The edge of the window has
a small groove where the skirt fits.

« Align the cutout in the skirt with the
cantilever pocket. The cutoutis made to
allow a hole for the cantilever clip to fit
through the skirt.

Note The evaporation skirt is an optional part and
is not required for normal use. If you decide not to
use this part, please disregard the steps where
reference to the skirt is mentioned.

Position the window assembly

Tools 0.050” hex driver or Allen wrench.

 Place the window in the holder and use a
finger to gently press the window into
position.

Secure the window assembly

Tools 0.050” hex driver or Allen wrench.

3. » Secure the window to the holder using three
0-80 x 7/64 Socket Head Cap Screws.

Note Do not over tighten the screws. A small
amount of torque is all that is required.
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Install the cantilever clip

Tools 0.035” hex driver or Allen wrench.

 Lay the cantilever holder body circuit board
side down.

» Using tweezers, place the bottom spacer,
clip, and top spacers. Pay attention to the
raised features on the bottom spacer. They
must face up to mate with the clips.

» The top-most spacer is metal (purple in the
drawing) the one below that is plastic. Don't
reverse the order. The clips must be
sandwiched between plastic or the iDrive
current will be shorted before it reaches the
cantilever.

Note The tips of the clips are tapered. Be sure the
flat side is against the glass.

* If using the evaporation shield, maneuver
the clips through the hole in the shield.

» Thread in the 0-80x1/8 button head screws
by only a few turns.

Settle the parts together.

 Adjust the clips so that they seat over the

raised portions of the lower insulator. As

you shift the position of the clips they will

locate around the raised areas on the lower
S. insulator. When this happens the clips will
feel looser in the stack up of the assembly.
Continue to gently tighten the screws and
readjusting the clip position until the gap
between the parts is gone. Do not tighten
the screws yet.
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Adjust clips, tighten screws

Optional Tools  Stereoscope, scalpel or razor
blade.

* Inspect the two clips at the end where the
cantilever is held. The two clips should not

6. touch. Adjust the clips if necessary. The
point of a sharp razor or scalpel works well
for this step. A stereoscope helps to see the
details.

» Gently tighten the screws. Do not over
tighten the screws. A small amount of
torque is all that is required. Use only your
fingertips on the hex driver tool.

Optional final inspection

Optional Tools Ohm meter.

» Where the clips are widest, measure the
resistance between the two clips. It should
be infinite (open circuit). If it is finite, then
the clips are touching and you should loosen
the four button head screws and repeat the

7. previous step.

» The photo on the right shows a view from
behind where you should see a stack-up
(from top to bottom) of screw heads, metal
plate, plastic plate, clips, thicker plastic
plate, and then the aluminum cantilever
holder. Note the two gold coated spring
loaded pogo pins that must make contact
with the clips for the iDrive system to
function properly.

10.3.1.4. Adjusting Piezo Preload

When first disassembling the droplet holder for cleaning,feload screw was loosened. Doing this allows you
to readjust the compression on the piezo element propedyiafs reassembled. This is recommended since the
amount of compression is very small and the piezo positiopchange when you remove and reinstall the glass

window.
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Install the cantilever holder

Tools 0.050” hex driver or Allen wrench

» Take the assembled cantilever holder,
without cantilever installed, to the Cypher

1 SPM Small Fi , scaled
' ' . . To ide
* Insert the cantilever holder into the scanner.
 Finger tighten the screw which clamps it
down.
» No need to do any motoring up or down.
Move to the next step.
Activate the tune sweep el TS
Drive Fregueney | 5.000 kHz =
 Inthe AR SPM Software, select thne tab SweepWidth | 10000 Kz 14
of themaster panel. : e
Drive Amplitude | 2.00 v =
e UnderManual Tune, set the parameters as S %
2. shown to the right. Note the phase offset is 4 G_a'" 5__@_._0__0_0_07I : :
not important and sweep time of 1s is fine Telme 0968 5 &l
t00.
« Uncheck theDrive control, or the piezo will E
not receive any drive signal. Continuous 3]
* Hit the ‘Continuous’ (tune) button.

Adjust the piezo compression

Tools 0.028” hex driver or Allen wrench

« Listen for a small chirping sound coming
from the droplet holder.

» Gently tighten the preload setscrew until the
chirping sound becomes abruptly louder.
This is the point where the set screw has
compressed the piezo into the back of the
window assembly. Once this happens the
preload is set.
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Manual Tune

Drive Frequency -S_UUEIEHZ_ &3]
Finishing up SweepWiidth (10000 kHz |8
] Drive Amplitude | 200w |

» Back to the software, und@tanual Tune hit TR
4. the*One Tune’ button to stop the chirping. s 4
» Done. Remove the cantilever holder and @
store it or put in a cantilever and start Fhase Ofset | 54.
imaging. Input Gain |14 4B @
| Continuous | @
_One Tune_| 2l

You may ask why the acoustic AC mode piezo is necessary wheeibtlive system is available as an AC drive
for the cantilever. Practically speaking it's quite usetuswitch back and forth between acoustically driving the
cantilever and using iDrive. Even if you don’t see the nekd,rext person using the cantilever holder might, so
it's a good idea to perform the final piezo pre-load steps abov
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11. Conductive AFM (ORCA)
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This chapter explains the use of the ORCA cantilever holttepractical terms, the ORCA cantilever holder is
simply a standard air cantilever holder with the additiomafurrent to voltage converting amplifier.

Basic AC and Contact mode imaging can be performed with th€®Rolder. One major difference in its
construction however is the use of the electrical connedtiothe cantilever spring clip. The cantilever clip is
used as a connection to the input of the current amplifieerdttan a connection to a bias voltage source. Because
of this difference, the ORCA holder will not work for measorent techniques where the tip needs to be biased.

EFM (Electric Force Microscopy), Surface Potential - SKR&I{/in Probe Microscopy),
Note PFM( Piezoelectric Force Microscopy) imaging techniqueegiire the use of the standard
air cantilever holder.

11.1. Parts list

The following items are included in the ORCA cantilever hmld#tit. These accessories are included in both the
single and dual gain versions of the holder.

| tm |  Part# [ Item Description | Qy | Picture |
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Sec. 11.1. Parts list

Itm Part # Item Description Qty Picture
ORCA Holder 2nA/V
901.730 Dual Gain ORCA 1uA/1nA/V
1 901.708 . . 1
For other available versions see
11.2
ASTELEC- 10 pack of conductive Ievers.. Usgd QT
2 o1 for the measurements described in 1 / ;fizf;‘fg
this section. e
HOPG sample. Used as a
3 823.009 | conductive AFM test sample. See| 1
Section 11.3.2 on page 111
Sample bias wire assembly.
4 448.079 Connects sample to voltage source 6 \
' on top of the scanner. S&tep 1 on
page 112
Samarium Cobalt Magnet, 0.07” D
5 208.05 X.0.10_4 L. Used to connect the 6
bias wire to the sample. See
Section 11.3.2 on page 111
Leitsilber Conductive Paint, 0.5 Oz.
Used to conductively glue the
6 290.160 sample to an AFM disc. See !
Section 11.3.2 on page 111
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Itm Part # Item Description Qty Picture

Cypher ORCA 500M Resistor &
Assembly. A 500M Ohm Test

! 448.082 Resistor. Se&ection 11.5 on ! \
page 113
Cypher ORCA 1M Resistor
Assembly. A 1M Ohm Test Y

8 448.081 | posistor (Dual Gain ORCA Only). ! ~: .

SeeSection 11.5 on page 113

11.2. The ORCA Amplifier

There are a variety of ORCA cantilever holders each basedtioer@ single or dual amplification design. The
design type and amplification gain are labeled on the topehtiider. Like all the Cypher cantilever holders, a
built-in circuit in the holder allows the software to autaimally sense the type of holder and configure the system
accordingly.

The amplification range of the ORCA amplifier is expressed’bysensitivity. Basically the ability to produce a
voltage output from a certain current flow into the tip. Imterof the full range of the ORCA amplifier, the output
is +/-10v so multiplying the sensitivity by +/-10 will tellou the full range.

The ORCA amplifier incorporates the use of a trans-impedangdifier which converts the input current from
the tip to an output voltage. The input potential of the amefsrenced to ground so the tip is essentially held at
Ov potential. During the measurement, the sample can bedlaestween +/-10v using a voltage source provided
by the Cypher electronics.

Each ORCA cantilever holder has a fixed gain(s) to providéipgkest current measurement range while consid-
ering the lowest noise. The following ORCA holders are cutlyeavailable. Custom holders can be configured
on request.

| Part number| Sensitivity | Current Rangd Typical noise 1-1KHz]

901.730 2nAIV +/-20nA 1.5pA

901.737 0.2nA/V +/-2nA 750fA
1nA/NV +/-10nA 3pA

901.708 1LuANV +/-10uA 75pA

11.2.1. Single Gain

Here is a conceptual block diagram of the single gain ORCAIl#ienp The sample is biased from a voltage
source within the Cypher electronics. The feedback resigiosets the amplifier's sensitivity. The output signal
representing tip/sample current flow can be monitored bylemgathe 'Current’ channel in the master channel
control panel. Se€igure 11.1 on page 109

11.2.2. Dual Gain

A conceptual diagram of the dual gain ORCA amplifier showsrili&l current to voltage converter stage feeding
the input of a second gain stage to create an additional bsigneal. In the case of this design the more sensitive
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Feedback
Resistor

E | Current

Sample Bias

Figure 11.1.: Single Gain ORCA

signal comes from the second stage and is monitored as '@ufrem the master channel panel like the single
gain ORCA holder.

The output of the current to voltage amplifier’s first stage hdower gain (more total current range) signal is
monitored as 'Current 2’ from the master channel panel.

Having a dual gain design is useful in that it expands the dyaaange of your measurement capability but at
a sacrifice of some increased noise at small current levelmany cases the sample you may wish to measure
may have widely different regions of conductivity where therent may be too large for the range of the more
sensitive stage but suitable for the lower gain stage where current can be measured. In this case itis common
to see the 'Current’ signal (high gain stage) saturate wthéeCurrent 2’ signal show a measurable current flow.
SeeFigure 11.2 on page 109

Feedback
Resistor

E Sample Bias

Figure 11.2.: Dual Gain ORCA

Current

—— Current2

11.3. Preparing for Imaging

11.3.1. Zeroing the ORCA Current and Sample Bias signals

The signal path through the Cypher can pass through mangsstigignal conditioning. Each particular circuit
in the signal path can introduce a voltage offset which whadled together can skew the zero point of your
measurement. The following adjustments should be madeuosystem prior to imaging.
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11.3.1.1. Zeroing the ORCA current signal

1. Start the Cypher software if not already running.

2. Select contact mode as an imaging mode.

Install the ORCA holder into the scanner’s tip
engage pillar.

» The software will automatically add the
ORCA current and Sample \Voltage to the
items shown in the SUM and Deflection
meter window.

» Push the scanner into the chassis and close
the enclosure door. The ORCA current
amplifier is sensitive to RF and other

3. emitted signals such as florescent lighting.

» Note the current being registered in the Cur
display. In this example, the offset current is
around -30pA.

5 5um and Deflection Meter [=EiEnEE]
Sum|0.05 | ~ [ stopmeter |
Deflection|-0.06 | [ Engage |
Lateral[0.01 | [ zeoroFn |

" (=] @

Note If the Sum and Deflection meter window
does not update, Try adding Current as one of the
data channels in the Master Channel panel and
then reselect Contact mode as the imaging mode
the system.

%1 ARDeo IV Pandl B P Ol

I —

* Go AFM Controls to locate the DolV panel. " s
* Locate the Current Offset parameter at the urrent Sens [200nAV |3 2 [Aanaan |5 (2
4. bottom of the window.

Open the Do IV control panel

ntOfset|0nA ¥ 2[1248pa 5 (2

| coThere | | PickPoint | @

Spot Number | 1 |# [ Clear There @

[71 Show Markers  ["] Show Tip @

Note If you are using a Dual Gain ORCA holder,
the Current 2 offset and Sens. will be active.
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Press the 'Zero’ button to zero the current o : _ - —
. ) | 21 AR Do IV Panel =
» The Software will add the appropriate offset | p |
from the Current data to make the Current -
0A.
« Verify that the current is zeroed. = =t
Current Sens |2.00nAV 3 2 nanpaal |- (2]
5. | Note This is only a software offset. The actual [zero| Current Offset 377 pA |3 2[12dana s [2
electrical offset in the instrument is still present. | GoThere | [ PickPoint | @
. . Spot Number | 1 2 [Clear There @
Note If the zero button is not present in your , = l_g
. [T Show Markers [ Show Tip @
version of the software, zero the offset current by
typing the amount of current shown in the Cur [ setp | i
value in the SUM and Deflection meter panel.

11.3.1.2. Zeroing the Sample Bias

Measure the Sample Bias voltage on the
scanner’s terminal block.

» Check the 'Use’ check box next to the
Sample Voltage parameter in the DolV
1. control panel.

Note In this example, the measured offset Bias
voltage is -46mV

_ 5 ARDo1V Panel =l =
Enter the amount of offset voltage needed in f — =
! Amnlitude [1.000V |5 2
the S. Voltage Offset control parameter. B
JloggHz [ @
» Use the opposite sign of the voltage -
measured on the voltmeter to negate the == =
2 Sample Voltage [0 mV & [¥] Use 121
. actual voltage. ;
S. Voltage Offset | 45.80 my/ @
Note Make sure that the Sample voltage : - nanliel ]
parameter is set to 0 volts when making this
adjustment. '
“ | sewp | (@

3. Change the Sample voltage parameter and verify that thesmonding voltage appears on the Sample pin
on the scanner’s terminal block.

11.3.2. Preparing the Sample

Sample preparation varies but basically the goal is to plean electrical path between the sample bias and
the surface of your sample. In addition to the electricalngmion, care should be taken to mount the sample
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mechanically to a sample puck as you would with any sample.

The ORCA kit comes with a practice sample of graphite (HOP@umed to a steel puck. A small magnet is
attached to the sample puck to provide an easy way for thedadgo attach.

The magnetic connection method is convenient but is notgsacg. A bias lead of your own design can be
mounted directly to the sample puck and used as long as thefdéhd lead is able to fit into the sample voltage
socket on the scanner’s terminal block. Also, be certairstowire that is flexible enough to not impede normal
scanning.

The following steps describe how this sample was prepared.
1. Use a small amount of 5 minute epoxy to attach the HOPG to tim@leapuck.
2. Place a magnet onto the puck.

3. Cover the sides of the sample and the entire magnet withr gibiat.

The silver paint is not an adhesive. It will not provide gottdehment of the sample to
Attention the sample puck. Use the paint only to make an electrical@ction from the sample to
the bias voltage lead.

11.3.2.1. Install the sample on the scanner and connectthe b ias lead

Place the sample on the scanner stage and
connect the bias lead

 Position the sample so that the magnet is on
the right hand side of the scanner to prevent
interference with the cantilever holder.

 Attach one end of the bias wire to the
magnetic contact on the scanner top.

1.  Place the other end of the lead on the

magnet. The lead is magnetic and will stick

to the magnet when it's close enough.

Note The scanner cap is hard anodized aluminum
and will insulate the sample puck so bias voltages
up to +/-10v can be directly connected without
additional insulation.
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Adding resistance in the bias voltage path . .
ng res! I as voltage p Plug on end of a bias voltage lead into the sample

* In cases where your sample is highly socket on the terminal
conductive, you may want to add a known
resistance to keep the ORCA amplifier from
saturating. An example of this is the HOPG
sample provided in the Kit.

2. » Substitute the Bias lead with a bias lead

including a resistor.

Note The ORCA holder kit includes a 500Meg.
Ohm test resistor. If you are planning on scanning
the HOPG sample to practice using the ORCA
holder, use the test resistor instead of the bias leggq, -k

11.3.3. Mounting the Cantilever

Mounting a cantilever is the same procedure as is used irttedr &dFM applications with the exception of lever
type. Conducting AFM (ORCA) requires a conductive path leetwthe tip and the cantilever spring clip. The
ORCA kit includes a sample pack of 10 Electrilevers. Additiblevers can be purchased from Asylum Research.

If you are not familiar with basic AFM operating practicetggse review The basic operating tutorials section at
the beginning of this guide.

11.4. Imaging with the ORCA

Please refer té\pplications Guide, Chapter: Conductive AEM

11.5. Testing the ORCA Amplifier

The ORCA cantilever holder kit includes an appropriateedi resistor to test the measurement range of the
ORCA amplifier. Testing the ORCA is fairly straight forwarBasically the test resistor in installed between the
sample bias and the cantilever clip. An I/V ramp is plotted #re correct current flow through the resistor should
be observed.
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Install the test resistor under the clip on the
ORCA holder

» Hold the ORCA holder upside down in your
hand and use a fingernail to press on the
button on the top side of the holder to open
the cantilever clip.
« Slide the resistor lead under the clip.
» Release the button to clamp onto the resistor A
lead.

Note Using the changing stand also works but

1. | you may find that getting the resistor installed and
removing the holder from the stand is a bit tricky.
Using your fingers as described works well.

Note The cantilever holder body is conductive.
Position the lead under the clip so that is does not
touch the holder body. Basically, take care not to
insert the resistor lead too far under the clip or
have it off center.

Note It is not harmful if the resistor shorts to
ground. The current from the sample bias through
the resistor will not be measured by the holder.

Option 1: Install the cantilever holder and
connect the test resistor to sample bias

* Insert the ORCA holder into the scanner’s
engage pillar.

* Plug the lead from the test resistor into the
sample bias socket on the scanner’s terminal
block.

2.  Slide the scanner into the chassis and close

the enclosure door.

Note You may wish to double check the lead
under the cantilever clip to ensure it is not shorted
to the holder body.

Note The enclosure acts like a Faraday shield
which will help reduce outside electrical noise.
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lifier

Note

Option 2: Install the cantilever holder and bias
sample directly

As is noted here and in the Applications

manual, having a resistor is beneficial as in

a closed circuit, the current will be much
high than normal. A resistor will help
dissipate issues.

Insert the ORCA holder into the scanner’s

engage pillar.
Connect the bias wire to the scanner’s

terminal block, either by plugging the wire
in or with a magnet, then connect other end

to sample.

Slide the scanner into the chassis and close

the enclosure door.

You may wish to double check the lead

under the cantilever clip to ensure it is not shorted
to the holder body.

Note The enclosure acts like a Faraday shield
which will help reduce outside electrical noise.

Do
flow

11.5.0.1. Testing the first gain stage of a Dual Gain ORCA Ampl

Testing the final output of a Dual Gain ORCA amplifier is don¢hia same manner as testing the Single Gain
ORCA amplifier. Since the two gain stages are in series, thegf@in stage is automatically checked by default.

You can verify that both the Current and Current 2 data chigrare active in the software by monitoring both

an I/V plot and confirm the correct current

Go to AFM Controls-> Do IV panel and
open the I/V voltage controls.

Press the Do I/V button to perform an I/V
curve.

Confirm the current flow is the correct
amount based on the test resistor value.

Confirm the I/V plot is linear with O current
flow coinciding with 0 volts of bias voltage.
If the current is not flowing through 0 then
recheck the current and voltage offsets are

set correctly.

Note The 500M Ohm resistor should allow 2nA
of current to flow for 1V of bias voltage.

o

|| Remame | | 5w Greh Eot Gogylabaoat | g ©Leotrd | Disgiay Contoiz

ifier

signals when doing an IV plot. When using the 500M Ohm tesst@s you will notice the limits of resolution
and noise in the Current 2 signal as compared to the CurmgmilsiSed-igure 11.3 on page 116

The Dual Gain ORCA accessory kit includes a second 1M Ohnmgsittor which is more suitable for the current

ranges of the primary gain stage.
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e

Figure 11.3.: 2nA current flow through a Dual Gain ORCA

Test the first gain stage of the Dual Gain
ORCA Amplifier

* Install the 1M Ohm test resistor.
e Doan IV plot.
e Monitor both the Current and Current 2 data
channels.
* Verify that the 1Meg Ohm resistor produces S
1. 1uA for 1 volt of sample bias. \*

Note Note the behavior of the Current signal as it
saturates from too much current flow through the
circuit. This test is not harmful to the ORCA
amplifier. It is mainly a way of demonstrating the
behavior of the circuit when the final gain stage is
saturated.
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12.1. Introduction and Preparation

This is a fairly basic set of instructions on STM imaging w@ipher. At some point we hope to do a more proper
STM tutorial chapter which focus on imaging graphite witbraic resolution.

This chapter assumes you are familiar with AFM technique€ypherl you should first complete the tutorial in
Chapter 7 on page 44l least once.

12.2. Required Equipment

Cypher Standard Scanner

Handheld Digital Voltmeter

Cypher STM tip holder (Sekigure 12.1 on page 118
STM tips

< Jumper wire for applying bias to conducting sample

e Some tiny magnets and some tweezers and a few tools.

12.3. Preparing an STM sample

1. Place your sample on a steel AFM disc. It's assumed the saimglenducting and has a relatively flat
bottom.
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Figure 12.1.: Cypher STM tip holder. Note the probe tip sticking from the small tube.

2. Put some small dots of silver paint around the perimeter @fsttmple. And let the paint dry in a warm
place, like under a desk lamp.

Place the sample on the Scanner.
Place a small magnet next to the sample. The STM kit includes 5

Plug the bias wire into theample’ socket on the scanner’s terminal block.

o a0 W

Stick the other end of the wire to the magnet next to the sanvple can also attach the wire directly to the
sample puck.

Note The surface onto which you place the magnetic AFM disc isktawdized aluminum. The anodization
acts as an insulator which means the sample is only elel¢ggrezannected to the attached bias wire. If you ever
see any metal through the black surface (a possibility des¢essive wear, nicks, or abuse) then the sample bias
may not work properly. If that is the case a thin insluatingela such as a thin sheet of mica, can be placed under
the sample disc.

Additional magnets and bias leads can be purchased sdpaf#ttées mounting method is desired.

Alternately, simply bonding a small length of wire directtythe sample puck with solder or silver epoxy works
well. In many cases fixing the sample and bias voltage coiorecare sample specific. The sample socket on
the terminal block is sized to accept the diameter of a stahtldwatt resistor lead or similar diameter wire for
making your own bias leads.
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12.4. Load the tip

1. Locate your box of STM probe tips or s&ection 12.10 on page 12bout making your own.

2. With tweezers insert the STM probe into the holder. Note thafrobes are straight and not curved. This
is intentional. The tube in the STM holder is bent with a dlighrve. This bend will cause the straight
probe wire to fit tightly and reduce potential of drift due e teffects of stress in the wire. Push the probe
wire into the tube until the end of the wire begins to extentafthe top of the tube. Don't touch the tip at
any time.

3. Install the sample on the scanner.
4. Attach bias voltage lead from sample to ‘Sample’ socket @mser’s terminal block.

5. Insert the tip holder into the scanner and secure it with tBB@ hex driver tool.

5 AR Do 1V Panel =i
Amplitude | 200.000 @
Frequency 1.000 Hz [* @
Optional Arg 3 0.0000 |3 @
Optional Arg4 0.0000 [* @
| @ =lE =
[ EditUserPams | 2 T Mester Pane e
Function ARDoNTriange |z @ =
- ‘ Main ‘ Thermal | Force | Tune | Fiap |
Go 2 Fung Displa 2 - - . =
l )/ ] i) z Scan Size | 50.00 nm & @
Cycles |4 5 2] Tla
it 5 Scan Rate 9.77 Hz [E2]
[] Average @ i)
5 X Ofiset 0nm 2
| Apply During Triggered Dwells (2 o
@ Aoy i - Y Offset 0 nm c @
] Drive is Relative to Sample Voltage (2] 5 & ==
Scan Angle 0.00° = 121
MonTriggered Ivs togale Laser (&) ) ) e =
Points & Lines 256 o ]
Drives What?  Defout v | @ wWidtnHeight |1 41 ¢ 7
|T| &l 7] Delay Update @
= 1 = Set Point [ 1.00 nA i @
Points per Sec | 2.000 kHz|5 @ Sk L ; —
o = Integral Gain | 1.00 @
Low Pass Filter | 1.000 kHz| &) -
= Feedback Filter | 5.000 kHz i @
Input Range Futo [£10V] Iz‘ (3] =
—— = Sample Valtage | 50.00 my |5 2
Base Mame stm @ S 7 2=
= = S. Voltage Offset 0 my & @
Suffix 0000 |5 ] — i s
) ) o Current Offset 0 nA & i
[¥] Save 2Mem [T| Save 2 Disk @ - -
: Current Offset2 0 pA @
Note | 2] —
- 7] Log Feedback el
| withdraw | [|FeedbackOn @ _
— ” InputRange  Ato[10v] [x] &
SetPeint| 1.00nA |5 2 —————
L L Slow Scan Disabled || | Clear Image | &)
Sample Voltage | 50.00 mV|= Usge @ Imaging Mod STM[Z[ @
4 s =
S.Voltage Offset omv |2 @2 e | @
CurrentSens | 1.00nANV 3 2 nannAv |5 (2 [ DoSean | | swpm | (]
Current Offset 0 nA H o 20pA 5 @ [ Frame Up Frame Dawn| @
| coTnere | [ PickPoint | @ Base Name | stm | @
Spat Number |1 ¢ [ClearThere] | @ Base Suffix 0000 i} @
[7] show Markers  [—] Show Tip @ Note | 2
— - SaveImages(”| [ path.. | [ Save Parial | 2]
2 .
| Make Custom Dwell Panel | 2 Save Status: |ane Save Prev @
— @ |
[ sewn | = | wmainPanel | | setp | @

(a) DO IV Panel with highlights for STM  (b) Master Panel Main Tab set up for STM
imaging

Figure 12.2.: Some relevant control panels you will encounter during STM operation.
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12.5. Zero Various Offsets

The specific values in the screen shots in the following step®ften just examples of
what you might encounter. Read the instructions carefultyr@cord your own values
where necessary. The parameters used in this procedurar déhe {Graphite test sample
provided.

NOTE

The Mode Master window:
« The software should now be showing the
1. Mode Master window. C:/svn/rasy-svn/ConfigurationFiled/ModeMasterFigures

* If not, click the Mode Master button at the
bottom of the screenCi/svn/rasy-svn/ConfigurationFiles/ModeMasterFigures/Version 15/ModeMasterBu

i1

C:/svn/rasy-svn/Conf igiratCiotiil e/ dpdsete/s e igumeets)/dhef-Elhies/ M &d MbaetiaR bnieds Mlec

2.
Select Mode:
* SelectElectrical tab > STM
» The screen will now re-arrange and present all the contretessary for this type of AFM
imaging.
Sample Voltage |0 mV S Use
oltage Offset 0 mV %
Current Sens | 1.00 nANV |5 2 nannAv -
Set surface voltages Current Offset | 0 nA H 2 0pA
3 | GoThere | [ PickPaint |
: *+ On theDo IV Panel Set the Surface Voltage Spot Number | 1 R
and the Bias offset to OV. 7] Show Markers [F] Show Tip
| Make Custom Dwell Panel |

4. Use a hand held digital voltmeter to measure the voltage dmivthe Sample and Ground pins on the
scanner’s terminal block.
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le Voltage | 50.00 mv /3 ["| Use @
Enter Bias Offset Voltage Offset |44.00 mV % @
CurrentSens [1.00 nAV |3 2 [nannanv |2 (2
. E_nterthe mgasured voltage in _the _Sample ot oo & BB @
5. Bias Offset field, but the opposite sign to =T Pickpo"g;int | @
zero the offset voltage. S —— s (Coarmare] | @
e Enter 100mV for theSurface Voltage’ and Y P em——
hit enter.
[ setuw | @

6. Use your digital voltmeter to measure the voltage betweenShmple and Ground pins on the scanner
terminal block again and verify that it also reads 100mV. ffig a few more times for some additional
‘Surface Voltage’ values to make sure the offset bias is doing its job.

7. When done, set thSurface Voltage’ back to OV.

[~

le Voltage | 50.00 mv|3  ["]Use
Voltage Offset | 44.00 mV &

=

Enter Current Offset CurrentSens | 1.00 nAV |3 2 [nannav 5 (2

» Go back to the ARDolV panel. urrent Offset | 60.0 pA |5 20 JA @

8. « Click on the zero button to the left of [ GoThere | [ PickPoint | @
current offset. The current should now read Spot Number |1 ¢ [ClearThere| | @

zero in the sum and deflection meter. [ Show Markers (] Show Tip @

[ sewp | @

12.6. Set up to engage

Note The optics in the view module were intended for an AFM caméife Due to the tip position pointing down
below the probe wire and focus distance of an STM probe franotijective being relatively long, it is necessary
to bypass the normal AFM alignment process and simply bitiegtip down manually close to the surface and
then click theEngage button.

1. Use the wheel on the enclosure to move the tip to the sampleth€eip to the desired engage distance
of about 0.5 to 1 mm above the sample. Use the tip and the lieflezt the tip in the sample surface as a
guide to bring the probe close.

12.7. Set scan parameters

1. Go back to theviaster Panel, Main Tab (Sed-igure 12.2b on page 1)19You can enter your scan size and
rate as in the figure and modify it once you are scanning.
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Enter Feedback Parameters Set Point | 1.00 nA

. . Integral Gain | 1.00
» Set theSurface Voltage to the desired bias

voltage for the sample. For Highly Oriented
Pyrolytic Graphite (HOPG) use ~50mv.

Feedback Filter | 5.000 kHz
Sample Voltage | 50.00 mV
5. Voltage Offset | 44.00 mv

» [Ax [ [» [ [» []e

BEEEREREREREEBE

2.  Set the Setpoint voltage to the desired R 50.0 DA
tunneling current. Use ~1nA for HOPG. R
* Set theFeedback Filter to 10KHz. [ Log Feedback
 Set the Integral gain to ~0.5 or 1.0. The nputRange|  Adol=10V]  [<]
STM feedback uses much less gain than Slow Scan Disabled []
typical AFM due to the use of log feedback. Imaging Mod | sTM [+ ]
5| Engage Panel = E=| =2
Start Tip Approach ———
rApproach | Detector | Prefs |
* In the‘Engage Panel’ click on the‘Start Tip
Approach’ button. Because the sample {Un) Load
surface was not optically located, as we do N samete
with a typical AFM approach, this process _é e IE
may take a little longer than you are used to Move Focus IV Q On Tip |$
from AFM. In that case Cypher will first  — E——
3. rapidly motor down to about 50 pm above v Oanzumsme E‘
the surface (measured from the optical — et R
image focus position) and then start its v Tg‘a‘;j‘iﬂﬂﬁ‘g-"l -
slower final engage process (for more b4 —
information see the Q&A box on pag®). Pr’:f’gﬁ;:ge
In the case of STM the slower engage Focus Position: 4.585 mm —
process starts from where ever you motored Tip Position: 4585 mm f{|  Star
the tip to manually. (\!I"D ‘“‘ppmﬂci
ol

4. Once on the surface you can perform scans as you are usectérM.

12.8. STM IV Curves

The process of doing an STM IV curve uses a triggered forceecwhere the system will:
1. Trigger off of the Current channel
2. Dwell at the surface using the Z position sensor to hold fhatia constant Z height above the surface

3. Ramp the bias voltage using the ramp functions in the Do I\eépan

12.9. Set IV Parameters

1. The Feedback Filter must be reduced to 1kHz in theaster Panel. Typically for scanning, the feedback
filter is between 5kHz and 10kHz but for IV measurements whiggéring on currents as low as 10pA (in
a quiet lab) high frequency signals must be filtered.
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57 Master Panel =Rl =)
| Main | Thermal | Force I—Tune [ Fmap
@ Start Dist |0 nm_ [=H0) @
) Force Dist |50.00 nm @
Trigger Channel Current - i
Scan Rate |0.17 Hz @ @
* Click on theForce tab and set the desired @ Approach Vel [10.00nmis_[&
trigger point. The trigger point is the [Svnc] Retract[50.00nmis |3 © @
setpoint current where the system | Misc. | Gal. | GoThere | Save |
establishes the tip height during IV DwellF8|  ZSensor | ¥ | ]
measurements. The lowest trigger current Dwell|  No Dwell B @
possible is ~10pA, any current lower than Dwell Time [0.99 5 " @
2. this will be close to the noise limit and G ek ke [ 351 i @
cause the system to false engage. Sample Rate [2000 Kz |2 @
» To reduce the approach velocity therce [ SetRT Update Prefs | @l
Distance is set to 50nm andcan Rate __ N an e .
~0.2Hz . This is necessary to avoid the tip ThogesBhannsl|  Cumrent E[ @
moving beyond the height when the increasing @ Decreasing (%) @
feedback loop clamps the Z-position. A Absohte @  Relaive® @
sudden change in tip speed can cause the tip Trigger Point[10.00pA |2 &
to overshoot. [ withdraw | [ Channels | @
|Single Force| | Continuous | @
[ savecuve | [ Review | 2
| Force Panel | | Setup | 2
AR Do IV Panel ’ / \ \\
= aco ! ! { i
3. * Click on theDisplay button in theAR Do IV ,e" \ f \ ;" \ f
Panel to display the bias ramping waveform . \,‘ / \ / \‘ /-’f \/
= : ! — 1
"® AR Do IV Panel ==l B
Amplitude | 200.000 2 @
Freguency :‘I.DDD Hz |& @
Optional Arg 2| 0.0000 [¢ @
Drive Graph DptionaIArg{:ﬁ.U—U‘ﬁﬁ & @
 Adjust theAmplitude, Freq, Optional Arg 3 'M ] @
4. (Phase Offset), Optional Arg 4 (Voltage Function| ARDolVTriangle E[ @
Offset) parameters to make the desired [ Go2Func | | Display | @
ramping waveform. Cycles |4 I= @
[] Average @
[] Apply During Triggered Dwells @
[ Drive is Relative to Sample Voltage  [7)
|MonTriggered Vs toggle Laser &
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Drive Graph “ |'!' |'H. |'I'| |f'I
| I |
« This is the result of the Ramp during IV " I ||'| | | I'|| Ill lIII -
measurements. Notice that the voltage % 0o | '|I CEETRE
5. before and after the ramp is not Ov, the ) TR |'I \ |
voltage used for the triggered current (in 21 |'| f '|I ||' '|| In' | |‘|
this case 50mV) is kept before and after the ™ IH'I V|
ramp. o 2 : ] s ’
57 Master Panel rEﬂ
mn_i_'l'hermal | Force I—Tune i FMap
@ Start Dist [0 nm @ @)
" Force Dist[50.00nm |4 () @
Finding the Surface  There are two ways to SanRael0.7Hz _[§ @ @
bring the tip close to the surface for IV curves @ ~fprRaacis| 1000 nns &
Svnc) Retract|50.00nmis |4 () @
a) Click Engage in the master panel and when Mo B |" —— | ]
the tip is on the surface hold the shift button Al
and left click mouse button on the vertical e = = El Iﬁ?:l
bar for the z-range piezo. This will set the Pl Mot E -
force range to be close to the surface. Make DwellTime|099e = “
6. - Use ] Dwell Rate [10 Hz & @
sure the Integral gain is low enough such -~
that the tip does not oscillate. Sampsfac|2000Rs 1 =
| 8etRT Update Prefs | @
b) The other method is to change thece = ;
Distance to 300nm, and cliclsingle Force Trigger Channel|  Current E[ @
(50nm Force Distance will take too long). Increasing @ Decreasing (7 @
Make sure to switch the Force Distance Absolute @ Relative ) @
back to 50nm when making measurements. Trigger Point [10.00pA % @
[ withdraw | [ Channels | 2
[Single Force| | Continuous | 2
[ Savecune | [ Review | 2
| ForcePansl | [ getup | ]
Single Force o
* Clicking Single Force button will perform o
individual IV measurements. 5
7.  This will perform a triggered force curve 24
and dwell on the surface using the Z sensor o
while running the ramp waveform from the , ; : :
Do IV Panel. ’ ’ s =
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1 Master Panel =] = =
| Main | Thermal | Force | Tune | FMap |
G StartDist[208pm |2 @ @
Force Dist|50.00nm |4 @
Scan Rate |0.17 Hz =] @]
Point and Shoot Tip positioning @ /Peeachell 1000 v =
[Syne| Retract|50.00 nmis [ @
» Engage and image the sample surface Misc. | Cal. | GoThere | Sawe |
* Hit Stop or Withdraw to pull the tip away e e
from the surface - ey
8. * Click Show Markers and Show Tip spottunber [T | i
» Select Sights on the image to dGace - [7] Show Markers  [] Show Tip
Curve and hit thePick Point and That'’s It for
each location Trigger Channel|  Current E @
« Hit Single Force at each point ando There Increasing (@ Decreasing () @
to move for each numerical location Absolute @ Relative () @
Trigger Point 1000 pA |4 @
| withdraw | | Channels | @
| single Force| | Continuous | @
| save curve | | Review | @
| ForcePanel | |  Setup | @

A 10pA trigger current works only if the system is acousticaolated well. If the
NOTE trigger point is reached before the tip is on the surfacegim®e the trigger current
greater than 10pA. Try 20pA or 50pA.

If the magnitude of the current increases with time durirgydircles this is probably due
NOTE to thermal drift. If the temperature of the sample is stilu#igrating, there could be
expansion of the sample which will increase the tunnelingemnt.

12.10. STM probes

The Cypher STM kit came supplied with 20 mechanically forniezl carefully clipped with super sharp wire
cutters) probes. Additional probes can be purchased froptuAsResearch. If you wish to make your own probes
the material and dimensions for making the supplied probes a

Material: 80%/20% Platinum Iridium. Wire should be drawragiht. Wire cut from a roll has a small radius and
may not hold tightly into the tube on the STM holder. The tubbeént with a large radius. This is intentional to
help reduce drift due to the stress of bending the probe vgomunsertion into the holder.

Wire size: 0.01” diameter (0.25mm) , cut approximately 2hfn) long.

Contact Asylum Research about further tools and techniggeired to make the proper cuts.

Attention Longer probes can be used but may introduce image distdrbandrift due to the length.

The approximate range of the camera focus is about 3mm bakwrtderside of the tip

Attention holder tube. Tips that extend below 3mm will not allow the péerio be viewed.
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12.11. Troubleshooting

12.11.1. Testing the STM holder
A 500M Q resistor is supplied in the STM accessories kit. The resistgoldered to a short length of wire
terminated by some Pt Ir probe wire.
To test the holder,
1. insert the platinum wire into the tip tube and
plug the resistor into the Sample socket in the terminalkoloc
Set the surface bias to 1V and
note the measured current. It should be 2nA (1/50Q6
Use the test panel, Em&upport@AsylumResearch.cdar details on loading this software.

Use the noise tab to measure the current noise of your holder.

N gk~ w DN

The typical noise should be ~8mV (~8pA) Adev from 1hz-1kHthwittle perceivable periodic noise in the
spectrum.

12.11.2. The Current2 Signal

The initial current to voltage conversion takes place infifst stage of a two channel op amp. The first gain stage
labeled Current2 in the data channels has an output setysith20nA/V. In most cases this signal is not suitable
for feedback but can be monitored as well as the final 1nA/M Sitege if desired. The reason for this signal
is derived from the design of the STM amplifier that is the sdrasic circuit as the ORCA - CAFM cantilever
holder.
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Fast Force Mapping (FFM) is a deflection (sub cantilevermasce frequency) technique that allows users to
acquire data (topography, adhesion, mechanical, elatpioperties, etc) on a very wide range of materials. In
contrast to AC Mode or Contact Mode, the principle behind FiENbased on force/deflection feedback force
curves performed at rates much higher than traditionakfotrve maps. Force curves are acquired at frequencies
ranging from 10 Hz up to 300 Hz (for MFP-3D Infinity AFMs onlyhd up to 1000 Hz (for all Cypher AFMs)
while a feedback loop is using the maximum force detectefigct@n) for each force curve. Each force curve
is recorded and analyzed to extract topography informatirmhmechanical properties of the sample. Additional
signals such as electrical conductivity can be measuredt@mrosupplementary information about the sample
(through use of the ORCA cantilever holder). The main adwgatof the FFM technique is the much faster
data acquisition, compared to standard force mappinggevatiil capturing all the information provided by force
curves.

A sinusoidal driving voltage applied to the Z actuator isdisz oscillate the probe at frequencies ranging from
10 Hz to 300 Hz (Infinity) and 1000 Hz (Cypher). For each foroeve, the maximum deflection signal, read
on the photo-detector, is used to calculate the Z height unedy the Z sensor. Maximum force (Max Force)
is calculated in real-time and is used as error signal foredliimck loop. While the probe is driven (sinusoidal
wave) in Z, the sample is moving underneath it in a rasteepath the XY plane. The resolution of the image is
determined by the number of points in each scan line.

The software continuously digitizes Deflection, Z-SenZeYpltage and Current (or Current2) signals at 2MHz
(Cypher) or 500kHz (Infinity).

Each force curve is analyzed to provide sample topograptytarYoung’s modulus (based on a chosen model
and parameters). If a bias is applied to the sample and a ctweltip is used, ORCA measurements (see chapter
1.8 Applications manual) can be performed at the same time.

13.1. Required for Fast Force Mapping

 Fast Force Mapping is an optional imaging technique andires software license to be activated
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Figure 13.1.: Plot of cantilever oscillation measured by the z-senor (excited by driving voltage) (top) and the resulting
force (bottom) when the tip is pushing on a hard surface. The ‘Max Force’ arrow indicates how the setpoint force is
calculated for each force curve.

« Software version 16 or higher is required to run Fast Forepping mode

13.2. Fast Force Mapping in contact mode

 Fast Force Mapping (FFM) in contact mode is contact modethdaechnique therfore the user needs to
choose a probe with a spring constant matching the stiffoietse sample

— Polystyrene/Polypropylene thin film sample is used for d@monstration
— AC 200 Olympus probe with ~150 kHz resonance and 10 N/m smomgtant
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13.2.1. FFM automatic experimental setup: GetStarted

Automatic imaging setup: GetStarted

* In the Mode Master menu select
NanomechPro and then select Fast Force
Map

* FFM mode automatically starts in
GetStarted configuration

* Follow the instructions to set up your
experiment

* You will be asked to set initial imaging

1. parameters (look for descriptions below)

scan size

scan points & lines

— approximate sample roughness

Z-rate

setpoint

— force distance
— sample stiffness

» Some of these parameters are adjusted

automatically depending on user input
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Specific parameters for FFM - GetStarted routine

e Scan points & Lines
— These two parameters determine the number of scan poiredgpin each scan line and
the number of lines in the scanned area. In contrast to atentques, during FFM the
number of force curves corresponds exactly to the numbeixefgin the image. For
comparison, during AC mode, the tip oscillates at a muchdri@tequency than the
number of pixels. Therefore, for each pixel, it is the averaalue of the amplitude of
oscillations that is measured by the feedback loop. To imptbe resolution of images,
these 2 parameters can be increased, however the acquisit®will increase at the
same time.
* Acquisition time = (lines x points per line x 2.5)/ Z rate
e Sample roughness
— This parameter is used to determine the force distancepitlglbe chosen to roughly
represent the height difference the lowest and highesifesabn the sample
o Z-rate
— It's the ramp rate at which the force curves will be perforraad it is how fast the Z
actuator is moving up and down above the surface. This pdeairo@n be increased until
the user sees instability in the force curve (the instakéliises when the deflection is
changing rapidly and the setpoint cannot be met on all cyirngs Infinity, the maximum
Z rate is 300 Hz. On Cypher (S or ES), the maximum Z rate is 1000 H
 Setpoint
— Itis the setpoint value used for feedback. Maximal forceaisulated in real-time and
used as error signal for the Z-feedback loop. When the s#tpalue is reached, the lever
is pulled away from the surface. The setpoint value is digalan units of Newton and
\olt (they are related by the cantilever calibration vallregOLS and k). The Newton
value provides information about the amount of normal fagplied on the sample. The
Volt value can be compared with the deflection value displayethe Sum and
Deflection Meter panel. For example, before engaging onufface, the deflection
should read 0 Volt and the setpoint should be set to a valulé gvdlewton) greater than
0. The setpoint value is also used to obtain an image of tHactopography. For each
pixel, the software measures the Z height at which the setpalue was reached. The Z
height for each pixel is then used to map the topography otince.
* Force distance
— Itis the distance the piezo will travel during the force aiextend or retract portion).
This distance should match (or exceed) the topographyti@sgof the sample.
e Sample Stiffness

13.2.2. FFM experimental setup by the user

 Place the probe in the cantilever holder and
mount it in the instrument

1. * In the Mode Master menu select Standard

and then Template
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Sec. 13.2. Fast Force Mapping in co

ntact mode

Align Laser

2. » Open the Video Panel

maximize the SUM signal

— Use the arrows in the Video Panel to move the laser spot oatoghtilever and

© tagte el C03) = ®

Al hews Gugh

image  Foroe  Fmap
erpia ©

)
T34 0m

Scan Se2e
20 00

Parts & Lines Sean Time
26 2 00.04 16

Scan Rt
100Kz

syl iHe

Intagral Gon

10.00 2 1o mxie™

el

et

Corkrutus Node
Frame Frame
m

Yo nece 30 oanel 3 pretc mere
befure vuu van GeRuey™

Suany
otz er

3 ) Using defout image sengs.
Calibrate Probe
» Choose the Thermal icon in the Master Panel
— thermal graph will appear
* Click on the GetReal icon which will open the Probe Panel
» Choose the probe that is used for the experiment
* Click GetReal Calibration
» Once the calibration is completed, the Amp InvOLS and Sp@Gonstant values at the top part
of the thermal graph will be updated.
1] Engage Panel (Ctrl+8) [=][= ][]
] Approach | Detector | Prefs |
Al h th I f
pproach the sample surface o
« In Master Panel A e
H . A =5
— Imaging Mode: Contact — focie | I8
— Set Point: 0.2 V (for this particular Move Focus I Q On Tip $
probe and sample) — —
4. v Focus ¥
* In the Engage Panel E
. . . | — On Sample
— Set the tip position while focused on —_— i crnid | )
the ti v Sample Height
P - _ b 4 2628mm |
— Set the sample position while focused —_—
Move To
on the sample Bré Ergade
— Click on Start Tip Approach et
Focus Position: 2654mm /7~ o
Tip Position: 2.654 mm \Tip Approach
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. Mastes Panel (Ctrie5) = B e
~
Image  Force  Fmap

Scan Size Sixel Size

20.00 pm
Width Height
Ponts & Lines Scan Time 1 = 1
256 = 000145 5
Scan Rate
244Hz
Integ Sair P. Gain
Imaging Mode RTINS i 10.00 auto > [ Auto 0.00 S

Farce Dist

O 40000 nm 3 O

Trigoer Typs

Relatve o

Filter Controls

uto

15.00 kHz Auto 15.00 kHz Auto

Frame Frame
A up v Down
5 Using defaull rnage satings

Switch to FFM mode and start imaging

* In Master Panel, switch from Contact Mode to Fast Force Map
» Master Panel will now display parameters related to FFM
— Setpointis now displayed in units of Newtons and in Voltg:is® 10 nN
— Force Distance: 200 nm
— Trigger Type: Relative
 Set the other parameters in the Master Panel
— Scan size: fim
— scan points & lines: 256
— Z-rate: 500 Hz
» The Gains are located in the Parms panel
* Click Engage in the Sum and Deflection Panel

Engage

« As the tip engages on the surface, Fast

6. Force Map Viewer will appear

» Display choices are available by clicking on
the “plus” sign
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Real time Force curves

 Fast Force Map Viewer can show up to 2
channels
» Each graph has several options for each
axis, in this example:
— Graph 0 is Force versus ZSensor
— Graph 1 is Deflection versus time
» The green line on the top graph indicated
the setpoint
 Top Controls allow for superposition of
several already acquired curves over the
realtime curve

5 ==

Image | Foma  Fimap

Hean See Peal Hee
20,00 pm E fEdnm
Pz & Liws Sus Tinw
55 2 200907

Imaging parameters

e Four Channels can be collected
simultaneously during FFM imaging
— Ht - Height
— Ad - Adhesion

— Fc - Max Force
8. — Eh - Calculated modulus channel. @ ML

Model (here Hertz) and tip radius must = wrasmmsssseuns.
be adjusted prior to imaging
» Adjust the force distance and setpoint

« When the imaging parameters are optimized = Master Channel Panel (Ctle?) (=] &[]

and the force curves look good in the FFM H A Fc  Eh
viewer press Frame UP to start imaging image| Hertzsphere2p [ v] | 2
Radius | 10.00nm |3 V1/0.33 B |2

Segment Ext | v
Image Display

CJAuto  Colorhap Grays256 v] | 2
Fix ~DataScale 1.00nPa & ?
Fix DataOffset 0nPa B | 2
Capture & Display Trace v 2
Auto Channels Auto Tile [?
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13.3. Fast Force Mapping in AC mode

The following instructions are for Fast Force Mapping in AGdhe (intermittent contact mode or tapping mode)
and are intended for imaging a flat sample in liquid.

Prepare

 Fresh calcite sample
* Clean cantilever holder that will be used for imaging (eitliquid holder or perfusion holder)

e ArrowUHF AuD probe
» Make sure that the software version is 16 or higher and HeaFEM mode is enabled

» Use blueDrive for cantilever drive and place the 0.1x fittebe in the laser’s path

Start software

 Place the probe in the cantilever holder and

2. mount the holder on the scanner

* In the Mode Master menu select Standard
and then Template

Align Laser

» Open the Video Panel

3.  Use the arrows in the Video Panel to move
the red laser spot onto the cantilever. Try to
maximize the SUM signal

Zeomi2l Loords 05, s Y L
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 Master Paned CH3) Rl e A e

+ w13 ewct = 033 reen g 1003 Frez
el Savsi Corater |33 00ver im ]

Calibrate Probe (in air)

» Choose the Thermal icon in the Master Panel
— thermal graph will appear
* Click on the GetReal icon which will open the Probe Panel
» Choose the probe that is used for the experiment
 Click GetReal Calibration
» Once the calibration is completed, the Amp InvOLS and Sp@onstant values at the top part
of the thermal graph will be updated

Remove the cantilever holder and place the freshly cleaalite sample on the scanner
Add a drop of water to the sample

Put a drop of water on the probe and place the cantilever hblik on the scanner

© N o 0

While looking at the distance between the probe and the sgrapproach the sample to the tip so that both
water drops join and the sample and lever are both in wateér@maent

9. Re-focus and re-align the laser on the cantilever (now imidij}- Sum should be ~ 6V
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I Theme Gurph I B Thermal Geagh =B
o Ampiwes 9sanmv g [ Ol Freq [ Ao0IMOLS 85T nmv g - Duai Freq
Samgles 178 Spring Constant | 7.4 etvnnl Sawphs 170 Spiing Constant | 734 reom= i
g ¥
10. | & :
26107 2x10™
T T T T T T T T T T T
350 400 450 500 550 600 650 350 400 450 500 550 600 650
kHz kHz
Capture a thermal of the cantilever in liquid:
» Make sure that the padlock besides Spring Constant is ¢bcke
» Re-fit the thermal data to obtain the updated (water) Inv@&l8e
» Transfer the frequency of thermal peak to the tune panel
— Right click on the peak of the Thermal Graph and choose Moeg Bnd Phase to Tune
| wmaga F"om: | Fmap T Dual Freq
e Sice Pl 20 Soihees o o o
200 nm g 157 S5 pm 26
F‘En-lséLh:y ¥ S".':r TT:n:
12.00 kHz
I‘In.f: t:wplrmn‘
Al <
1 1 " Bazz hame Sufi
e 0262 |2
Bave Paval s [¥] . r Y
350 kHz 400 kHz A50 kHz. 500 kHz. 550 kHz
Y oo
Turn on blueDrive photothermal excitation
* In the Tune graph, click on Adv.
« In the Advanced panel, choose blueDrive from the drop downunof Tune Drive
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Tune panel o @

» Set the Sweep width to 250 kHz
* Click one Tune

180"

* When tune is done, right click on the peak 00 L 150
and choose set Drive Frequency /
12. « Move the blue laser spot around the base of " [
the cantilever to maximize the amplitude £ Lo

» Adjust the drive amplitude (in the Master
Panel) until the amplitude reaches ~ 80 mV sl
(visible on the graph and in the Sum and L
Deflection panel) 000 - r T U

350 kHz 400 krz 450 kHz 500 kHz 550 kHz

Imaging Mode AC Mode -

Setpoint Integral Gain
Master Panel 6128mvV  [JO 55.00 30
13. * Set the setpointto ~ 60 mV Drive Amplitude
+ Setthe IG to 55 89824 W T @

Drive Frequency
327108 kHz 3 O

1] Engage Panel (Ctrl+8) [=][= ][]
] Approach | Detector | Prefs |
W {Un) Load
?' '-.A ] i A Sample
Engage Panel "Wft A | —
— Focqs 2
« Set the tip position while focused on the tip sl | A gamies) (7
» Set the sample position while focused on — =
14. the sample b 4 Focus 2
. P — On Sample T
. Cl!ck on Move tp Pre-Engage A 4 A
* Click on Start Tip Approach h 4 2628mm [+
Move To
Pre-Engage
e 2 ' o A"
Focus Position: 2.654 mm ‘ Start '
Tip Position: 2.654 mm \Tip Approach

15. Once the tip is in piezo range of the sample, capture anothemnal Tune with z-piezo at OV (sample is
2-3 um from surface)

16. Lock padlock besides spring constant on Thermal Graph talailate Amplitude InvOLS
17. Right click on the peak in Thermal Graph and Move Freq and @t@$une
18. When the tune is complete,right click on the peak and cerftas®

SYLUM
ESEARCH BETA Page 137

an Oxford Instruments company



Ch. 13. Fast Force Mapping

Sec. 13.3. Fast Force Mapping in AC  mode

Imaging parameters - Master panel

19 » Set the scan size to 20 nm

» Set the scan rate to 10 Hz
 Start imaging by pressing Scan Down

20. Startimaging

21.

| Master Panel (Ctrl+5)

Scan Size Pixel Size
20.00 nm 157.5 pm
Points & Lines Scan Time
128 00:00:13
Scan Rate
9.77 Hz
Continuous ModeE]

Frame Frame

a) decrease the free amplitude (by decreasing drive ardplituthe Master Panel)

b) then, decrease the setpoint until trace and retraceapvedch other

c) repeat several times to image with the lowest amplitudssipte

Imaging

to 10 nm
» Channels that are acquired include
— Height
— Amplitude
— Phase
— ZSensor

scan and switch to AC FFM mode

SYLUM
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e Acquire a 20 nm image and re-size the scan

» Once the imaging looks optimized, stop the
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& Master Panel (Ctrl+5) = 2 [
Image Force Fmap
Scan Size Pixel Size
20.00 pm e 784 nm
Points & Lines Scan Time
256 = 00:01:45
Scan Rate
244 Hz S
Set Point f\(o:n’;a:;e
1.000 V 50 FM Mode O
PFM Mode
Fact Cmrmm Mlan
. A FastForce Map_3
Imaging mode AC FFM |_TRrrecroreerE; |
22. « switch to AC Fast Force Maps from the
drop down menu in Master Panel ” .
Save Options
Base Name Suffix
Image 0002 3
Note
saveAl  [~]
Continuous Mode| v
Frame Frame ;
Using defaultimage settings
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-

# Master Panel (Ctrl+5) o] & |3
Image Force Fmap
Scan Size Pixel Size
20.00 nm = 78.4 pm
Points & Lines Scan Time
256 = 00:05:28
Z Rate
500.00 Hz =
[aETelTaTo M\ (oo -l ~C Fast Force Map
Setpoint Force Dist
76245pm 57079 mV | @ 50.00 nm - O
23.
Drive Amplitude Trigger Type
894 74pywW 7O Absolute
Drive Frequency
327108 kHz 7 O
Imaging Parameters

» Master Panel will now display parameters related to AC FFbtim
— Setpoint is now displayed in units of meters and in Volts -tsiet 70 mV
— Force Distance - set it to 50 nm
— Trigger Type - Absolute

 Set the other parameters in the Master Panel
— Scan size: 20 nm
— scan points & lines: 256
— Z-rate: 500 Hz

» The Gains are located in the Parms panel - set to 10

 Click Engage in the Sum and Deflection Panel
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Engage

* As the tip engages on the surface, Fast
Force Map Viewer will appear

24, » Display choices are available by clicking on
the “plus” sign

» Arrow in the top graph indicates the setpoint
value.

Real time Force curves

» Fast Force Map Viewer can display up to 2
channels (graphs)

» Each graph has several options for each
axis, choose the appropriate axes for the
imaging mode. For AC FFM, choose:

25. — Graph 0 (top): Amplitude (pm) vs

Drive\olts (V)
— Graph 1 (bottom): Phase (°) vs
DriveVolts (V)

» Top Controls allow for the superposition of
several already acquired curves over the
realtime curve
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Sec. 13.3. Fast Force Mapping in AC

mode

Imaging parameters

» Adjust the force distance and setpoint until

26. the curves in the Viewer look good

* When the imaging parameters are optimized
press Frame UP to start imaging

==

Usng 3elaslimags sedng.

& Master Channel Panel (Ctrl+7)

o] @ =

Ht

Ad Fc Eh

Fix
Fix

Image|  HertzSphere2p | v 2

Radius [10.00nm 3 V1033 8|2
Segment | Ext | v
___Image Display
[JAuto  Coloriap Grays256 v 2

Data Scale | 1.00 nPa
Data Offset 0 nPa

EIEy

Capture & Display Trace

Auto Channels

v ?

M Auto Tile 2

27.

Imaging

» Data is collected in 3 channels during AC FFM
— Height
— Amplitude
— Phase
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13.4. Fast Force Mapping in FM mode

The following instructions are for Fast Force Mapping in FMdae (frequency modulation) and are intended for
imaging a flat sample in liquid. A freshly cleaved calcite gdemand clean deionized water are used for this
demonstration.

The user is guided through the following steps:
1) calibration of a probe

2) acquisition of an AC mode image - this step will allow theu® determine if the probe is sharp and if the area
of interest is flat/clean

3) acquisition of AC force curves - this step will allow theeuso approach the sample to a defined distance
4) acquisition of FM curves - this step will allow to check FMigs

5) acquisition of FM FFM images and force curves

13.4.1. Preparation and Calibration

Prepare

 Fresh calcite sample

 Clean the cantilever holder that will be used for imaginith@r liquid holder or perfusion
1. holder)

e ArrowUHF AuD probe

» Make sure that the software version is 16 or higher and HeaFEM mode is enabled

» Use blueDrive for cantilever drive and place the 0.1x fittebe in the laser’s path

Start software

 Place the probe in the cantilever holder and

2. mount the holder on the scanner

* In Mode Master menu select Standard and
then Template
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4 idee = I

Align Laser

* Open the Video Panel

3 * Use the arrows in the Video Panel to move
the red laser spot onto the cantilever. Try to
maximize the SUM signal but keep the laser
spot at the end of the lever (see figure)

* Master Paned (T3

oy et = [ 35 e g [ DS Fre

el © S39og Corater | * 331 hver [

Calibrate Probe (in air)

» Choose the Thermal icon in the Master Panel
— thermal graph will appear
* Click on the GetReal icon which will open the Probe Panel
» Choose the probe that is used for the experiment - for tipegment choose Arrow UHF
 Click GetReal Calibration
» Once the calibration is completed, the Amp InvOLS and Sp@Gonstant values at the top part
of the thermal graph will be updated

5. Remove the cantilever holder and place a freshly cleaveiteaample on the scanner

6. Add a drop of water onto the sample
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7. Add a drop of water onto the probe and place the cantilevetanddack on the scanner

8. While looking at the distance between the probe and the sgrapproach the sample to the tip so that both
water drops join

9. Re-focus and re-align the laser on the cantilever (now midi}- Sum should be ~ 6V

e Thesnd giph Dl | B Thermal Geagh = =g
o Ampines 352w g | OuBl Freq o Ao mOLS (857 ey i I D Freg v,

Samgles 178 Speing Constam | 7.34 etinn Sswphe 17 Spiing Constant |7 3¢ reem= i

10.

Meter / sort (Hz)
Meter / sqrt {iHz)

el
210

Capture a thermal of the cantilever in liquid:

» Make sure that the padlock besides Spring Constant is ¢bcke
» Re-fit the thermal data to obtain the updated (water) Inv@&l8e
 Transfer the frequency of the thermal peak to the tune panel
— Right click on the peak of the Thermal Graph and choose Moeg Bnd Phase to Tune

e S (3]

| tmaga  Force | Fmap Tl Dual Freq

Ovebisguensy  Smespdidln Do Arphlude
443408kc B 250000K-z § cscaLw W

Ponts & Liney
128 &

Scar Rate
ITT ke

1200 kHiz

U Anpltuda

T

Hmes Fracancy

11.

T T
A50 kHz 500 kHz 550 kbiz

T T
250 kHz 100 kHz

Turn on blueDrive photothermal excitation

* In the Tune graph, click on Adv.

* In the Advanced panel, choose blueDrive from the drop downurof Tune Drive

» Use the blue arrows in the Video panel (top right side) to enthve blue laser spot to the base
of the cantilever
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Tune panel -
Dual Freq [._':

» Set the Sweep width to 250 kHz
* Click Tune 010- S
* When tune is done, right click on the peak
and choose Set Drive Frequency %
» Move the blue laser spot around the base of
the cantilever to maximize the amplitude
(look at the amplitude value in the Sum and 00: :
Deflection panel) Sl
« Adjust the drive amplitude until the tune s
amplitude reaches ~ 80 mV (visible on the - ’ . ] ‘
graph and in the Sum and Deflection panel) WML 400KE  40kE  S0ME  SS0Mu

180"

12.

Amp (V)
/

30

13.4.2. Imaging in AC mode

Acquire an AC image of the calcite sample to check tip shaspma@ad to define the area of interest.

Imaging Mode AC Mode -

Setpoint Integral Gain
Master Panel 6128mv [ O 55.00 :0
1. » Set the setpointto ~ 60 mV Drive Amplitude
+ Setthe IG to 55 89824 W T @

Drive Frequency
327108 kHz 3 O

5] Engage Panel (Ctrl+8) [=][= ][]
| Approach | Detector | Prefs |
{Un) Load
Video and Engage Panels aH Sample
. . : A =
 Click on SET button besides Focus on tip — Focus 2
while focused on the tip il & gamies) (7
> * Click on SET button besides Focus on — =]
' sample while focused on the sample v OanaC”mSple E
_ o — T
Click on Move to Pre-Engage (tip is how 50 R 4 Sampla it
um from surface) h 4 2628mm |
* Click on Start Tip Approach S
Pre-Engage
Focus Position: 2654 mm 7 o0 N
Tip Position: 2.654 mm \Tip Approach

3. Once the tip is in piezo range of the sample, capture anothemiial Tune with z-piezo at OV (tip is 2-3
um from surface)

4. Inthermal graph panel, keep the padlock besides sprindgatriscked and re-calculate Amplitude InvOLS
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mode

5. Right click on the peak in Thermal Graph and Move Freq and €t@m$une
6. When the tune is complete, right click on the peak and ceritas@

| Master Panel (Ctrl+5)

Scan Size Pixel Size

. 20.00 nm = 157.5 pm

Imaging parameters - Master panel

Points & Lines Scan Time

7 » Set the scan size to 20 nm 128 00:00:13

'  Set the scan rate to 10 Hz S:;;‘ :3“‘
. . . 2 Z
 Start imaging by pressing Frame Down
Continuous ModeE]

Frame Frame

8. Startimaging and optimize imaging parameters

a) decrease the free amplitude (by decreasing drive ardplituthe Master Panel)
b) then, decrease the setpoint until trace and retraceapvedch other

c) repeat several times to image with the lowest amplitudssipte

- e
Imaging in AC mode

» Acquire a 20 nm image and re-size the scan
to 10 nm

» Channels that are acquired include
— Height

9. — Amplitude

— Phase

— ZSensor

» Once the imaging looks optimized, stop the
scan and switch to the Force tab

13.4.3. AC force distance curves

The user will acquire several AC force curves to bring thewithin 50 nm of the surface and re-Tune the
cantilever.
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" Master Panel (Ctil-5) E=S R = ) =] ®[%]
Image { Force ) Fmap Image  Force  Fmap
Scan Size Pixel Size e, it | 1.70 im E® m
20.00 nm = 78.4 pm Foroe Di 5O 7
Points & Lines Scan Time Scan Rate |0.99 Hz S ?
256 < 00:00:26 @ [Spiit Velocity[13.84 nmJs |3 7
Scan Rate Misc Cal Go There Save
9.77 Hz ol
Dwell FB ZSensor o ?
| 5 Mod —-—’- [] indenter Ramp after Trigaer | |ndanter Panel
mal g Mode ACM ~ : .
maging Node aa [0 Bias Ramp after Trigger | Do 1v Panel
Setpoint Integral Gain Dwell
50.00 mV =i 55.00 20
; Dweil Mo Dwell v ?
Drive Amplitude = Dwell Time [0.99 5 = ?

B56.104W 2 @

) Sample Rate [2000kHz |8 ?
Driva Fragquency

426802 kHz |5 O Low Pass Filter | 1.000 kHz |5 7

Real Time Update | Auto | ~ ]

Imaging Mode AC Mode ~ 7

Base Name Suffix =

Image 0532 % Trigger Channel| AmpVolts 3

Note Increasing () Decreasing (@ ?

Absalute (8 Relative () ?

1. s P v ?
Save Partial | saeal : nigger Point | 50.00 m

Withdraw Channels ?

Continuous Mode| ~ Single Force, | Continuous ¥

) Save Cunve Review 2

Frame Frame ; 3
EoreaPanel Se :

Using default image seftings.

Force Tab

* In Master Panel, switch from AC mode imaging to AC mode faraeves
» Master Panel Force tab will now display parameters reltie®dC mode force curves
— Set the setpoint to about 60% of the amplitude (if amplitied®d mV set the setpoint to
50 mV)
— Begin with force distance set to ~ 500 nm. Force distancebgilihe distance between
the tip and sample after the curve has been acquired
— Set the Trigger Channel to AmpVolts, Decreasing and Absolut
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AC Force Curves

» Acquire a single force curve

* Click on Continuous and, as the curves are being acquiraduglly decrease the force
distance down to 50 nm

» Acquire ~20 curves with 50 nm force distance and click orpStarves

2. e The z voltage should remain between 70 and 150 Volts

Re-tune 50 nm away from the surface

* Click tune on the Tune Graph
* Right click on the peak of the graph and choose Set Driveugrgy
* Right click on the graph again and choose Center Phase
— Z voltage should still be at the same value as when the fonaeeauas acquired
(meaning that the tip is ~ 50 nm away from the sample)

13.4.4. FM force distance curves

This step will allow the user to calculate FM gains and chétike setpoint is appropriate.
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% [ e =]

Image Fmap
O Start Dist 2.42 ym =0} m
>

Force Dist 50.00 nm O
Scan Rate |0.99 Hz
@® [spiit| Velocity|99.21 nmis

2

Ay r

?

Misc Cal. Go There Save

e Choose FM Mode for Imaging mode Dwell FB Zsensor [V 2
* Click on Channels button in the Force tab [ indenter Ramp after Trigger | indenter Panel
and Select [0  Bias Ramp after Trigger | Do IV Panel
Dwell
- Frequency Dwell No Dwell Indl ?
— Dissipation Dwell Time [0.99 s = 2
- Amplitude Sample Rate 2.000kHz |3 ?
— Phase Low Pass Filter 1.000kHz % 2
Real Time Updat I~] 2
— Make sure to plot versus DRIVE (not ostTime tpcel Lo 11
1. ZSensor) for short curve (tens of nm) | imagingtioge| i mode [~ 1) ?
as Drive is a quieter signal than Trigger Channel| Frequency | v ?
ZSensor (which has 50 pm of noise in increasing @' Decreasing O 2
al kHz bandwidth) I s o .
. Trigger Point | 15.000 kHz % ?
» Choose trlgg_er. Frequency S £
— Increasing Single Force | Continuous 2
— Relative Save Curve Review ?
« Trigger Point: 5 kHz is a good start Eorc panel Selp :
© Count2 ) [ m] (®) m} (0] 7
o0 oo e |®
®Force 9’ [ 2] (o} | D (0] ?
;RawZSensor [ O (@] | O 70 2
@ DefiVolts g |0 Oo|Qa O |»
@ AmpVolts m] [ (m] o | O (o] 2
Time [ O I (o] ?
£ Mor) | gatp Doit Doit 2
Channel;
Everse Aus D, %] O %] ?
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 Locate the FM Panel (AFM Controls —> M Panel =R
Other _> FM Panel) -':;eqt:r:cyF:edGDackon | Drive Feedback On 2
V| Auto Calculate Gains (Recommended) 2
» Un-check and check the Auto Calculate Fioa| Gy Heaaes T Con I 3
Gains checkbox, the values should update FreqP Goin (NS B Ddupoing ?
. R ) Freq Limit High | 78.12 kiz + Drive Limit High | 1.90 V G 2
» Set the Drive Set Point to the required FreqLimitLow | 781216 1%/ Drive LimitLow |0V 3
amp"tude Drive Set Point | 30.00 mV 2
— start with 3 Angstroms: 3A = 0.3nm; e |mmq.n::bzx s 3:1 -
— Ex: 0.3nm/10.25nm/V InvOLS = Setip 2
0.0292V =29.3mV —
« Activate Feedback Loops by checking the B e
b besid ps by 9 Sum6.177 I @& [ soovee
OXes besides Deflection|0.05 | | Engage
- FM feedback ON Amp (mV)29787- [ zewPD
— Drive Feedback ON Phase 90.09 | 3 GetStarted™
5 * When the frequency and drive feedbacks are Freq Off 647.0 |
: ON, the following values will appear in the Diss. mW|[0.36 [
SUM and Deflection meter Z Voltage[0.00 | N »
— Amp (mV) = Drive SetPoint Value Input Overioad| ® (s @
— Phase =90

— Freq Off = frequency offset compared
to the value of drive frequency from
tune, here 647 Hz

— Diss mW = power (in mW) needed to
keep the Drive Set Point Value at 30
mV

« Click Single curve to acquire a FM force
curve

— If the FM gains are correct, force
curve should appear on the graph
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13.4.5. Fast Force Mapping in FM

Advanced Scan Parms

|
= Parms

#  Mactar Dang| (Ctrl+5!
T\magm;‘? R

Image Force Fmap

Scan Size Pixel Size =7
2000nm |3 78.4 pm ResetDelay
Points & Li Scan Ti
2‘;‘2 et = 03?;7;?9 Scan Rate Scan Angle
5 o 0.16 Hz 0.00° =
Z Rat
= ; ;‘0 T X Offset Y Offset
: o 444 nm 3 250.66 nm %
Imaging Mode! (il Scan Points Scan Lines
256 = 256 G
Setpoint orce Dist
10.00kHz 5 @ 50.00 nm Width Height
1 S 1 =
Drive Amplitude
65226 W 2 O
Drive Frequency - :
334658 kHz 12 O Integral Galn‘ P. Gain .
0.10 Auto 0.00 S

Imaging Parameters

* In Master Panel, switch from FM Mode to FM Fast Force Map
» Master Panel will now display parameters related to FM FFbtim
— Setpointis now displayed in units of Hertz (if frequencydback is chosen, and watts if
dissipation feedback is chosen in the FM Panel)
— Set the force distance to 50 nm
Set the other parameters in the Master Panel
— Scan size: 20 nm
— scan points & lines: 256
— Z-rate: 100 Hz
— Z-voltage should still be between 70 and 150 V
Click Engage in the Sum and Deflection Panel
— FM FFM settings should now be reflected in the Sum and Deflegtamel
Set the IGain located in the Parms panel to 0.1

Real time Force curves

» Fast Force Map Viewer can display up to 2
channels (to add a graph, click on the plus
sign on the right side of the viewer)

» Each graph has several options for each
axis, user must define the appropriate axes
for the imaging mode. For FM FFM,
choose:

— Graph 0 (top): Frequency (Hz) vs
DriveVolts (V)

— Graph 1 (bottom): Dissipation (UW)
vs Drive\Volts (V)
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Imaging

» Data is collected in 3 channels during FM FFM imaging
— Height
— Frequency
— Dissipation
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14. Surface Potential AFM

CHAPTERREV. 1912 ,DATED 03/03/2017, 08:49. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

14.1 Software Setup . . . . . . . o e e e e e e e e e e e e e 154
14.2 Hardware Setup . . . . . . . . L e e e e 156
14.3 Calibrate the operating conditions . . . . . . . . . . . Lo e 156
14.4 Electrictune versus a Normaltune . . . . . . . . . . . . .. Lo e 157
145 Testingyour SBtUP . . . v v v v i i i e e e e e e e e e e e e e 157
14.6 Scanning while performing Surface Potential measurements . . . . . . . . . . ... ..o 158
14.7 Troubleshooting . . . . . . . . . . e e e e e e e e e e e e 158
Only the start of a few files Jeff wrote. Waiting for him to edit them further in Word before we port them
and get LyX software installed on his rig. This note refers to software version 0909009+27. The fonsti

described in this note are based on the hardware signalstaigeaform Surface Potential as you would on an
MFP3D. As system development progresses this procedurelveihge as the software incorporates circuitry in
the Cypher Backpack.

The following procedures are for Cypher users and Asylumleyaes only. The goal of this note is to help the
user set up the system to perform Surface Potential imagitigeasoftware exists as of this writing.

It is assumed that the user is familiar with the theory of aien of the technique and is familiar with the basic
operation of an AFM.

14.1. Software Setup

Setting up the software for surface potential is slightijedent from the 3D. The main difference is the introduc-
tion of the additional lockin circuits that exist on the Cyptbhackpack. Currently, the software is in transition and
will eventually use them but for now the software needs toikected to use the lockin in the ARC controller.
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B Master Panel il
Main | Thermal | Force | Tune | FMap
Aute Tune
Auto Tuna Low | 50.000 kHz = @
Auto Tune High [100.000kHz & Ex
Target Amplitude | 1.00 V. 18 @
Target Percent 0.0 % = @
[ Auto Tune 2
Manual Tune
Drrive Frequency | 65.985 kHz = @
SweepWidih |5 000kHz |3 @
Diive Amplitude | 1.38 & @
4 Gain | 0.0000 = 2
» Goto the tune tab in the master panel and aitn ;0'9'5 . - l?
1. set the ‘which lockin’ to ARC. FrRse Ofesl| 228 : g
Input Gain | 0 dB = &
Continuaus. &
[_one Tune | &
[ centerPhase | 1
Other Things
Dual AC Mode ] (2
iDrive [ CheckHoider| 7
Backwards [ ] Both [ (@
Append Thermal [ sHom [ @
Append Phase [#] SHOPhase [ @
Add Dissipation @
Wihich Lockin ARC &
@
[ TunePanel | [ Sewp | @
[ M Master Channel Panel
IFE
Data Seale | 8.66 hrn &2
Dala-‘Oﬁ’sel: 0 nm @
» Open both the main chanel panel Set the T -
) ) . CalorMap Grays256 (il
main channel to display Height and i %
2. Potential. This will allow the NAP channel LveFian | Meskedline | v| (@
panel to display Potential data. sam klaneRl|  Flaten ] e
Capture ihat | Retrace
Live Display Retrace [ &2
Use Argyle  [W]Auto Channels
Shaw Scope E Auto [v]
[ Chaonet1 | [ setup |
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M Hap Channel Panel
Auto
| Fix | DataScale [21.01 mv
. [ Fix | Data Offset [0 mv
3 » Open both the main and NAP channel l_ =
: panel. Set it to display potential data. Coloriap | Grays256
Live Flatten Line
Save PlaneFit i Nlﬁne
Capture What | Retrace
Live Display Retrace
[ channelz | [ Setup |
Surface Usa Use Parm Swap @
(st sl Sakn | 30,00 [ [oo - i
Prapation Gain |a oo & |non 2 i)
SotPaint | 533 56 miy i | 80000 v ) i3]
Ditve Arnplilude | 1.38 Y i v fzoov B i
Dite Frequenty (55965 k2 8 Ceengee & @
 Open the NAP control panel and check the Passoma[5z- 6 (WD e @
. . . Tipvoltage [0 my & |zonv = i}
4 Drive Amplitude, Drive Freq and Surface s _3® @200 8 o
' Voltage check boxes. Set the Nap mode to ser Ovallage (1 B 0 [om B @
Ser |3my I; [ Wil v 3 -?
NAP. Uger | Vollage [@ =y i | |._. tlm\ 8 l I
Dakta Heght | 5000 nm 2 e}
EuiE Caser e Dl e [0 & @
Fregquancy
=1 Frrdbinck On il
Eroq | Gain |5 &  DARTIGain[55 B i)
Freiy P Gain [0 & DaRTRGain |0 - kil
[ seup il

14.2. Hardware Setup

1. Install a sample that is prepared with a conducting path fileensurface to a bias lead. Connect the lead
to the ‘Sample’ socket on the terminal block on the scanr&ee (the Further notes and recommendations
section at the end of this document)

2. Install an electrilever or other conducting AFM lever shl&afor this type experiment.

3. Engage on the sample surface.

14.3. Calibrate the operating conditions

1. Open the Electric tune panel and use the top section of theateto perform a triggered force curve. This
will establish a close working distance necessary to do actrét tune. Performing an electric tune is a
method of calibrating the surface potential software adatand must be performed each time the tip is
replaced.

Note that the trigger point is typically the setpoint vokagpu used to engage. 700mv is nothing special. Use
whatever you needed to get the tip to engage on the sample.
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14.4. Electric tune versus a Normal tune

The process of performing surface potential requires thatAC drive signal be used in two different ways.
During the normal scanning pass the tip is in AC mode and i&drmechanically with the piezo actuator on the
cantilever holder mechanically vibrating the cantile\2uring the NAP scan pass above the surface, the AC drive
signal is disconnected from the piezo actuator on the halddris routed to the clip holding the cantilever. The
AC signal is then used to electrostatically drive the cawéf.

1.
2.

Once the single force curve is done, click on the ‘Normal Tinogton to do a normal mechanical tune.

You may want to shift the drive oscillation freq. slightlywer than resonance as you normally might do to
scan in the repulsive region of the cantilever’s resonance.

Once you are set up, click on the arrow button to shift thealfieq. over to the electric tune parameter
column.

Perform an electric tune by clicking on the ‘Electric Tunetton. This will cause the instrument to switch
the DDS signal from the AC drive piezo to the cantilever cjmte that the Drive Amplitude is 2V and the
Tip Voltage is +3V in this panel. This is because you are nophydpg a 2V AC signal with a +3v DC offset
to the tip. Also note that the Surface voltage is set to OV.sEhgettings establish the correct condition to
drive the cantilever electrostatically.

The drive amplitude parameter is typically 1-2v. Remembat the DDS is driving
the metal film on the cantilever which varies the electriaifie¢tween the tip and
the sample during the NAP scan pass. The drive amplitudesiftrmal tune is the

Note amplitude sent to the piezo actuator to perform AC mode ingn the main scan
pass. The two conditions are decoupled from each other bygéte check boxes
in the NAP window as described in the Software Setup sectidhi®note.

The tip voltage is set to 3v only for the purposes of creatistgady state condition

Nietiz where the tip has a large positive potential on it relativihsample. This is

necessary in order to cause the cantilever to oscillatd®ptirposes of set up
during the electric tune routine.

. Tune the drive frequency to shift to the cantilevers resoadreq. This is typically slightly higher than the

mechanical resonance of the lever.

. Once the drive freq. is adjusted in the electric tune costi@ick on the ‘Center Phase’ button to calibrate

the phase offset. This set is important to perform becausstiblishes the correct conditions for the
software to control the potential voltage applied to thedtiping scanning.

14.5. Testing your setup

The surface potential feedback loop can be tested by cliakirthe checkbox labeled ‘Surface Potential Feedback
On’ in the electric tune window. Once the feedback is turnegau can vary the slider bar below the Potential
bar graph or type in specific DC offsets in the Surface \Voltagau item to apply a voltage to the sample surface.

The feedback loop is working correctly if the value in thed?aial bar graph follows the slider bar position or
matches the voltage you enter in the Surface Voltage pasamet

What you are doing by sliding the bar or adding a voltage tostiace is to apply a potential to the sample
which causes the potential feedback circuit to compensassljusting the offset voltage applied to the tip. The
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Potential Bar graph is a graphic display of the output sidimgd Voltage + AC drive from the DDS) from the
Potential feedback loop.

Uncheck the ‘Surface Potential Feedback On’ check box toaifrthe potential feedback

Note loop. The feedback will automatically be activated when fegin scanning.

14.6. Scanning while performing Surface Potential measure ments

1. Check the Amplitude in the Sum and Deflection meter windowt'dfOv then click on ‘Normal tune’ to
establish the correct signal routing of the DDS to the piezihé cantilever holder.

2. Set the initial scan parameters you wish to use and begimsman The potential feedback loop will
automatically activate if you have selected Potential @03 data channel.

3. Monitor the Height or Z sensor channel to collect the toppbr@image data. Monitor the NAP Po channel
for collecting the Surface Potential voltage data.

14.7. Troubleshooting

Open the crosspoint window and verify that the settings areect. On the Cypher the left two columns are
the settings for the crosspoint switch on the backpack bo@he right column is the settings for the ARC2’s
crosspoint switch. The circled items are the settings forem signal routing if you are doing surface potential.

Starting with the right column: PogoOut = Out C which conseaotCont(troller) Pogo Out which is routed to the
Sample.

This means that the User Out C DAC in the controller is being sat the pogo out wire from the controller and
routed to the ‘Sample’ socket on the Cypher.

Chip and Shake — alternately set to either DDS or to Groune. sbifitware will route the DDS to the Shake line
during the scanning pass (left sub-column) and to the Chgdin the NAP scan pass (Right sub-column)

Holder Out 0 = Cont(roller) Chip. Holder out 0 is the signaliwired to the cantilever clip on the Cypher.

Holder Out 1 = Cont(roller) Shake. Holder Out 1 is wired to thiead of the piezo on the cantilever holder used
for AC mode imaging.

Notice in the settings above that the Out C line is also rotaettie BNC Out 1 connection. This allows you to
monitor the sample bias from the output 1 BNC on the ARC2 adletr. It is sometimes helpful to see the actual
feedback signal going to the tip during scanning. RoutirgDIDS to the BNC Out O will allow you to do this.

Further notes and recommendations

You should be familiar with imaging your sample before yop taking potential data. Image the surface in
standard AC mode and get a feel for the conditions you needder to reliably scan. The NAP scan pass over
the surface relies on knowing where the surface is so beiggia can image the sample.

Get familiar with the technique. Try a sample that is hightyductive and straight forward to image to prove
the system is working. Try scanning a gold or graphite serfatd confirm that you can, 1) image the surface, 2)
apply a surface voltage and see that the DC offset of the Raltdlata matches.

A complete circuit must be made between the tip and the sastpiaake sure that your sample is electrically
connected to either Ground or the Sample. In special aijglitayou may want to drive the sample externally.
The Exp2Holder2 and Exp2Holder3 sockets on the terminalkbéoe directly wired to Pins 35 and 36 of the

expansion connector on the Cypher Backpack. In this casecithuit will be complete though the ground

common to the Cypher and your external voltage source.
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15. High Voltage Techniques

CHAPTERREV. 1659,DATED 10/07/2013, 22:54. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

HV-PFM Electrical Diagram Typical e i
g Configurations
Electrical Pass-through
| HV-PFM
*ENC Switch BNC
£ Ly
_E/ L g T switch
} L
= = = ol
& <
Ig *ENE | Switch BMNC /
& E i | =1
o
= a }—-
c = |
% L ||
o
s - | Switch
% 7 SMB
=] = i -
E ll =
g f)
= L
B
i
LE +ANC | Switch
— 5MB
= —H—
-
/_'_\ |
External
\‘“ - | R
When door is closed : ]
+ All switches closed
«LEDs an 1 o . .
| Scanner
Top Dawn View ﬂ].
‘When door is apen !
= Al switches open ]
+LEDs off le

Figure 15.1.: The Cypher High Voltage Option
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Environmental Scanner (ES)

Who is this part for?  After the Cypher ES Environmental AFM has been installedannfab and you (or some-
one in your facility) have completed the initial trainingjg part of the user guide will be the principal reference
for operating the instrument. Although written with the rvuser in mind, experienced SPM users should
complete the basic imaging tutorial at least once befoesrgiting to use this instrument.
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The Environmental Scanner is included with the Cypher m&®AFM. Please review the parts lists below and
the basic imaging tutorial iChapter 17 on page 178

16.1. Parts list

The following table describes all the tools and other itenwuded with your Environmental Scanner. Please
refer to the part number when seeking support or orderinigcements.

Itm Part # Item Description Qty Picture
Scalpel Handle. Used to attach
liquid perfusion tubing to the —
1* 290.147 | cantilever holder. Also useful when 1 —
trimming thicker tubing for gas T 11 1 G
exchange.

No. 15 scalpel blade. Used to ﬂ

2* 290.148 | attach liquid perfusion tubing to the 10
QLR Thgn

cantilever holder.

1/16” Hex Driver. Used to remove
the cantilever holder (se&&tep 6 on
page 18Dpand chamber bodies (se
Step 2 on page 2}7

#00 Phillips Screwdriver. Used to
4 290.106 | replace the cantilever. S&tep 12 1
on page 182

5/64” (2mm) Hex Driver. Used to

5 290.163 | remove the cell body from the 1 w__“’

scanner. Se8tep 1 on page 217 £ T
The scale in the photos is in cm and mm.

3 290.130

U

A O T
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Itm Part # Item Description Qty Picture

6+ 080.165 1cc.HSW Norm-Ject Syrlngg. 4 =
Typically used to perfuse fluid.

R
H H 'Tﬁ_llllrll|I1EIIII|1'II|IIIIE

- 080.010 | 56C Syringe, HSW. Typically used | L. i
for fluid or gas perfusion.
PFA Tubing, 1/16” OD, 0.040" ID.
5 ft package. Special large bore

8 231.006 tubing for gas perfusion. . IDEX 2
part number 1503.
FEP Tubing, 1/32" OD, .016" ID. 5

" ft package. Used for fluid perfusion.

9 231.028 . IDEX part number 1692. Note, al 4
4 sections are in one container.
Luer Right fitting 1/16”. Used for

10 231.008 | connecting tubing to syringes. . 4
IDEX number P-837.
Fittings, 1/16". Used to connect
1/16” tubing to the cell chamber

11 232.015 | wall. SeeStep 4 on page 218 4
IDEX part number M660. Use with
tool 290.164.

The scale in the photos is in cm and mm.
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Sec. 16.1. Parts lis t

Itm

Part #

Item Description

Qty

Picture

12

114.800

Extender Tool Fitting Wrench. Use
to tighten Fittings 230.015. See
Step 1 on page 223DEX part
number N-290. DO NOT use on th
cell body fittings:Step 4 on

page 218

13

232.016

1/16” Ferrules. Each ferrule
requires a metal and a plastic part
Used with 1/16” fittings. IDEX part
number M660.

14

114.721

Fitting Compression Fixture.
Required to attach fitting ferrules t
1/16” tubing.

15

290.165

Platypus Tweezers. EMS part
78317 style 2AZ. Useful for
removing standard sample pucks
from the sample chamber. See
Step 19 on page 184

16*

231.019

1/16” to 1/32” tubing reducer
sleeve. Used to connect 1/32” OD
fluid perfusion tubing to standard
syringes. IDEX part F-247X

17

1-72x0.25
SHCS SS

1-72 x 1/4” long screw. Spare
screws used to lock down the
cantilever holder. SeBtep 2 on
page 211

10

18

114.576

Stage locking screw with integrate
ball end . Spare screws used to lo
down the sample stag8tep 8 on

page 220Be careful, these are ver
expensive screws.

d
ck
2

T

The scale in the photos is in cm and mm.
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Ch. 16. Environmental Scanner Overview

Sec. 16.1. Parts lis t

Itm Part # Item Description Qty Picture
2-56 x 1/8” long screws. Spare proess
19 2-56 x 0.125| screws used to lock down the cell 12
SHCS SS | chamber body. Se8tep 2 on
page 217
00-90 x 1/8” 00-90 x 1/8” screw. Spare screws
used to fasten the sample stage
20 Pan Head 12
ss membrane to the cell body. See
Step 4 on page 211
FKM O-ring, 1.5mm x 0.5mm, 75A
21 230.040 | Durometer. Now obsolete, use 0
230.039 instead.
FKM O-ring, 1.5mm x 0.7mm, 75A
Durometer. Used to seal the
22 230.039 | cantilever clip. Custom size, only | 18
available from Asylum Research.
Equivalent FFKM part is 230.050.
Modified (shortened) Flat Head
Phillips M2 screw, Stainless steel.
23 114.738 Spare screws to hold down the 3
cantilever clip.
photo needs update!
2| zomr | Janmeon vesstoresne | -
' R AL LR R A
1.8mm slotted screwdriver. Used tp
25 290.168 | fasten the sample stage membrang 1 gm
to the cell bOdy' e N T T
The scale in the photos is in cm and mm.
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Sec. 16.1. Parts lis t

Itm

Part #

Item Description

Qty

Picture

26

232.017

1/8" NPT X 6mm tubing connector|
Used to connect 6mm tubing to gas
flow rotameter.

I![Ii'lHl'lIliIIIfIIIHI‘III!lIIII‘I

27

232.018

1/8” X 1/4” union. Used to connect
1/4” tubing to gas flow rotameter.

|rrl||lef|III|lIII|II|I{HHEIII|||||||I|II1IIII‘IIII||

28

XXX. XXX

1/8" OD X 1/16” ID vinyl tubing.
Used to connect to the gas flow
rotameter.

6 ft

29

114.801

Thermal pad, spare. Adheres to th
back of the environmental scanner.
Use as a replacement in case the
original is damaged.

D

- @

30

114.820

Cantilever holder cleaning cup.
Used to rinse and clean the

cantilever holders while not causing
damage to the circuit board.

{ [Illi'lﬂlf IIII|I[II-[HII|IIII|II I|I:|I|IIIII'III|III |I|'I|I Iy

31

230.044

O-ring, 0.75"ID X 1"OD Viton,
Durometer 75A. Equivalent FFKM
part is 230.038. Standard
AS568-020 size, can also be
purchased from other vendors. Sits
around cantilever holder perimeter.

27?

IH|IIH|IH||I|I||IIII‘IIIF|JIII’IIII

The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

O-ring, 0.75"ID X 1"OD Kalrez
6375, Durometer 75A. Equivalent
FKM part is 230.044. Standard
AS568-020 size, can also be
purchased from other vendors. Sits
around cantilever holder perimeter.
Stored in separate box, see
Figure 16.2 on page 177

32 230.038

IH|IIII{II!I|I|II|IIII‘IIIP|HI|‘I!I|

O-ring, 0.022" C/S X 0.063" ID x
0.107" OD, FFKM, 75A
Durometer. Obsolete, now use
230.051.

33 230.050

O

n‘unymllnu ""”'[Hll'lll

O-ring, 0.032" C/S X 0.062" ID x
0.126” OD, FFKM, 75A
Durometer. Custom size, only
available from Asylum Research.
Equivalent FKM part is 230.039.
Used to seal the cantilever holder
clip. Stored in separate box, see
Figure 16.2 on page 17For use,

34 230.051

O

Electrical Sample Puck Assembly.
Used to electrically bias or ground|a

35 448.140 | sample. Includes Puck Bias Lead | 3 i K/@
wire (448.139) and Modified —
000-120 screw (114.853).

[flH'Il|'|1|1'1-'!]'“;’i‘.!i|'i||||||1r|]r|1r‘1r||'[|':'|'

ES tubing kit. Pre-made tubing Ph oto

with fittings and ferrules for making
connections between the cell side N d d
ports and manifold. Se20. ‘ ee e

The scale in the photos is in cm and mm.

36 901.778

* These items are only likely to be used for fluid perfusionemments which require a perfusion capable can-
tilever holder and a fluid compatible sample stage .
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Ch. 16. Environmental Scanner Overview Sec. 16.2. Terminol  ogy
Itm Part # Item Description Qty Picture
6+ 080,165 1cc.HSW Norm-Ject Synngc_—:‘. 4 B=
Typically used to perfuse fluid.
R 0
. . .: || ,,,,, W
7% 080.010 5cc syringe, HSW. Ty_plcaIIy used 4 )
for fluid or gas perfusion.
L ot AT T
/’f ot B
FEP Tubing, 1/32" OD, .016" ID. 5 [ -:-'“’““w SR
ft package. Used for fluid perfusion. e ,
* T A A
o 231.028 | "\pex part number 1692. Note, al 4 l\‘ Gfé;"t\’a« - i’ j
4 sections are in one container. \ "“m‘ |
\).\_ e .
\ -
sl : :
1/16” to 1/32” tubing reducer
" sleeve. Used to connect 1/32” OD -
16 231.019 fluid perfusion tubing to standard 4 - -
syringes. IDEX part F-247X
Labsmith
The scale in the photos is in cm and mm.
16.2. Terminology
Referring to figurérigure 16.1 on page 170
Cantilever Holders: Chapter 18 on page 188
Cell Bodies: Section 19.1 on page 195
Sample Stages: Section 19.2 on page 207
Scanner Swapping: Chapter 31 on page 338
SYLUM
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Engage Stage

Scanner

Figure 16.1.: Cypher Environmental Scanner Basic Parts

16.3. Cypher ES Quick Reminder List

In this section, we provide a list of pitfalls to avoid duringe of the Cypher ES. The target audience of this
section is fairly specific: it is written for those users wire axperienced Cypher S users but have had only a
basic training on the Cypher ES. This list then allows thell@gCypher S user a quick way to remind themselves
of important warnings before using the Cypher ES. Note thist teminder list assumes the user has already
received basic training on the ES. New users can safely dksrséction and then return to it after they have had
a better understanding of ES operation.

YLUM
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Ch. 16. Environmental Scanner Overview Sec. 16.3. Cypher ES  Quick Reminder List

16.3.1. Reminders for imaging

Remember to fully raise the engage stage
before loading the cantilever holder.

» Compared to the S, on the ES scanner it is
more difficult to see if there is enough
clearance for safely loading the cantilever
holder.

» The stage needs to be high enough so that

1. when you mount the cantilever holder it
does not come in contact with the sample.

» Rotate theEngage Control Knob’ on the
Cypherclockwiseand hold until the engage
stage is at its upper limit of travel. Or, Hit
the‘(Un)/Load Sample Button’ prior to Warning: Pay attention! Failure to check for clear-
mounting the cantilever holder. The upper ance may cause serious damage to your cantilever
position is safe for all samples other than holder and/or sample stage.
those that are too thick to be runin the ES.

Never load “non-flat” samples into the ES
scanner.

 Unlike the S scanner, the ES scanner canni

accept “non-flat” samples. @

* A “non-flat” sample is any sample in which
the region to be scanned is not the tallest '
feature on the sample puckor example,
the sample shown shown on the left has a

2. magnet glued to the puck that is taller than
the sample.

» Given the low profile of the ES cantilever
holders, it would not be possible to engage

on the sample shown shown on the left Sincg/arning: Pay attention! Attempting to starting a
the magnet would hit the cantilever holder tip approach on a “non-flat’ sample may cause se-

before the cantilever engaged on the samplgg ;s damage to your cantilever holder and/or sam-
* For electrical measurements, use the ple stage.

low-profile electrical sample puck (as shown
on the right) provided in the accessory kit.
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|Warning: Do not apply force to heater sample stage. It is fragile!

Never touch the Heater sample stage with
your tweezers.

» The Heater sample stage is extremely
fragile. In order to achieve high
temperatures while still maintaining low
drift performance, the Heater Sample Stage

3. is constructed with fragile ceramics.

» When loading/unloading the samples, take Note Although itis not required, lowering the can-
care to never push directly on the sample tilever holder stage fully (with the cantilever holder
stage with your tweezers. removed!), will make it easier to exchange samples

« When adjusting the lateral position of the ~ without touching the heater stage.
sample, use minimal force. Pushing on the
sample with too much force may crack the
heater.

Warning: Pay attention! If you are careless when
loading/unloading the Heater sample stage you will
break it.

Warning: Be careful to avoid touching the fragile piezo wires.

Hold the cantilever holder only by its handles.

» Hold the cantilever holder only by its two plastic handlepger image).

« In particular, avoid contacting the wires running to thggimg piezo (lower image).

» Be careful not to scrape the piezo wires when tighteningitite side cantilever holder
locking screw.

Warning: Pay attention! The piezo wiring is very fragile. Be carefat to touch it.
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Always power off the microscope  before
exchanging scanners.

. SPM CONTROLLER
ARC2

» Before exchanging scanners, remember to
first motor the objective to its upper limit of
travel.

» Thenpower off the controllebefore
disconnecting the scanner.

» Exchange scanners and then power the
controller back on after the new scanner has
been reconnected.

Warning: Pay attention! On older Cyphers,
exchanging the scanner while the system is
powered up can damage the backpack electronics.

Make sure the scanner is fully seated against
the chassis before locking in place.

 Unlike the S scanner, which has a hard stop
on the back of the scanner, the ES scanner
has a spring loaded stop that needs to be
fully engaged.

6. * When inserting the ES scanner into the

chassis, push the scanner until you feel the

spring on the back of the scanner engage.

Fully depress the spring until you feel the

hard stop.

Note Proper seating of the scanner is most im-
After full ing th inq loaded portant when using the cooling capabilities of the
ter fully engaging the spring loaded Stop 61 Heater sample stage. During normal oper-

at the back of the scanner, lock the scanner it is not particularly important.

in place.

Take care to properly set the correction collar
on the objective.

» The ES scanner uses different correction
collar settings than the S scanner.

e The ES scanner uses 1.5 for gas operation
and 2.0 for liquid operation.

Note Incorrectly setting the correction collar will
degrade the optical image quality. In addition it
will cause slight errors in the XY calibration of the
scanner.
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16.3.2. Reminders for cell exchange and handling

The fitting wrench should never be used to
attach gas lines to the cell body.

 The fitting wrench (114.800) supplied in the
accessory kit shouldEVER be used with
the cell bodies (see top right image).

 The fitting wrench should only be used with
the fitting fixture (114.721), which is also
supplied in the accessory kit, or the
manifold on the front of the scanner. See the
bottom right image.

Warning: Pay attention! Using the fitting wrench
on the cell body will crack the cell body glass.

Be careful not to poke the sample stage
diaphragms.

 Be careful never to poke the sample stage
diaphragms with tweezers or screwdrivers
as this may cause a hole in the diaphragm.

» Some versions of the sample stages have
permanently attached diaphragms. These
stages cannot be repaired if their
diaphragms are damaged.

Warning: Pay attention! Don’t poke a hole in
your sample diaphragm by being careless.

Be careful when reattaching the cantilever clip
to not crack the glass.

» Anytime the cantilever clip has been
completely removed - for cleaning - care
must be taken when reattaching the clip.

» Do not tighten the screw until you are sure
that the clip is aligned correctly and has
dropped into the pocket in the glass body.

Warning: Pay attention! Failure to align the
cantilever clip with the pocket before tightening
the clip will break the cantilever holder glass.
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Use extra care when loading the Heater
sample stage.

» The heater sample stage is extremely

fragile. Only use minimal force when |warning= Do not apply force to heater sample stage. It is fragile!
seating the sample stage dovetail against the
scanner.

If you use your finger to push the stage

down into the scanner, you should only need
4. enough pressure to extend the diaphragm.
Any more pressure will break the heater. If

it is taking more pressure to push the
dovetail into the scanner, simply push the
dovetail over (with a wrench from the Warning: Pay attention! If you apply too much
bottom of the sample stage) until it drops ~ force to the heater stage you will break it.

into the scanner.

It is a good idea to wear gloves when doing

this so that you minimize finger grease

getting cooked onto the heater stage.

Remember to cut off extra tubing before
connecting gas lines to the cell body.

« If you are using a Cypher ES that shipped
before 2014 it is likely that you need to cut
off the extra length of tubing that extends
past the end of the ferrule on the gas lines.

S. » Cut the tubing so that is flush with the
ferrule. You only need to do this for the end
of the line that connects to the cell body.

* Failure to cut off the tubing will not break
anything, but it will make it much more
difficult to get a good seal between the gas
line and the cell body.
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When unlocking the sample stage from the
scanner you only need 3 turns.

» To unlock the sample stage from the
scanner, turn the locking screw
counter-clockwise three turns.

Turning the locking screw more than three

turns may cause the screw to come all the

way out.

* If the screw comes all the way out, you may
need to lean the scanner forward until the
screw slides out to a place where you can
put it back on the wrench.

©
L]

Don't apply more than 200mbar pressure to
the cell.

» When checking for leaks in the cell, it is I I I l a g e

7. useful to apply pressure to the chamber by

using a syringe.
» Don't pressurize the chamber over 200mbar N e e d e d

as higher pressures may damage the
diaphragm.

16.4. Chemical Compatibility

The ES scanner is equipped with FKM (Viton equivalent) Ggsiim the factory. For cases where viton is chem-
ically attacked, please switch to the included FFKM (Kalegmiivalent) O-ring. These rings can be found in a
small box, shown irt6.2 When you no longer require these O-rings, please store tfakin the case. FFKM
Costs between 10 and 100 times more than FKM, so do not méesgiam.
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Figure 16.2.: The FFKM O-ring Kit, 901.110.3.
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Ch. 17. Tutorial: AC Mode in Air, ES

17. Tutorial: AC Mode Imaging in Air with the
Environmental Scanner

CHAPTERREV. 2035,DATED 08/15/2018, 11:50. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

17.1 Required Materials . . . . . . . . . . e e e e e e e e e e 178
17.2 Loadingthe Cantileverand Sample . . . . . . . . . . . . . e e e 179

This tutorial provides a quick path to learning the basicrapien of the Cypher ES Environmental AFM. If you

own the standard scanner, please follow the tutori@liapter 7 on page 40 he tutorial contains a set of steps
that will teach a new user with a basic understanding of AFMrapion how to obtain an AC mode topography
image in air.

All new users should complete and understand this “AC Modsglng in Air” tutorial before at-
tempting any imaging.

The Cypher is a research grade instrument and improper dlse wfstrument can cause damage to the instrument
and/or injury to the user. This tutorial will take approxitely 3 hours.

Before you start:

* We assume you understand the aspects of running this sgstiety: Chapter 1 on page 3

 You are familiar with the basic names of the hardware coreptsrand software control€fapter 2 on
page 14)

* You have powered up the Cypher and launched the softw@reagiter 5 on page 33

17.1. Required Materials

This tutorial is designed to be performed, not merely red@ossible, take the tutorial under the supervision of
an experienced user (tell them to mostly sit back thoughearwill not learn as much as you would by yourself).

It will be necessary to gather a few items prior to beginnhgytutorial:

1. Cantilevers: You will need an AC160TS cantilever, which iamafactured by Olympus. The AC160TS
has a spring constant of ~42N/m and a resonance frequen@00kHz and is a workhorse for AC mode
imaging in air. Every Cypher ships with a package of AC160s,fithese cantilevers are unavailable, any
cantilever with a similar spring constant and resonanagueacy should work fine.

2. Sample: The tutorial will use the Asylum Research calilbragrating that ships with every system (Asylum
Part# 290.237).

3. Tweezers, preferably with curved tip (for example, Asyluant? 290.102).
4. Tweezers, “platypus style” (Asylum Part# 290.165).
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5. A 1/16” ball head wrench (for example, Asylum Part# 290.139)

6. A Cypher equipped with the Environmental Scanner and a lgrgeSLD or Laser Module (Séghapter 33
on page 34p

17.2. Loading the Cantilever and Sample

This section covers sample and cantilever loading as well@soarse approach of the cantilever tip toward the
sample.

Raise the cantilever holder:

» Rotate theEngage Control Knob’ on the
Cypherclockwiseand hold until the
cantilever holder is far from the sample or is
at its upper limit of travel.

Note Although it is not required, for safety

1. | reasons we recommend making motor moves with
the door closed. Beware of pinch points

(Figure 1.1 on page)5

Warning: Pay attention! If you turn the knob the
wrong way (counterclockwise), you witbwerthe
cantilever holder instead of raising it. When you
lower the cantilever holder, you can crash the
cantilever holder into the sample and cause serious
damage to the scanner.

Open enclosure:

2. « Lift the door latch and open the enclosure
door.
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Unlock scanner:

« Lift the lever to the right of the scanner.

Pull the scanner forward:

 Pull the scanner forward gently and stop
4. when it is about halfway out. As you pull
the scanner out, at some point you will feel
resistance and should pull no farther.

[ Cantilever Holder |

Familiarize yourself with the sample area:

» While it may look solid, the scanner sample stage movesah®pte in X, Y, and Z
imperceptibly up to 40m.
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Release the cantilever holder:

 Locate the tool with yellow tip in the
chassis to the left of the scanner.

6.  Use tool to loosen the two screws clamping
the cantilever holder. One turn
counterclockwisshould be enough (do not
completely unthread screws.

» Replace the tool.

Rotate the cantilever holder:

 Place your fingers on the two side cantilever
holder handles.
» Rotatecounterclockwis@ few degrees.

1 the cantilever holder circuit board come out of
its mating connector. Stop when the board has
cleared the connector.

2 Notice the screws come away from the cutouts
in the cantilever holder.

Remove the cantilever holder:

» Once the board has cleared the connector,
carefullywiggle the cantilever holder up
and out.

» The resistance you feel as you remove the

8. cantilever holder comes is the cantilever

holder O-ring sliding out from the cell body.

Once the O-ring clears the cell body, be

ready for the resistance to drop suddenly.

Keep a firm grip on both handlgs keep

from flinging the cantilever holder across

the room!

Set aside the cantilever holder:

0. * Set the cantilever holder on its handles with
the cantilever facing up so that you do not
crush the cantilever.
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Locate your cantilever holder:

« ldentify the appropriate cantilever holder.
This tutorial requires the standard Gas
cantilever holder, Asylum Part# 901.758.

10.

Note To learn more about cantilever holders for
the Environmental Scanner, please refer to
Chapter 18 on page 188

Prepare cantilever mounting workspace:

 You will need the following items:

a) Tweezer, curved (Asylum Part #290.102)

b) 300 Philips Screwdriver (Asylum Part
#290.106)

11. c) Box of AC160TS cantilevers

d) Gas cantilever holder

» A low power binocular dissection
stereoscope with light source can be useful
for some of the following steps.

 Cleaning the tweezer tips with alcohol
improves the handling of the cantilevers.

Loosen the cantilever clip:

» Unscrew the clamping screws by one half

12. turn.

» Do not unthread the screw completely. If
you accidentally do, please refer to the
cantilever holder chapter.

YLUM
an mfﬁi?;ﬁﬁ.ﬁ&!:g D R A FT Page 182



Ch. 17. Tutorial: AC Mode in Air, ES Sec. 17.2. Loading the Can tilever and Sample

Remove the old cantilever:

13. * If a cantilever has already been loaded, use
tweezers to remove it from the cantilever
holder.

Select new cantilever:

» Use tweezers to pick up new cantilever.
¢ Close the box! Ruining $1k of levers by
putting your hand on an open box is not

unheard of.
14.
Note If your lab saves some old cantilevers,

consider practicing with a “dummy” cantilever.

Tip Some find it useful to first lay the chip down
on a non-sticky surface and re-grip it before
continuing.

Load new cantilever:

» Use tweezers to slide the new cantilever
under the clip. You can “push” or “pull” the
cantilever into place as you find
comfortable.

* Position the cantilever so that the tip is

15. approximately centered in the cantilever

holder window.

Note You may nudge the cantilever chip from the
side to align it, but do NOT nudge the end of the
chip, as you risk damaging the cantilever. It helps
to do this at least once under a binocular stereo
microscope.
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16.
Secure the new cantilever:
* Usingfingertip pressure onlylightly tighten the screw securing the cantilever to thetitever
holder.
» The clip should be just tight enough to secure the cantilefigp when it is pushed from the
side.
Prepare scanner to remove old sample:
» Leave the cantilever holder on your
workspace for now.
17 Note To load or unload a sample, you will need to

lower the coarse engage stage so that you can
access the sample stage.

» Rotate the Engage Control Knob
counterclockwisentil it reaches its lower
limit of travel.

Remove old sample:

» Use “Platypus” tweezers (Asylum Part #
114.721) to remove the old sample from the

18. sample stage.

* Wipe the sample stage clean with a cloth or
use compressed air. Any dust or grit will
prevent the sample disc from seating

properly.
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Replace with new sample:

» Use “Platypus” tweezers (Asylum Part #
19. 290.165) to place new sample on sample
stage. For this tutorial, use the Asylum
Research calibration grating sample, part #
900.237. It will attach magnetically.

Prepare scanner to load cantilever holder:

* RAISE THE COARSE ENGAGE STAGE
by turning the Engage Control Knob
clockwiseRaise the stage until it reaches its
upper limit of travel.

20.
Warning: Before loading the cantilever holder,

raise the coarse engage stage. If you do not raise
the coarse engage stage, you will crash the
cantilever into the sample and ruin your cantilever,
sample, and possibly even the cantilever holder!

Place cantilever holder:

» Check to make sure that the coarse engage
stage is raised to its highest position.

+ Position the cantilever holder in the cell
body as shown in the image to the right.
The cantilever holder should sit level and be
rotationally aligned so that the cantilever
holder board is almost touching its mating
connector.

21.

Press the cantilever holder down:

 Before starting this process it is important
that the cantilever holder is sitting level with
respect to the top of the cell body.

With fingers on both handles of the
cantilever holder, use firm pressure to
wiggle the cantilever down into the cell

body. The O-ring will offer some resistance.
When the cantilever holder is firmly seated,
you will feel a hard stop as metal parts make
contact.

22.
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Rotate:

» Rotate the cantilever holdetockwiseuntil
you feel a hard stop.

23. 1 The cantilever holder contacts slip into the

mating connector.

2 Notice the screws cause the hard stop as they
slip into the matching metal cutouts.

Tighten the screws:

 Place pressure on the cantilever holder
handles as shown. Make sure it’s firmly
seated.

 Finger tighten one of the screwsd stop

24. as soon as you feel any resistance

» Do the same to the other screw.

* Release the pressure on the handles and
tighten both screws a tiny bit more.

At all times, only hold the screwdriver with
your fingertips.

Slide scanner into chassis:

+ Slide the scanner back into the chassis. Use
firm pressure until you feel a hard stop.
Before you feel a hard stop you will feel a
spring-like resistance. You are making

25. thermal contact between the scanner and the
chassis. This is necessary for best
performance.

* Maintain pressure on scanner and press the
lever at the right downward to lock the
scanner into place.

Check correction collar:

» Check that the green correction collar on the
objective is set properly. For the Gas
cantilever holder, set the correction collar to
1.5.

26.
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Close enclosure door:
27.
» Gentlyclose the door and latch it.

Motor cantilever toward sample:

 Place your eyes level with the cantilever and
sample, so you can clearly see the gap
between cantilever and sample.

 Slowly turn the'Engage Control Knob’ on
the AFM enclosureounterclockwiseThis
will lower the cantilever holder and
objective toward the sample. The more you
turn, the faster the stage moves.

« Close the gap between tip and sample to  Warning: Nothing but your attentiveness will pre-
about 1 millimeter. vent the cantilever holder from crashing into the

sample. If you crash the cantilever holder you may
causeSERIOUSdamage to your cantilever holder
and scanner.

28.

29. This concludes the manual interaction with Cypher. We nesti bur attention to the computer. Please
jump toSection 7.3 on page 48
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CHAPTERREV. 2030,DATED 07/26/2018, 13:29. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

18.1 Identifying Cantilever Holders . . . . . . . . . . . . e e e e e e 188
18.1.1 Visual Guide of CantileverHolders . . . . . . . . . . . . . . e 188
18.1.2 Electronic Identification of CantileverHolders . . . . . . . . . . . . . ... ... .... 190
18.2 Disassembly . . . . . . e e e e e e e 190
18.2.1 Removingthe Clip. . . . . . . . . . L L e e e e e e e e 190
18.2.2 Attachingtheclip . . . . . . . . . . L e e e e e e 190
18.3 Cleaning . . . . . v o e e e e e e e e e e e e 191
18.4  StOrage . . . . v o i e e e e e e e e e e e e e e e e e e e e 193

Depending on your specific imaging application the appaiprtcantilever holder must be used. This chapter
serves as a guide to the available options and to help yotifigéme types of cantilever holders you may already
own.

All the available cantilever holders have many things in own:

 All have a circuit board which allows the system to identfig type of cantilever holder and to activate the
appropriate software control panels.

« All have a piezoelectric actuator and allow AC mode and acintnode imaging.
* Nearly all have the ability to apply a voltage to the cantie

Many more contain specific electronics allowing for curner@asurement, application of high voltage to the tip,
and more.

Cantilever holders are the most delicate components of Eid.Areat it like you might
Be Careful treat your great grandfather’s pocket watch. Never droRémember that even the most
basic cantilever holder costs thousands of dollars to cepla

18.1. Ildentifying Cantilever Holders

18.1.1. Visual Guide of Cantilever Holders

Please use this table to identify your cantilever holdedsfard the relevant sections which describe them.

| Part # | Holder Description | Top Photo | Bottom Photo |
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ilever Holders

Part # Holder Description

Top Photo

Bottom Photo

Gas
For most contact and
AC mode Imaging.

901.758

i Wﬂmuvm I Ii\|- i |n|'.'|'-'|| Tl

Liquid
For fluid imaging in a
droplet.

901.770

i

|1||||'iii'|'|'|'|'|'

Perfusion
For fluid imaging in a
droplet with flow.

901.745

I ||II-||'|n||‘||||-|n|[|n|:||‘|||||| LT N AR R TR
[ L Ll I I

ORCA

Conductive AFM with
a single current range,
2nA/V.

901.767

T T AT

WW"WM“'P'“I""W' P

High Voltage
Typically used for
High Voltage PFM
Imaging.

901.771

i =| i '|'""."'"'|"_""-'T'|'"'"“'|""I"'|| (TR

STM
Scanning Tunneling
Microscopy.

901.777

:I|l'|III||I‘IIrlHI|FII'|IilIIII‘I|II|||I'II|III||I||IIL|I'||:|I'|I i I|'I|'|I'I-II-'II

[P
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18.1.2. Electronic Identification of Cantilever Holders

1. Attach the cantilever holder to the Cypher Scanner.
2. From the main menu bar in the software selogramming > Cantilever Holder and Sample Panel.

3. At the bottom left of this panel click theeheck Holder button and the type of cantilever holder will be
highlighted.

18.2. Disassembly

Only the cantilever clip can be removed from the cantilevaldér. All other parts should not be removed or
serviced by the user.

18.2.1. Removing the Clip

Remove the screw:

1.  Using a small phillips screwdriver, simply
unscrew the screw completely.

The clip:

» The clip should come off as shown.
» Spare screws and O-rings can be found in
the parts kit (se&ection 16.1 on page 153

18.2.2. Attaching the clip

Cantilever holder:

1. * The Cantilever holder should be sitting
ready without a clip, as shown.
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Prepare the clip:

¢ Put the screw, clip, and O-ring together as
shown.

e Screw only a few turns into the threaded
hole in the glass of the cantilever holder.

e DO NOT TIGHTEN YET!

Check clip rotation:

« Rotate the clil so it does not overhang any of the glass ¢stedges.
¢ Press down on the clip so it settles down into the cutout afélze glass.

Tighten the screw:

¢ Using a small phillips screwdriver, tighten the screw Lydiu feel some resistance. This will
be the O-ring compressing.

« If the clip still has a tendency to turn around during tigtitey of the screw, consider holding
the clip pressed down (right photo) so it seats properly énditout feature.

18.3. Cleaning

Only the glass parts of the cantilever holder should conmedonntact with fluid during cleaning. To prevent fluid
from touching the circuit components, please use the abganip as shown below.
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Locate parts:

* Locate the Cleaning Cup (114.820).

 Select the cantilever holder you want to
clean.

» Optionally, remove the screw and clip (see
Section 18.2.1 on page 1p0

Attach holder to cup:

» Make sure the screws are loose enough.

« Fit and rotate the holder onto the the cup,
same procedure as fitting the holder to the

2 AFM (seeStep 22 on page 185

* Tighten the screws lightly.

Note: A perfusion cantilever holder should have
plugged fluid ports before proceeding to the next
step.

Add cleaning fluid:

» Pour a small amount of solvent or water into
the cup. We recommend ethyl or isopropyl
alcohol or deionized water.

Note Acetone and Methylene Chloride and other
aggressive solvents should not be used since they
can attack epoxy which is exposed when the
cantilever holder clip is removed.

Clean:

» Use a soft swab to clean the surface of the
cantilever holder.
» Rinse and repeat as desired.

5. Blow dry with compressed filtered air.
6. Remove the holder from the cup.

7. Blow dry around the large O-ring, some solvent may have becwapped in the outer perimeter O-ring
groove.
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18.4. Storage

After cleaning, store the cantilever holder in the membitamein which it originally shipped.

Figure 18.1.: A cantilever holder properly stored in its box.
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The sealed environment around the sample and cantilevemieefl by three components:
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* The cantilever holder forms the lid.
e The cell body forms the sides.
e The sample stage forms the bottom.

Cantilever Holder
= =

Cell Body

Sample Stage

(a) A Perfusion Cantilever Holder, Fluid Cell Body, and (b) A fully sealed assembly.
Ambient Sample Stage, disassembled.

Figure 19.1.: Ambient Stage

The various cell bodies are describedSection 19.1 on page 19%he cantilever holders ihapter 18 on
page 188and the samples stagesSection 19.2 on page 207

The connection between cell body and sample stage is alii@ysame mechanism and is describe®éat-
tion 19.3 on page 210

The process of attaching the gas lines to the side of the aéll Is described iBection 19.4.4 on page 218

19.1. Cell Body Guide

19.1.1. Identifying Cell Bodies

Please use this table to identify your cantilever holdedsfard the relevant sections which describe them.

Part # Holder Description Front Photo Back Photo

Gas

This cell is meant to be
used primarily for gas
environments as it has
electrical feedthroughs.
However, it can also be
used in a droplet : .
environment. IIIIIT|l1|r]_In|rl|u||||r|||1|Fa||l||-|||||r||||||1||s|||||||||'||||}'|'|'| L R

901.746

Fluid

This cell is the same
901.760 | astthe Gas cell, but it
does not have electrical
feedthroughs. .
) -I|I|II|IIII|IIII|IIliilllllml|ll|m¥“1!lllﬂﬂqﬂﬂgﬂqlﬂ?wﬂ A i |"W1- Ty
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19.1.2. Gas Cell

The Gas cell has three magnetic contacts which can be usedtmelectrical signals to the sample.

(a) Electrical Connector

Figure 19.2.: Gas Cell Body

(b) Magnetic Contacts

19.1.2.1. Parts list
Itm Part # Item Description Qty Picture
1 Gas Cell Body. 1
||Tl'in]mrFTlrmqnn]lm]un|unll||||||H|n||1|||||n||1|||1|
Boot Clamp Ring, 8 Bolt Pattern. E_
Connects to the bottom of the cell e
2 114.916 to form the seal between the cell 1 ;—
body and the sample stage =
membrane. SeStep 3 on page 213 =
00-90 x 1/8” 00-90 x 1/8” screw. Spare screws
used to fasten the sample stage
3 Pan Head 8
membrane to the cell body. See
SS Step 4 on page 211 $ 1 11T
Ui
The scale in the photos is in cm and mm.
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Itm Part # Item Description Qty Picture

4 1-72x0.25 | 1-72x 1/4” long screw. Used to 2 ~
SHCS SS | lock down the cantilever holder.

Gas Cell Cable. Cable to connect to ‘
5 448.137 magnet contacts. See 1
Section 19.1.2.3 on page 197

"{lul’r’l’n’iﬁiqﬁ]"ﬁﬂl | II'ljii‘l

The scale in the photos is in cm and mm.

19.1.2.2. Specifications

Exposed Materials:
Cellwall: Borosilicate Glass.

Contacts: Nicked or Gold Plated.

Other: Epoxy.

Cleaning:  The whole cell body can be immersed or sonicated in ethylaprigpyl alcohol or water. Do not use
acetone or methylene chloride or other aggressive solearitwill attack the epoxy between the glass and metal
parts.

Liquid use:  Safe for use with most liquids being used in a droplet, but @mmend the fluid cell body for
use with liquids.

19.1.2.3. Gas Cell Cable Installation

1. Raise the engage stage fully (s&ep 1 on page 179

2. Unlock the scanner and pull it all the way forward. This wilgenough access to plug in the cable. You
may find it more comfortably to take the scanner out of the ARivhpletely. To do so, turn off the system
power and follow instructions her&ection 31.1 on page 338

Locate Cable: u
3.

 Locate the Gas Cell Cable (448.137).

:'|'f'l-l-lPIFII"NIIIII]Ifll]!llllllil1I|II||1IItIlII|I1II|IIII1IIH1III1|I1II1III1|IIH
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Orient the cable:

» The cable will plug in with the holes facing
toward the top of the scanner.

Grip the cable with tweezers:

 Using sharp straight tipped tweezers, grip
the connector as shown.

insert the connector:

 Carefully insert the connector as shown.

Insert the smaller connector:

* Insert the smaller connector as shown on the left.
» The final cable position is shown on the right.
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19.1.2.4. Applying Sample Bias or Ground

Sample mounting:

* Mount your sample onto the Electrical i
1. Sample Puck Assembly (448.140) using

silver paint or some other conductive

adhesive.

Fﬂw-ﬂ-]m;m*l-nn|mrimi|imlnn|u|

WARNING: Never load “non-flat” samples into
the ES scanner.

» Unlike the S scanner, the ES scanner canni
accept “non-flat” samples. ®
* A “non-flat” sample is any sample in which
the region to be scanned is not the tallest <

feature on the sample puckor example,
the sample shown shown on the left has a

2. magnet glued to the puck that is taller than L_/
the sample. .

» Given the low profile of the ES cantilever
holders, it would not be possible to engage

on the sample shown shown on the left Sincg/arning:  Pay attention! Attempting to starting a
the magnet would hit the cantilever holder tip approach on a “non-flat’ sample may cause se-

before the cantilever engaged on the samplgo s damage to your cantilever holder and/or sam-
* For electrical measurements, use the ple stage.

low-profile electrical sample puck (as shown
on the right) provided in the accessory kit.

Sample BIAS Connection:

* Insert the sample puck as shown.

» Use blunt tipped tweezers to connect the
3. wire as shown: to the FRONT connection.
This applies a sample bias.

Note Lower the cell body to get more sample
access: seBtep 17 on page 184
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Sample GROUND Connection:

* Insert the sample puck as shown.

» Use blunt tipped tweezers to connect the
4, wire as shown., to the MIDDLE connection.
This grounds the sample.

Note Lower the cell body to get more sample
access: seBtep 17 on page 184

Sample User Connection:

» The middle SMB connector on the front of the scanner cormicectly to the third magnet, as
shown in the photo on the left.

NOTE: This is when using the standard gas cell cable (448.137)€eTdre other cables which
assigning the magnet connections differently.

NOTE: If you don’t have a connector then use the crosspoint swigstepto route one of the BNC
inputs from the side of the backpack to the “ sample” line. ¥Man’t get an ohmic connection
because the input passes through a buffer then throughdkspmint switch and then through
another buffer. In that case he input range is like all thegth+/-10 V.

19.1.3. Fluid Cell Body

19.1.3.1. Parts list
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Itm Part # Item Description Qty Picture

1 Fluid Cell Body. 1

i uu.n’uu|u||ii|.i|p|n|||n|:|i#ﬁnl_“uiﬁlllwllvlnfimTﬂ'ﬂ'Fn

Boot Clamp Ring, 8 Bolt Pattern.

Connects to the bottom of the cell
2 114.916 | to form the seal between the cell 1
body and the sample stage
membrane. SeBtep 3 on page 213

I‘|:||l|'|i|II||:II!I|'I|1'I|IIII]IIH|IIII|IIII]I

00-90 x 1/8” screw. Spare screws
00-90 x 1/8" P
used to fasten the sample stage
3 Pan Head 8
ss membrane to the cell body. See
4 1 3 L L

Step 4 on page 211

Iy

1-72x0.25 | 1-72 x 1/4” long screw. Used to

SHCS SS | lock down the cantilever holder. 2 ‘

The scale in the photos is in cm and mm.

19.1.3.2. Specifications
Exposed Materials:

Cell wall: Borosilicate Glass.

Cleaning:  The whole cell body can be immersed or sonicated in ethylaprigpyl alcohol or water. Do not use
acetone or methylene chloride or other aggressive solesritsvill attack the epoxy between the glass and metal
parts.

Liquid use:  Safe for use with any liquid compatible with borosilicatagsg.

19.1.4. Humidity Cell

19.1.4.1. Parts List
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Itm Part # Item Description Qty Picture

1 Humidity Cell Body. 1
Boot Clamp Ring, 8 Bolt Pattern.
Connects to the bottom of the cell

2 114.916 to form the seal between the cell 1
body and the sample stage
membrane. SeBtep 3 on page 213

00-90 x 1/8” 00-90 x 1/8” screw. Spare screws

used to fasten the sample stage

3 Pan Head 8

ss membrane to the cell body. See —

Ty

4 1-72x0.25 | 1-72 x 1/4” long screw. Used to 2

SHCS SS | lock down the cantilever holder.

Applications Board. Used to

5 458.257.1 | connect the Humidity sensorto the 1
scanner electronics.

The scale in the photos is in cm and mm.

19.1.4.2. Overview

1. » The Humidity Cell assembly consists of the]
cell body and an inrterconnect board called
an Applications Board.

YLUM
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Sensor and electrical connections:

» The humidity sensor is located behind the center hole irsidhe of the cell’s interior. The two
electrodes located on either side of the sensor openingdaelectrical connections to analog
ground and sample bias. Note that the stock applicationglb®aonfigured this way. Other
connections can be provided if your experiment requiresetbimg different. Please contact
Asylum Research for details.

19.1.4.3. Installation

1. Use the coarse adjust wheel on the enclosure to raise theestsatip stage to the top of its range.

2. Remove the cell/stage assembly that is currently instafiéde scanner. Please refer to the Cypher’s user
manual if you are not familiar with doing this.

Install the applications board:

3. * Place the applications board over the
connections on the top right side of teh
Environmental scanner.

Seat the board:

» Gently push the board onto the connectors}

5. Fit the cell body into the scanner and secure it to the engage sing with 3, 2-56 x 1/8” screws.

6. Secure the stage base into the scanner. Note that the hyméditis delivered with an Ambient Stage
already installed. The humidity cell body is compatibletwatl the Environmental Scanner Stages. If your
experiment requires temperature control then the ambtagescan be substituted for one of the active
stages..
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Connect the “pigtail “ cable from the humidity
cell body to the applications board:

» Gently push the plug on the cable into the
connector on the board.
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Rescan the smart start bus:

¢ Rescan the smart start bus to allow the
software to detect the addition of the
applications board and the cell body.

8. « Verify that the devices are now present in
the device list.

« Note: You may need to update the version
of the software to version 14.16.136 or
higher.

Asvum
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Record the humidity:

0. » The humidity and temperature data from the

19.2. Sample Stage Guide

19.2.1. Identifying Sample Stages

humidity sensor will now appear in the
Environmental controls panel.

Photo

Needed

Please use this table to identify your cantilever holdedsfard the relevant sections which describe them.

Part # Holder Description Front Photo Back Photo
Ambient
901.761 For imaging at ambien
temperatures. Safe for|
gas and fluid operation. ;
! I Ill. I |IIIIII|'|I|'I|-.|II'II:I|I'II|I|I|||-II|II|I||!||:II|.I|II|'||II-lI
Heater
For imaging at ambien
901.747 | temperatures up to
250C. Safe for gas
operation only.
" Ill.".u.lllm"I”li“}l"“rmllml”“'“ bl o D TR ||||-| i | T
Cooler Heater a |
For imaging at OC to
901.748 120C. Safe for gas and
fluid operation.
e i g L A |
19.2.2. Ambient Sample Stage
The ambient sample stage is the first choice for imaging ahr@mperature
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llll’llllpn|lﬁl_qn_unm"”'---mm|||m|

(a) Top Surface (b) Bottom View

Figure 19.3.: Ambient Stage

19.2.2.1. Parts list

There are no associated parts. The stage comes by itselaanshhnt number 901.761.

19.2.2.2. Specifications

Exposed Materials:
Membrane: FFKM.

Stage surface: 316 Stainless Steel.
Sample Hold down: Embedded magnets.

Electrical: ~ Stage surface is not grounded (floating) and sufficientliatsd to be safe for use with high voltage
applications. .

Cleaning: The whole stage can be immersed or sonicated in ethyl orapgpalcohol or water.

Liquid use:  Safe for use with samples in liquid droplets.

19.2.3. Heater Sample Stage

The ambient sample stage is the first choice for imaging ahr@mnperature

19.2.3.1. Parts list

There are no associated parts. The stage comes by itselbanshht number 901.747.
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Figure 19.4.: Heater Stage

19.2.3.2. Specifications

Exposed Materials:
Membrane: FFKM.
Stage surface: Alumina Ceramic.

Other surfaces: Stainless steel, Epoxy.
Sample Hold down: Embedded magnets.

Electrical:  Stage surface is not grounded (floating) and sufficientliated to be safe for use with high voltage
applications. .

Cleaning:  Only wipe the sample stage with a swab dampened with alcohol.

Temperature range:  Ambient to 250C°C as measured by a sensor embedded se@rah®elow the surface
on which the sample sits.

Liquid use:  Not for use with any kind of liquid. Only use in air or with irtegas purge.

19.2.4. Cooler Heater Sample Stage

The ambient sample stage is the first choice for imaging ahr@mperature

19.2.4.1. Parts list
There are no associated parts. The stage comes by itselbanshhnt number 901.748.
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(a) Top Surface (b) Bottom View

Figure 19.5.: Cooler Heater Stage

19.2.4.2. Specifications

Exposed Materials:
Membrane: FFKM.

Stage surface: 316 Stainless Steel.
Sample Hold down: Embedded magnets.

Electrical:  Stage surface is not grounded (floating) and sufficientliated to be safe for use with high voltage
applications. .

Cleaning: When mounted to a CES cell body, it can be filled with nearly solyent compatible with FFKM
and Stainless steel and quartz. When disassembled, wipeavgiblvent soaked swab or cloth, but keep liquids
away from the back of the device and the circuit board coramect

Temperature range:  0°C to 120°C as measured by a sensor embedded several mmthelswface on which
the sample sits.

Liquid use:  Safe for use with samples in liquid droplets.

19.3. Tutorial: Disassembling the Sample Stage from the Cel | Body

This tutorial will go through the steps of removing one saenfpbm a cell body and replacing it with another.
This tutorial starts with the combination of a gas cell bottgehed to an ambient stage, and replaces that ambient
stage with a heater stage.

Your cell body and sample stage may differ, but the way thedtteach is universal.

19.3.1. Separate Sample Stage and Chamber

1. Locate the 1.7mm slotted screwdriver and a pair of curve@rees.
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Figure 19.6.: Ambient stage / fluid cell body combination on the left. Heater stage / gas cell body combination on the
right.

Remove screws:

» Remove the two cantilever locking screws as shown and kaythside.

Extend the membrane:

 Place the assembly as shown.
» Pull on the sample stage bottom and extend the membranewas sh
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Loosen all the screws:

» Using a 1.7mm flat tipped screwdriver, loosen all the screws

NOTE: Be careful not to slip and possibly puncture the membranie thié screwdriver.

Remove the ring:

* Remove the retaining ring and set it and the
screws aside.

Remove the sample stage:

« Lift off the sample stage.

Finished:

* Your parts should now be as shown to the
right.

 Store the sample stage as discussed in
Section 19.5 on page 222
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19.3.2. Attach Cell Body and Sample Stage

Prepare parts:

» Sample stage on the left.

 Cell body in the middle

1. * Membrane clamping ring and screws to the
right. More screws (00-90 X 1/8") can be
found in the Environmental Scanner
accessory kit (seBection 16.1 on

page 163

Place the stage:

* Note the three small holes in the “petals” on
the diaphragm perimeter.

2. * Align those with the three pins on the
bottom of the cell. The parts can only go
together one way.

* Assist the diaphragm so the pins go through
the holes.

Place the ring:

» As shown in the photos, place the ring.
e The ring has three small holes that line up with the pins.
 Seat the ring flush against the diaphragm.

NOTE: The ring has a smooth side and a side with raised metal featdfeen the ring is properly
placed, the smooth side is showing and the raised featurestia diaphragm.
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Place the screws: ‘ \ w
4.  As shown, place all the screws in the holes. .' =
e Double check that the ring is not upside
down!
5.
Tighten the screws:
» Using a 1.7mm flat tipped screwdriver, tighten all the saew
* First tighten them in the pattern shown for the first four. &ffall 8 screws are snug, go around
once more and tighten firmly while holding the tool only withdertips to prevent
over-tightening.
NOTE: Be careful not to slip and possibly puncture the membranie g screwdriver.
Finished:
6. * Your parts should now be as shown to the
right.
Preforming the diaphragm:
7. » Gently press the sample stage as shown so
the diaphragm pops through to the other
side.
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Press back:
8.  Press the stage back a little until you can
grab it from the back side.
9.

Finish preforming:

* Pulling from the back of the sample stage, move the stagie drad forth until the membrane is
formed as shown on the right.

At this point the stage is ready to be mounted on the ScaneeSgction 19.4.4 on page 2)18r stored away it
in its storage container (s&ection 19.5 on page 2p2

19.4. Tutorial: Exchanging the Sample Stage and Cell Body

This tutorial provides a quick path to learning the basicshafnging cell bodies (s&&hapter 19 on page 19dr
various options) and sample stages (Seetion 19.2 on page 20@r various options).

The Cypher is a research grade instrument and improper dlse wfstrument can cause damage to the instrument
and/or injury to the user.

Before you start:

* We assume you understand the aspects of running this sgstfety: Chapter 1 on page. 3
* You are familiar with the basic names of the hardware coreptsiand software control€hapter 2 on
page 14)

This tutorial makes the rather arbitrary choice of startiittp an environmental scanner equipped with an ambient
stage / fluid cell body and replacing that with a heater staggs/cell body combination (Sdégure 19.7 on
page 215 Depending on what you have available, please make thess@gesubstitutions.
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Figure 19.7.: Ambient stage / fluid cell body combination on the left. Heater stage / Gas cell body combination on the
right.

19.4.1. Required Materials

This tutorial is designed to be performed, not merely red@ossible, take the tutorial under the supervision of
an experienced user (tell them to mostly sit back thoughearwill not learn as much as you would by yourself).

Prepare your materials: It will be necessary
to gather a few items prior to beginning the
tutorial:

a) Tweezers, preferably with curved tip (for
example, Asylum Part #290.102)

b) 1/16” Hex Driver (Asylum Part #290.130)
c) 5/64” (2mm) Hex Driver

d) Sample stage already attached to a cell
body.

19.4.2. Prepare the scanner

Remove the cantilever holder:

1. * Remove the cantilever holder and place it, cantileverdiprfg UP, to the side. S&kep 6 on
page 18@&nd the following few steps.
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Prepare scanner for Removal.

* RAISE THE COARSE ENGAGE STAGE
by turning the Engage Control Knob

2. clockwiseRaise the stage until it reaches its

upper limit of travel.

This will prepare the engage mechanism for a later
step of installing a heated temperature stage.

Remove the scanner:

3. » Turn off the ARC2 controller power and remove the scanranfthe Cypher Chassis (see
Section 31.1 on page 338r further details) and place it on a well lighted clean weukface.

19.4.3. Remove the Sample Stage and Chamber

Loosen the sample stage clamping screw:

* Insert the 5/64” Hex Driver into the screw
hole at the front of the scanner.

e Turn the Hex Drivercounterclockwisat
mostTHREE full rotations to loosen
sufficiently.

3 X 360° Max

Note Turning the locking screw (114.576) more
than three turns may cause the screw to come all
the way out.

Note If the screw comes all the way out, you may
need to lean the scanner forward until the screw
slide out to a place where you can put it back on
the wrench.

Loosen the cell body screws:

» Use the 5/64” Hex Driver to loosen the
screws at the top of the cell body.

» Set the screws aside.

 Extra screws are available in your kit.
Replace old screws with Item 20, 2-56 x
1/8”" long screws (Asylum Part #SHCS SS).
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Pull the cell body partway out:

3. » Grasping the cell blocks, pull up on the cell
body until the diaphragm is fully extended.

Loosen fittings of gas in/out lines: In this
step, you will remove the gas in/out lines. Notice
that the gas lines are sealed by a small O-ring
(230.039) which may or may not come out when
you pull out the gas lines.

4.  Grasp the cell body with your dominant
hand.

» With the opposite hand, use ONLY YOUR
BARE FINGERS to loosen the fitting by
turning it counterclockwiséo loosen it.

» Detach both gas lines.

5. Check the gas lines to see if small O-rings are stuck to the sdally the rings will stay inside the cell,
but in case they are stuck to the gas lines, please unstiokdne place aside.

Lift out the sample stage:

« Lift the sample stage out of the cell body.

« If you encounter resistance, you may need
to further loosen the sample stage clamping
screw (seétep 1 on page 2)7

7. Store the sample stage / cell body combination it its profgage container. SE? on page??.

19.4.4. Mount the New Stage/Cell Combination

Check the membrane shape:

» Make sure the rubber membrane on the
sample stage is properly formed as shown in
the photo.

* If necessary, seStep 7 on page 21dn how
do form the membrane.
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Check for O-rings:

e The cell body on the left has the O-ring (230.039) missing.
» The cell body on the right has a properly seated O-ring.

Place O-rings if necessary:

* If no O-ring (230.039) is present, place it in
the bottom of the port, up against the glass.

« If the O-ring is not properly centered,

3. remove it (preferably with a sharp wooden
stick) and replace it.

« If you are gentle with the cell, the O-rings
should stay in place during the following
steps.

Prepare to route the cable:

Note This step requires that the engage stage was
fully raised before the scanner was unplugged.

» Hold the stage/cell as shown and tuck the
cable connector under the engage ring using
the “platypus” tweezers.
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Guide the heater cable under the ring:

» As shown, guide the connector under the ring.
 Leave it sitting loose on the top of the scanner.

Attach Gas Lines:

» Using only your fingers to tighten the

6. screws, attach the gas lines to the cell body
as shown.

 Tighten until snug, don’t overdo it.

Seat the sample stage:

* Lower the dovetail connection at the bottom
of the stage into the receiving hole on top of
the scanner.

 Press lightly onto the top of the sample

7 stage until the sample stage sinks down into
the hole.

» Check that the cell body is seated on the
scanner engage ring.

Note A properly seated sample stage is centered
in the cell body and
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Tighten sample stage:

» Press down on the sample stage to keep it
flush against the scanner.
 Tighten the screw using the 5/64” driver.

8. This will take about three turns before you
feel resistance.
 Tighten snug, only using your fingertips to
handle the tool.
Secure the cell body:
 Locate three 2-56 X 1/8” screws and the
9 1/16” hex driver tool.

'  Fasten the screws as shown, using only your
fingertips to hold the tool. This will prevent
over tightening.

10.

Connect the heater cable:

* As shown, insert the heater cable connector.
e Push it flush.

Final checks:

» Your scanner should now look like the
photo to the right.

CHECK The sample stage top surface sits quite
11. | deep as shown, below the glass sidewalls of the
cell body. View the stage through the windows on
the sides of the cell and make sure you cannot see
it. If the sample stage was not seated properly, you
will crush it when you go to insert the cantilever
holder.
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19.4.5. Replace the Scanner

1. Referto31.3

2. When pressing the scanner against the back of the chassishgold sense a hard stop of metal touching
against metal. This requires a little extra pressure to cesgsome springs behind the copper plate at the
back of the scanner. Not pressing the scanner all the waytietohassis may hamper thermal performance
when using cooling or heating stages.

19.5. Storage

19.5.1. Storing Cell Bodies

Once a sample stage has been removed from a cell bodyl@&ae), the cell body should be stored in the
membrane container in which it shipped. $égure 19.8 on page 223

For cell bodies were recommend storing the membrane claympig attached tot the cell body with its eight
screws and placing any other associated accessories soahlas with the cell in the box.Storing sample stage /
cell body combinations

Since cell bodies must always be used while attached to alesstgge, we recommend storing them together
when possible. For this purpose the cell body is shipped eneesvhat larger container and includes a plastic cap
which is used when storing cell bodies and samples stagethign the box. It works as follows:

Locate the box: ! |

1.  Locate the cell body storage container. . ' l
* It should include the storage cup. '

Place the cap:

» Open the box and remove the cup.
 Place the cap on the cell body as shown.

Note The cutout on the cup should be placed
where the cable exits the heater stage and where
the electrical vias are located..
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Close the box:

¢ Close the box and latch it.
« Inspect the other side to confirm that the
diaphragm is not overly deformed.

19.5.2. Storing Disassembled Cell Bodies

Once a sample stage has been removed from a cell bodyl@8¢), it should be stored in the membrane
container in which it shipped. Ségégure 19.8 on page 223

(a) Heater Stage (b) Gas Cell Body (c) Passive Stage

Figure 19.8.: Various stages and cell bodies stored in their containers.
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20. Gas Handling and Leak Testing

CHAPTERREV. 1912 ,DATED 03/03/2017, 08:49. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
Chapter Contents
20.1 GasHandling Overview . . . . . . . . o 0 e e e e e e e e e e e e e e e e e 224
20.2 Manifold Connections . . . . . . . . . . e e e e e e e e e e e e e e e 224
20.2.1 Scanner Faceplate Removal . . . . . . . . . . 224
20.2.2 Manifold Cell-side connection . . . . . . . . . . . . . . 0 e e e e e 225
20.2.3 Manifold Lab-side connection . . . . . . . . . . . . e e e e e e 226
20.3 GasPerfusionImaging . . . . . . . . . e e e e e e e e e e e e e e e 227
20.4 Attaching Threaded fittingstotubing. . . . . . . . . . . . . . . . . e 227

20.1. Gas Handling Overview

Figure 20.1 on page 22hows the front of the scanner with the cover removed 28e2.1to accomplish this).
The two gas lines attached to the sample cell body are rougediving guides to the bottom left of the scanner.
One of the lines branches off to a pressure sensor and theagahsough a computer controlled valve. Depending
on the application, this valve may be open or closed, and ytlmeamanually or computer controlled.

20.2. Manifold Connections

20.2.1. Scanner Faceplate Removal

Remove the scanner cover:

 Grip the cover as shown.
* Pull forward. The cover is attached magnetically.
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- Fitting

Tubing Guide

Valved Line

Open Line

Figure 20.1.: Gas Handling Overview

20.2.2. Manifold Cell-side connection

Process for removing the tubing connected on the cell-ditleeovalve manifold.

Remove the fitting using the tool:

 Place the tool on the fitting. The slot in the tool slides ahertubing.

» Unscrew until the fitting comes loose. An O-ring should sattached to the tubing. If not, you
may need to retrieve it from the port with tweezers.

« Ifit feels there is not enough room to complete this stepapé follow to the next step:
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Remove the manifold (optional):

2 * ONLY IF there was not enough room to
' complete the last step, remove the two
screws shown in the photo.

Remove fittings while holding manifold:

 Pull the manifold forward a little. Pay
attention not to apply tension to the tubing
or the wires.

* Remove the fitting using fingers or the tool
shown in previous steps.

» When the tubing has been replaced, reverse
attach the manifold again with its screws.

20.2.3. Manifold Lab-side connection

Locate the manifold port:

1. » The lab-side port of the valve manifold is
shown in the photo.

Prepare tubing:

« Attach the tubing with fitting to the fitting
tool as shown.

» Note that the tubing should have a small bit
extending beyond the ferrule. This space
holds the O-ring (230.039)
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Tighten fitting:

« Tighten the fitting as shown.

3. « Do not over tighten. Holding the tool with
fingertips only should prevent any damage
to the fitting.

Guide the tubing:

e Press the tubing into the guides. Note that
the tubing is not perfectly round and it may
fit better if it is twisted a bit.

20.3. Gas Perfusion Imaging

20.4. Attaching Threaded fittings to tubing.
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21. Tutorial: Fluid Imaging

CHAPTERREV. 2035,DATED 08/15/2018, 11:50. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

21.1 Tutorial: Fluid Imaging with Perfusion . . . . . . . . . . . . . . . e 228
21.1.1 Preparethetubing . . . . . . . . L e e e e e e e e 228
21.1.2 Prepare for syringe attachment . . . . . . . . . . . . ..o 000 e e e 231
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21.1. Tutorial: Fluid Imaging with Perfusion

This tutorial will walk through the simplest form of perfasi imaging, using two 1cc syringes to successively
inject and withdraw small amount of fluid.

21.1.1. Prepare the tubing

Prepare 1/32” tubing

» Think ahead of how much you need to move
your reservoirs.

* Allow for enough tubing so the syringes can
comfortably be placed outside the AFM
enclosure.
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2.
Stretch tubing:
» Thin out one end of each piece of tubing. If no pliers are adyjust pinch between your
fingernails
Trim tubing:
3 » With a fresh #15 scalpel blade, trim the

tubing in the thin section. Leave as much
thin tubing as possible.
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Insert the tubing:

* From the outside in, thread in thinned tubing.
e From the inside, pull it through until a few cm of unstretdtiebing comes through the hole.

Trim off excess tubing:

» Using a sharp #15 scalpel blade, trim the

5. excess tubing flush with the glass.

» Repeat the process for the adjacent
perfusion port and tubing.

Finished:

» The cantilever holder should look as in the photos.
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Sec. 21.1. Tutorial: Fluid |

maging with Perfusion

21.1.2.

Prepare for syringe attachment

Gauge Plug:

 Finger tighten the white Gauge Plug into the

larger end of the Adapter.

Insert the tubing:

» Thread the 1/32" tubing through the small
fitting. Leave a small amount sticking out of
the end.

» Thread the fitting into the adapter. Before it
is tight, slide the tubing as far as it will go
into the fitting. It will come to a stop against
the white Gauge Plug.

 Finger tighten the fitting fully. Tug on the
tubing to make sure it stays in place.

* Remove the white Gauge Plug and store it
for later use.

Attach the luer adapter:

 Finger tighten the luer adapter as shown.

ESEARCH

an Oxford Instruments company

Attach the syringe:
e For a non luer lock syringe, press and twist
the syringe firmly into the fitting.
 For aluer locking syringe, twist the syringe
in to place.
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21.1.3. Prepare the cantilever holder for imaging

1.
Attach syringes:
« At this point you should have two syringes attached as shown
» The top syringe, connected to the port closest to the eaetilholder, should be filled with a
very small amount of fluid, perhaps 0.1cc.
» The bottom syringe, connected to the port furthest fronctrdilever, should be filled with
fluid.
Note It is helpful to mark the syringes with IN and OUT, using ktflags of adhesive tape. Halfway
through the perfusion process it will be difficult to tell whiis which.
Prime the tubing:
» Push bubbles out of the tubing for both IN
5 and OUT syringes.

» Suck up any excess fluid. In the photo a
laboratory pipette is being used.
e Leave a small droplet on the cantilever.
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21.1.4. Prepare the sample

Prepare the sample:
e Put sample in the chamber F h Oto

e Put about 100 uL of fluid on the sample.

(necessary?)
» Motor UP to a level a few mm below where ee e

the lever will crash.

21.1.5. Sealing the chamber

Install the cantilever holder:

 As described irBection 17.2 on page 179
install the cantilever holder onto the
chamber.
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21.1.6. Imaging during Perfusion

1.
Motor down:
* The valve on the front of the scanner should still be inGHREN position.
» With the scanner still pulled out Motor Down manually.
* Inspect Droplet as it necks down. Do€RASH!
 Stop before reaching the surface.
Note: A safe way to go about this is to engage first without any licand store the sample position
in the software.
Go to pre-engage height:
2. » With all valves as they were, follow usual process of gomthie pre engage height.
» We'll assume imaging will commence after fluid is flowing.
Close gas valve:
3. I .
» While still at pre-engage height.. Close Gas Valve (buttorscanner front).

4. Image as usual.

21.1.7. Perfusion
1. To perfuse fluid, depress the syringe marked “IN” by a modesiunt: ~30 micro liters. This will cause
the droplet to swell slightly.
2. Pull the plunger back on the syringe marked OUT by an equalaimo

3. Repeat the process a few times if desired.
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21.1.8. Disassembly

Remove the cantilever holder:

* Open Gas Valve (C).
» Motor Up (E)
* Remove the cantilever holder.

« If all went well there should be no fluid in the membrane gudiied there should be about 150
microliters of fluid on the sample.

21.2. Perfusion Flow Characteristics

A perfusion experiment with two glass syringes, one fillethwvater and the other with dye and water. The two
are connected to a valve, and about 1 foot of 1/32” tubing hetaeen the valve and the cell. Another foot of
tubing runs from the cell to a balance to measure flow rate.

In perfusion experiment A, the flow is switched at about 1 rtentlow rate ~1.3 uL / second.
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Figure 21.1.: Perfusion Experiment A
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22:00 23:00 24:00 25:00

Figure 21.2.: Perfusion Experiment B
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22. Tutorial: FM Mode Imaging in Fluid
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All new users should complete and understand the “AC Modagimngain Air” tutorial before at-
tempting any imaging.

FM Mode imaging is fairly advanced and the user is considéduke quite proficient at AC mode imaging in
air and fluid. This tutorial should be performed on a runniypler, as opposed to merely read, and if possible
should be done under the supervision of a user already tamilth the operation of the Cypher.

Before you start:

« We assume you understand the aspects of running this sgstfety: Chapter 1 on page3

* You are familiar with the basic names of the hardware coreptsiand software control€hapter 2 on
page 14)

* You have powered up the Cypher and launched the latesbwet§i software: Chapter 5 on page 383

22.1. Required Materials

This tutorial is designed to be performed, not merely rebgdossible, it is advised to perform the tutorial under
the supervision of an experienced user (ask them to watchymmthe instrument - instead of showing you the
steps - so that learn as much as possible).

Prior to beginning the tutorial, gather to following items:
1. Cypherinstrument equipped with blueDrive photothermaltation

2. Probes: You will need FS1500 AuD probe, which has a cantilmsonant frequency between 800 kHz and
2000 kHz, and spring constant is between 1.5 N/m and 10 N/m.

3. Samples: Freshly cleaved calcite and clean filtered DI water

22.2. Cleaving and Preparing the Calcite Sample

» Prepare a fresh and clean calcite surface
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Ch. 22. Tutorial: FM Mode in Fluid Sec. 22.3. Prepare hardwar e

22.3. Prepare hardware

 Place the lowest possible blueDrive filter cube in the lgseh - for ArrowUHF probe start by using 0.1x
or 0.03x filter cube
 Clean a cantillever holder that will be used for imagindHer a liquid or a perfusion cantilever holder)

* Load a cantilever into the holder

22.4. Calibration and Approach

The Mode Master window:

» The software should now be showing the

1. Mode Master window.
* If not, click the Mode Master button at the
bottom of the screemci/svn/rasy-svn/ConfigurationFiles/ModeMasterFigures/Version 15/ModeMasterBu

C:/svn/rasy-svn/ConfigurationFileg/ModeMasterFigures

i

C:/svn/rasy-svn/Conf igiraltCiofdiinl fse/Mpdetia/SerFiignmmes)/dei Eliesy M &d ¥baetimR omTieds Stem

2.
Select Mode:
» SelectStandard tab > Template
» The screen will now re-arrange and present all the contretessary for this type of AFM
imaging.
Align Laser
3. * Open the Video Panel

— Use the arrows in the Video Panel to move the laser spot oatoahtilever and
maximize the SUM signal
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Ch. 22. Tutorial: FM Mode in FluidSec. 22.5. Software setup a  nd liquid imaging in AC mode

 Master Paned [TH1 ) o

+ w13 ewct = 033 reen g 1003 Frez
el Savsi Corater |33 00ver im ]

Calibrate Probe

» Choose the Thermal icon in the Master Panel
— thermal graph will appear
* Click on the Get Real icon which in trun will open a Probe Rane
» Choose the probe that is used for the experiment
* Click GetReal Calibration
» Once the calibration is compleated, the Amp InvOLS andr§p@onstant values at the top
part of the thermal graph will be updated

Remove the cantilever holder and place the freshly cleaalite sample on the scanner
Add a drop of water to the sample

Put a drop of water on the probe and place the cantilever hblik on the scanner

© N o O

While looking at the distance between the probe and the sgrapproach the sample to the tip so that both
water drops join and the sample and lever are both in water@maent

22.5. Software setup and liquid imaging in AC mode

1. Re-align the laser on the cantilever (now in liquid) - Sumwdtde ~ 6V
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I Theme Gurph I B Thermal Geagh =B
o Ampiwes 9sanmv g [ Ol Freq [ Ao0IMOLS 85T nmv g - Duai Freq
Samgles 172 Sprng Constam 734 stinn Sawphs 170 Sering Constant 734 reon= KR
g ¥
2. | 3 :
26107 2x10™
T T T T T T T T T T T
350 400 450 500 550 600 650 350 400 450 500 550 600 650
kHz kHz
Capture a thermal of the cantilever in liquid:
» Make sure that the padlock besides Spring Constant is ¢bcke
» Re-fit the thermal data to obtain the updated (water) Inv@&l8e
» Transfer the frequency of thermal peak to the tune panel
— Right click on the peak of the Thermal Graph and choose Moeg Bnd Phase to Tune
| wmaga F"om: | Fmap T Dual Freq
e Sice Pl 20 Soihees o o o
20 nm 3 157 5 p
F‘En-lséLiw:y ¥ S".':r TT:n:
12.00 kHz
I‘In.f: t:wplrmn‘
Al <
3' Bazz hame Sufi
e 0262 |2
Bave Paval s [¥] . r Y
350 kHz 400 kHz A50 kHz. 500 kHz. 550 kHz
Y oo
Turn on blueDrive photothermal excitation
* In the Tune graph, click on Adv.
* In the Advanced panel, choose blueDrive form the drop downunof Tune Drive
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Ch. 22. Tutorial: FM Mode in FluidSec. 22.5. Software setup a  nd liquid imaging in AC mode

Tune panel

» Set the Sweep width to 250 kHz
* Click one Tune
* When tune is done, right click on the peak 010 PN F160°
and choose set Drive Frequency ’ '
» Move the blue laser spot around the base of
4 the cantilever to maximize the amplitude
' (see note below)
 Adjust the drive amplitude (in the Master 004
Panel) until the amplitude of the tune
reaches ~ 50 mV (visible on the graph and
in the Sum and Deflection panel) = [
* Set the setpoint (in the Master Panel) to ~ R T
40 mV

Dual Freq [

006"
s

0024

71 Video fo & ==

¥ SpotOn o TipPos & Zoom § Home Options ~+ Capture  [3

Tip Move blueDrive spot around to maximize
amplitude

Note Itis possible to attain a higher oscillation
amplitude by moving the blueDrive spot to the side
as shown in the image

Zoom:40  Coords: 237.1,7087um | #¥ L]
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nd liquid imaging in AC mode

Engage Panel

 Set the tip position while focused on the tip

1. » Set the sample position while focused on
the sample

* Click on Start Tip Approach

2. Once the tip is in piezo range of the sample, capture anothemilal Tune with z-piezo at OV (sample is

2-3 um from surface)

1] Engage Panel (Ctrl+8) [S]=][==]
‘ Approach | Detector | Prefs |
0 d (Un) Load
y ‘-,, g A Sample
Al A s
Wy — Focus E
ove Focus i
y R On Tip &
S
A 4 Focus E
On Sample T
v Sample Heith—
h 4 2628mm |2
Move To
Pre-Engage
Focus Position: 2654 mm 7 o\ N
i [ )
Tip Position: 2.654 mm Approach

3. Lock padlock besides spring constant on Thermal Graph tal@slate Amplitude InvOLS

4. Right click on the peak in Thermal Graph and Move Freq and ®t@m3une

5. When the tune is complete, verify that that the phase is <0 ttegrees

Imaging parameters - Master panel

» Set the scan size to 20 nm

Set the scan rate to 10 Hz

» Set the gain to ~60

 Start imaging by pressing Scan Down

7. Startimaging

| Master Panel (Ctrl+5)

" Image | Force | Fmap

Scan Size Pixel Size
20.00 nm 157.5 pm
Points & Lines Scan Time
128 00:00:13
Scan Rate
9.77 Hz
Continuous ModeE]

Frame Frame

a) decrease the free amplitude (by decreasing drive ardplituthe Master Panel)

b) then, decrease the setpoint unil trace and retrace pvesleh other

c) repeat several times to image with the lowest amplitudssipte
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Ch. 22. Tutorial: FM Mode in FluidSec. 22.5. Software setup a  nd liquid imaging in AC mode

‘]
(354
Sty
7ot
5

(500
A
sl

Imaging

» Acquire a 20 nm image and re-size the scan
8. to 10 nm

» Once the imaging looks optimized, stop the
scan and switch to FM mode
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Ch. 22. Tutorial: FM Mode in Fluid Sec. 22.6. FM curves

22.6. FM curves

1. In Master Panel, go to the Force tab

s [a]® [&]]

Image Fmap

O Start Dist 2.42 ym =RO) m
O ?

2

?

Force Dist 50.00nm %
Scan Rate 0.99 Hz =
@® [spiit| Velocity|99.21 nmis |3
Misc Cal. Go There Save
Dwell FB ZSensor ~ 2

e Choose FM Mode for Imaging mode —
[J Indenter Ramp after Trigger ' ndenter Panel

» Click on Channels button and select [0  BiasRampafter Trigger | Do v Panel

— Frequency Dwell

_ Dissipation Dwell No Dwell ?

Am Iitude Dwell Time 0.99s S ?

P Sample Rate 2,000kHz ¢ ?

— Phase Low Pass Filter 1.000kHz % 2

— Make sure to plot versus DRIVE (not ™ Real Time Update| Auto| | ?

2 ZSensor) for short curve (tens of nm) -

—
)

. . . A 1 ing Mod v
as Drive is a quieter signal than [Limaoigode]_ i uods

) . . Trigger Channel  Frequency |v ?
ZSensor (WhIC.h has 50 pm of noise in e ® PateO %
al kHz bandwidth) Absolute O Relative @ 2
» Choose trigger: Frequency Trigger Point 15.000 kHz & ?
— Increasing Wanidiaw i
_ Relative Single Force ContinAuous 2
) ) ) Save Curve Review 2
* Trigger Point: 15 kHz is a good start e Setup 2
® Count2 O [ [m] 0 m| O 7
[0 oo e |»
®Foice “ [ m] (o) | a 7"’_"/ 2
@ RawZSensor [ O 0 | O o] I
@ Defivons g |0 ol O |lm
@ AmpVots Ol oo O |e
Time [ o | 0 |®
£ More’ Setup Doit Doit 2
Channel
Everse Aus m] %] O 1%} ?

3. Locate the FM Panel (AFM Controls —> Other —> FM Panel)
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Sec. 22.6. FM curves

Un-check and check the Auto Calculate
Gains, the values should update

— the gains can adjusted by the user
Set the Drive Set Point to required
amplitude

— start with 3 Angstroms: 3A =0.3nm;

— Ex: 0.3nm/10.25nm/V InvOLS =

5 FM Panel E=slicy ==
V| Frequency Feedback On V| Drive Feedback On 2
V! Auto Calculate Gains (Recommended) 2
9013 ?
an 133938 ve P Gain (35 2
Freq Limit High 78.12 kHz  Drive Limit High | 1.90 v ?
Freq Limit Low -78.12 kHz ¢ Drive LimitLow 0V g (2
Drive Set Point | 30.00 mV 2
7|Positve Stope N Fla Feedback| Frequency | v 2
Imaging Mode FM Mode ‘_'] 2
Setup 2

1] Sum and Deflection Meter (Ctrl+6)

F=RECREx]
0.0292V =29.3mV Sum6.17 I & [ Soovee
e Activate Feedback Loops by checking the Deflection/0.05 | | Engage
boxes besides Amp (mV)[29.8 ZanED
— EM feedback ON Phase|90.09 | GetStarted™
4. — Drive Feedback ON Freq Off|647.08 ) E—
) Diss. mW|[0.36 [
* When the freq_uency and d_rlve feedb_acks are Voltage0.00 | NI~
ON, the foIIowmg.vaIues will appear in the Input Overioad| ® sin] @
SUM and Deflection meter
— Amp (mV) = Drive SetPoint Value = S
— Phase =90 Ha|
— Freq Off = frequency offset compared i g
to the value of drive frequency from i i e . -
tune, here 647 Hz = 2 ' i
— Diss mW = power (in mW) needed to e . e
keep the Drive Set Point Value at 30 ;fz:g_m L ; A MWW |
mV Easn
£ b P
e (o @ | =]
Image  Force Fmap
@) StatDist242ym 2 @ m
Curve parameters - Master Panel; Force Tab
Force Dist 50.00nm = O ?
 Begin with the force distance set to ~100 nm Scan Rate  0.99 Hz 3 2
» Setthe scanrateto 1 Hz @ [spiit| Velocity| 99.21 nm/s % 2
5. » Acquire a force curve by pressing Single Misc.  Cal. GoThere  Save
Force
* Re-tune the cantilever to obtain the
cantilever frequency close to the surface T o ?
Continuous ?
Save Curve Review ?
Force Panel Setup ?
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Ch. 22. Tutorial: FM Mode in Fluid Sec. 22.6. FM curves

400 —
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|
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! | | |
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\"

Optimize parameters for FM curves

* FM curves should ressemble the curves above
« Dissipation, Frequency, Phase and Amplitude plottedresg&rive
* Click on Continuous and gradually decrease the forcemligtéo 5 nm
e Adjust the FM gains in the FM Panel
— Un-check the Auto Calculate Gains and adjust the valuesexigénsion/retraction curves
overlap and no rigning is observed

FM curves: absolute frequency trigger  versus relative frequency trigger

* Whenabsolute triggeiis used, the frequency at the beginning of the curve is nefrtakio
account. The trigger will be reached when the frequencyevatiuals the trigger value added
to the drive frequency (from the tune).

— For example, if the drive frequency is 75 kHz and the absdhigger value is set to 1

kHz, the trigger will be reached at 76 kHz.
7. -OR-

Whenrelative triggeris used, it is the frequency at the beginning of the curve tkvthe
value of trigger is added. Therefore, if the drive frequedifers from the frequency at the
beginning of the curve, it's the frequency at the beginnifhide curve that will be used.
— For example, if the drive frequency is 75 kHz and the relatiigger is 1 kHz but the
frequency at the beginning of the curve is 75.2 kHz, the @&igaill be reached at 76.2
kHz
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Sec. 22.7. FM imaging

22.7. FM imaging

1. Itis recommended to go through sections AC mode imaging &mdofce prior to FM imaging. Doing so
will allow the user to calibrate the cantilever, approacghsample and determine the FM gains for optimal

imaging.

In Master Panel - Image tab

* Choose Imaging Mode: FM mode
 Set Integral Gain to 0.01 (when using
2. )
blueDrive)
 Set the Setpoint to 10-15 kHz (or whatever
value was used during FM curves)

SYLUM
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1] Master Panel (Ctrl+5) =

[ Image ‘ Force ] fmap |

Scan Size Pixel Size

20.00 nm : 157.5 pm

Points & Lines Scan Time

128 & 00:00:13

Scan Rate

9.77 Hz

Imaging Mode INCIERNES

Setpoint Integral Gain
15.00 kHz 5 @ 0.01

Drive Amplitude

586.52 yW

Drive Frequency

443498 kHz =

Save Options
Base Name Suffix
Image 0262 =
Note
Save Partial | Save All EI

Continuous ModeE]

Frame Frame

Image Format locked at Single Images
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Ch. 22. Tutorial: FM Mode in Fluid Sec. 22.7. FM imaging

= FMPanel SIE T
V| Frequency Feedback On V| Drive Feedback On 2
V| Auto Calculate Gains (Recommended) 2
sin (133938 Drtve P Gair 3;«' >
» Set the Drive Set Point to required 221:,'::”’: 7:.2? - ‘:,v;imw: ;3°v :
amp"tude Drive Set Point | 30.00 mV 2
— start with 3 Angstroms: 3A = 0.3nm; RIS | el s i 16
— Ex: 0.3nm/10.25nm/V InvOLS = i ==
0.0292V = 29.3mV S —— -
* Activate Feedback Loops by checking the T .
boxes besides e ’ S'um_'6.17 fe——l —
Deflection|0.05 | | Engage
— FM feedback ON Amp(mV)208 N [ zom
— Drive Feedback ON Phase|90.09 | GetStarted™
3 * When the frequency and drive feedbacks are Freq Off;§47108 |
' ON, thefollowing values will appear in the Diss. mW|[0.36 [
SUM and Deflection meter Z Voltage[0.00 | N
— Amp (mV) = Drive SetPoint Value Input Overload| ®  (sewe| @
— Phase =90
— Freq Off = frequency offset compared ;m
to the value of drive frequency from Fme l
tune, here 647 Hz ;m“ P s
— Diss mW = power (in mW) needed to : E b AT
keep the Drive Set Point Value at 30 s
mV or lower w MWWWMW,V
m}quwmmmmwo{w\
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Sec. 22.7. FM imaging

FM Mode in Fluid

Ch. 22. Tutorial:

Start imaging

e Click Frame Down

» Height, Phase, Amplitude, Frequency and Dissipation oBkshould appear

 Adjust the following variables to optimize images

Page 250
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— Drive Setpoint value

— Setpoint
— FM gains
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Ch. 23. Glovebox Protocols

23. Glovebox Protocols

CHAPTERREV. 1951,DATED 08/14/2017, 17:25. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

23.1 PreparationS . . . . . . . e e e e e e e e e e e e e e 251
23.1.1 Prerequisites . . . . . . .. e e e 251
23.1.2 Preparingthecellandgaslines . . . . . . . . . . . . .. 252
23.1.3 Sealthecell . . . . . . . . . e 253
23.1.4 Mountthe sealedcellontothe AFM . . . . . . . . . . . . 256

Cypher AFMs offer superb imaging performance inside oftiges glovebox systems. While this solution offers
the ultimate protection of the sample and cantilever frorbiamt conditions, it is not always practical to sequester
an AFM inside of a glovebox for long periods of time. A deceltémative strategy is to assemble the cell inside
of a glovebox and then to carry this assembly to the AFM whiclocated elsewhere. This chapter suggests a
protocol for cell assembly inside of a glovebox.

While it is possible to leave the cell sealed during imagimg suspect that oxygen and water vapor will find their
way into the cell over the course of minutes and hours, dgitire conditions inside of the cell away from the
~1ppm levels inside of the glovebox where the cell was firsealed. Therefore this protocol will suggest the
attachment of an inert gas purge line as soon as the cell ist@don the AFM.

Imaging electrically insulating samples under conditiofgery low water vapor can lead
to unwanted forces on the cantilever due to static electdcge. With the whole AFM

Note inside the glovebox, one can often mitigate these effedts dévices (such as a static
master) which locally ionize the air around the sample.deshe sealed cell of the
Cypher ES it may prove challenging to introduce static caritevices.

23.1. Preparations

This section prepares you for imaging under inert gas purgditions. This process will leave the AFM ready to
accept the sealed cell as it comes out of the glovebox.

23.1.1. Prerequisites

A Cypher ES outfitted with a rotameter device for regulatimgrt gas flow.
« Familiarity with basic imaging with the Cypher ES, desedtnChapter 17 on page 178
Cypher ES with standard gas cantilever holder (901.758S@etion 18.1.1 on page 188

The sample stage can be ambient or heated or cooled. Fouthigl we chose the ambient sample mount
(seeSection 19.2.2 on page 207
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

1. Start with a Cypher ES, fully prepared for imaging with gagfpgion. SeeSection 20.3 on page 22a@r a
tutorial on that subject.

2. Load a test sample and cantilever identical to what you ptaloading inside the glovebox.

3. Start imaging under the conditions (speed, scan size, yto.pventually plan to use on the sample which
was mounted and sealed inside the glovebox.

4. Observe image quality while you experiment with the inerd §aw and note the maximum flow before
imaging noise becomes noticeable.

Turn off the gas flow.
Stop imaging and disengage the tip.

Remove the cantilever holder.

© N o O

Remove the entire sample cell from the AFM. For a tutorialtoa subject seeSection 19.4 on page 215

23.1.2. Preparing the cell and gas lines

We will completely bypass the gas valve and pressure mahfiéolthis demonstration.

1. Start by removing and storing the gas lines that were alrpegsent on your Cypher AFM. S&ection 20.2
on page 224

2. Store the tubing sections in a safe place.

Locate tubing and fittings:

» Consult the Cypher ES accessory parts Badtion 16.1 on page 1$3and find the following:
e 231.006 1/16” O.D. Tubing.

e 231.008 Luer Fittings: 231.008.

» 5cc Syringe: 080.010.

3 » Threaded fittings: 232.015.

 Scalpel knife with blade, 290.147 and 290.148

* Ferrules: 232.016.

» Extender Tool Fitting Wrench: 114.800.

* Fitting Compression Fixture: 114.721

Note A note over here on the left, using the list description type.

Locate a three way valve:

4. » The luer-type valve at right is provided by
Asylum.

5. Cut two sections of tubing long enough to reach from the seanaell to the outside of the ES enclosure,
perhaps half a meter.
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

6. At one end of each of these pieces of tubing, secure a thrditieg and a ferrule. Se8ection 20.4 on
page 227or instructions.

7. Atthe other end of each piece of tubing, attach a female Itterdj as shown in the following steps:

=
Locate parts:
8. » 231.008 Luer Tight Fittings, which includes
all the parts shown on the right.
Purple Ferrule
Attach purple ferrule:
« Slide the female Luer Tight fitting and
9 purple ferrule, in that order, over the tubing.
Note Make sure to keep the end of the tubing
flush with the base of the ferrule, as shown in the
diagram.
Female LuerTight Fitting
Seat the fitting:
* Attach the red Luer Tight seating tool (has a piece of redtgl&mbedded into it) to the
10. female Luer Tight fitting by screwing it firmly onto the femadlaer Tight body. This will seat
the ferrule into the luer fitting.
» Remove the seating tool and store for later use.
11. Attach the two tubes to the two side ports of the cell. St 3 on page 218nd the following few steps.
Attach valve:
12. e Attach a valve to one of the two tubing
ends, as shown to the right.

23.1.3. Seal the cell

1. Read ahead through this section and collect all the toalens; tweezers, cantilever holders, etc. you will
need to place inside the glovebox.

YLUM
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

Inspect the cantilever holder:

« Ideally the cantilever holder has a hole in
the position shown with the cartoon hand.
This will allow for a tool to access a screw

2. in a later step.

« If there is no hole here, you can proceed
without using the screw, but should consider
contacting support@asylumresearch.com to
see if your holder can be updated.

w

. Place all these items, and the cell body with tubing and ggrizitached and the cantilever holder into the
glovebox via the vacuum load lock. Evacuating the lock wit harm the cell since it has not yet been
sealed.

Place the sample:

4. » With the sample mount in the position
shown, place the sample.

5. Load the cantilever into the cantilever holder and set thimtea

Extend the membrane:

» Pull down on the bottom of the sample stage
to fully extend the rubber membrane,
carefully, as shown.

Place the cantilever holder:

* Remove the two screws indicated and set
them aside. You will need to take them out
of the glovebox along with the cell later.

 Place the cantilever holder in the position
shown. It should NOT be rotated clockwise
as it usually is during use while imaging
because this will interfere with the
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

Attach the bar:

 Using two longer screws (1-72 x ?”), attach
the metal bar as shown.

NOTE: Tighten the screws very gently and keep
the bar from tilting. Tightly securing only one
screw might cause the bar to tilt and tightening the
other screw will cause the bar to press down too
hard on the cantilever holder, possibly causing
irreversible damage.

Seal the tubes:

* Set the plunger of a 5CC syringe around the
2CC position.

« Attach the syringe to one of the tubes.

» Make sure the valve on the other tube is in
the closed position.

Close the valve:

» Make sure the valve is in the OFF position,
if it was not already.
» The cell is now fully sealed on all sides.

10.

Take the assembled cell out of the glovebox:

 Place the cell and everything attached into
the load lock and close it.

» DO NOT EVACUATE. There is no need for
evacuation when taking things back into the
ambient atmosphere.

11. » Open the door on the ambient side and take

the cell to the AFM.

NOTE: some customers like to first place their cell
and tubing inside of a jar, like the dessicator
shown on the right. This gives you even more time 0

and peace of mind when transporting the cell back d
to the AFM. u
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

23.1.4. Mount the sealed cell onto the AFM

The faster you work through the following steps, the smahlerchance of impurities
diffusing into the sealed cell. The membrane is made of Keadred is quite impervious to
water and oxygen. Nevertheless, it is best to get pure drjl@agg through the cell as
quickly as possible.

Chop Chop

Place the cell onto the scanner:

» Seat the foot of the cell onto the receptacle
located on top of the scanner.

1. L .

» The trapped air inside the cell will prevent
sample will prevent the tip from colliding
with the sample.

Lock the foot:
>  Lock the foot of the using the tool as shown.
' Do not over tighten. This is discussed in
more detail inStep 8 on page 220
3.

Press down and seat the cell body:

» Press down on the sample stage as shown on the left. Youesillhe membrane bulge a bit
under the building pressure. This pressure will assist tbpgr forming of the membrane.

 During this process, retract on the syringe to relieve tlesgure as the cell lowers.

» About 3CC of gas should be removed to properly seat the oely.bA little overpressure is
better than a slight vacuum in terms of keeping contaminauitsf the cell.
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Ch. 23. Glovebox Protocols Sec. 23.1. Preparations

Secure sample chamber to scanner with two
screws:

» Secure the sample chamber with screw
number 1. Do not over-tighten.

« If your cantilever holder has a hole in the
position marked (2), secure that screw also.
Some older equipment does not grant access
to (2). In that case, skip this screw.

Remove the bar:

» Unscrew the bar and remove it as shown.

» Ensure the fastening screws are in place but
not screwed all the way down, as they will

5. be used to secure the cantilever holder in the
next step.

» TAKE CARE: During these steps, the
cantilever holder could now be pulled loose,
exposing your sample.

Rotate the cantilever holder into position and
secure:

* While pressing down to maintain the O-ring
seal, rotate the holder clockwise so that the
circuit board seats with its connector and
the screws line up with their grooves on the
holder.

 Tighten screws.

Put the final screw into place securing the cell
body to the scanner:

» With the holder in place and fastened to the
sample chamber, tighten the third and final
screw that fastens the sample chamber to the
scanner.
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Attach the gas line to the valve, and turn on
the gas flow to purge the interior of the valve:

» Gas flow rate is chosen by the user
» Gas will flow to atmosphere

Remove the syringe from the tubing at one
end:

* This very briefly breaks the seal to

9. atmosphere, but there is NOT sulfficient time
to contaminate the sample chamber, and the
next step creates gas flow that continuously

purges atmosphere.

Turn the valve clockwise to divert gas flow
through the sample chamber:

* The gas will now flow into the sample
chamber and out of the tube where the
syringe was just removed.

» CAUTION: if there are organic or toxic
fumes contained in the sample chamber, the
vent line should be routed to a fume hood.

10.
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24. High Voltage

CHAPTERREV. 2039,DATED 08/30/2018, 11:02. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Figure 24.1.: High Voltage Scanner seen from above.

SYLUM
an mfﬁiﬁﬁﬁ.ﬁ&m D R A FT Page 259



Ch. 24. High Voltage

s

Figure 24.2.: High Voltage Scanner with High Voltage cantilever holder and its fly wire connected to the high voltage
contact.
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HV-PFM Electrical Diagram Tigient ) g T
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CHAPTERREV. 2095,DATED 08/12/2019, 21:54. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
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25.9.2.2  Electrochemical Topography not Imaged with Probe . . . . . . .. . ... .. 288

25.1. Requirements and Prerequisites

Electrochemical AFM is considered an advanced techniquee €bould have mastered these basic techniques
before attempting to use the EC AFM accessory:

 Familiarity with the Cypher ES system and AFM imaging of &ibasample in air, covered i@hapter 16
on page 16&andChapter 17 on page 178

» Mastery of basic imaging in fluids, covered@napter 21 on page 228
Itis also assumed that the user:

e Has a Cypher ES AFM
» Has blueDrive photothermal excitation equipped in ordéntage in tapping mode

25.2. Overview

Probe Holder

[Sample Chamber

L -

Liquid Cup
Assembly

Sample Stage

Figure 25.1.: The four major components of the Cypher ES electrochemistry cell

The Electrochemistry (EC) Cell for the Asylum Research GybS Atomic Force Microscope (AFM) has been
designed to perform EC-AFM with the Cypher ES. It enabledytf, for example, deposition, oxidation, cor-
rosion, and mass transfer of metals and other materialsul&ineously, the nanoscale topographical changes
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Ch. 25. Electrochemistry Cell Sec. 25.2. Overview

induced by these electrochemical reactions can be precisahitored with the AFM. Please note: this manual
does not cover any hardware or applications where voltagerent are applied or measured through the probe

tip.

Electrochemical experiments with the Cypher ES EC Cell areacted in a standard three-electrode configu-
ration with the sample as the working electrode (WE), a genoadly concentric counter electrode (CE), and a
reference electrode (RE) that enters the cell through thlegonolder. Virtually infinite combinations of materials
may be used for these electrodes. The cell can be operateseimled configuration, and the electrolyte is con-
tained in a liquid containment cup that both seals to the $atoplefine the working electrode area and provides
support for the counter electrode in solution. All compdseamontacting the electrolyte solution are chemically
inert.

The connection between an external potentiostat and the@dies is established through an EC-specific electric-
blue-colored circuit board and related connector cabléss @ircuit board interfaces with the top of the Cypher
ES Scanner, and it is conveniently labeled with the oriéoadf the magnetic working (sample), ground, and
counter electrode contacts inside the Sample Chamber.

The probe holder for the Cypher ES EC Cell is provided eithigh vwr without perfusion capability, and is
designed so that the cantilever may be lowered to the samts in the electrolyte in the liquid containment
cup. The probe clip is made of inert PEEK or PPS and holds thleepin place by friction for use in tapping or
contact mode. For tapping mode, note that there is not a ghiake, so the cantilever must be photothermally
excited with Cypher’s blueDrive laser.

25.2.1. List of Abbreviations Used Throughout This Chapter

AFM Atomic force microscope/microscopy
CE Counter electrode

EC Electrochemistry/electrochemical

FEP Fluorinated ethylene-propylene

FKM Fluoroelastomer (equivalent to Viton®)
FFKM Perfluoroelastomer (P-Rex®, equivalent to Kalrez®)
PCB Printed circuit board

PEEK Polyetheretherketone

PFA Perfluoroalkoxy alkane

PH Probe holder

PPS Polyphenylenesulfide (Ryton®)

PTFE Polytetrafluoroethylene (Teflon®)

RE Reference electrode

WE Working electrode (sample)

25.2.2. Quick Start Guide
The following order of operations is suggested to optimiaerywork flow in setting up and using the Cypher ES
EC Cell. Additional details related to these steps may badan 25.6

1. Turn on Cypher, start software, calibrate position and Bhie motors.
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a) For best performance, allow the instrument to equiléfat a few hours.

2. Clean all parts as desired, and make solutions. The cleaylimgler (114.820) may prove to be useful for
this. Se€Table 25.1 on page 272

3. Assemble Standard Probe Holder Subassembly (901.933)uwtifirobe (se&ection 25.3.2 on page 267
for additional detail).

a) Install RE through top port (1 mm diameter) in probe haltfeatmospheric control is needed, ensure
that the RE is fully sealed into the top port as describeSldntion 25.7 on page 28 prevent inward
diffusion of external gases.

b) Install probe clip on probe holder; ensure clip strapiigredd with the bevel on the optical window so
that when the probe is mounted the cantilever will be cedterethe optical window (seféigure 25.3
on page 268or rendering).

c) If using the Perfusion Probe Holder Subassembly (90),%3%ure perfusion tubes are set up. See
Section 25.6.1 on page 28@r further details on installing these tubes.

4. Install the Enclosure Bulkhead Subassembly (901.937) andext its SMB cables to the lower right front
connections on the Cypher ES Scanner inside the encloBaype WE. Middle: RE.Bottom: CE. Related
images may be found iRigure 25.7 on page 270

5. Affix the Generic Potentiostat Cable Subassembly (448.4ales to the Bulkhead subassembly, and con-
nect your potentiostat to the free ends of these. Note: Spalty for CH Instruments potentiostats, we
offer a Potentiostat Cable Subassemflgl{le 25.1 on page 2Y®8hat plugs directly into the back of the
potentiostat from the enclosure.

6. Install the EC AppMod Printed Circuit Board (PCB) Subassknih58.293.1) circuit board on top of the
scanner, ensuring the ribbon cable from the Sample Chareb&s mto the receiving port on the PCB. See
Figure 25.9 on page 27r picture and additional description.

7. Test electrical connections from the Potentiostat Calaldddo the sample chamber magnets with a multi-
meter to ensure proper signal pathways.

8. Mount the WE (sample) in the Liquid Cup Subassembly (901).834hown irFigure 25.5 on page 269
a) Affix CE and its magnetic jumper wire to liquid cup with ledescrew (00-90 x 3/32” or shorter).

b) Locate four screws (00-90) of equal length to mount younga, and thread one of the screws 1-2
turns into base plate.

¢) Locate desired number of shims of desired material to atMIE.
d) Locate O-ring of desired material (Viton or FFKM) for sieglthe liquid cup to the WE.

e) Place the liquid cup on the base plate so that the preyiaustrted screw (b) seats into the side of
the cup. Thread a second screw of same length 1-2 turns istogate in an adjacent screw groove
in the liquid cup. This fastens the cup to the plate looselgying room for the sample to be inserted
between. (Note also that the assembly can be cleaned irtdkes)s

f) Locate another jumper wire, and if possible, solder itt® tonductive surface of the WE.

g) Place O-ring on sample/WE, and with tweezers slide thepga@-ring into the cup-plate assembly
from steps (e-f). Ensure that the O-ring aligns with the ssed edge in the bottom of the liquid cup.

h) Insert shims (generic plastic sheet of any tipe is sufiigibelow the sample substrate if desired. This
has two effects: making the sample effectively thicker, aledtrically insulating the sample from the
base plate (important for fully conductive samples).

i) Thread the remaining two screws 1-2 turns into their halebe base plate via grooves in the liquid
cup.
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j) If soldering was not used in (f), create electrical cohtacthe WE by inserting a free jumper wire
lead between the liquid cup and the WE surface (screws arfilhotightened yet).

k) Evenly tighten all screws, simultaneously compresshg®-ring to seal the WE and clamping the
jumer wire to the WE surface.

[) Ensure the sample is properly aligned and test electcimahections with a multimeter to ensure that
no electrical leads are shorted.

. Place the EC Cell Liquid Cup in the Sample Chamber Subasgg{®®1.935) and, with tweezers, contact

10.
11.

12.

13.
14.

15.
16.

magnetic jumper wires from the Liquid Cup to the inner walhtaxts of the Sample Chamber. The WE
contact is closest to the front, while the CE contact is fessttback, and the middle contact is ground.

Mount probe of choice on the probe holder. Further detail be@found inSection 25.6.4 on page 283

Optionally expose liquid cup assembly and mounted prolnéleser to UV irradiation for a few minutes
to decompose any remaining organics.

Add 200-300uL electrolyte to liquid cup and a small droplet of electrelyd the probe to prevent bubble
formation

a) Optionally, you may perform a “calibration” EC experiniésuch as cyclic voltammetry with 5 mM
ferro-/ferricyanide redox couple in 100 mM KCI) to confirneetrical continuity and electrochemical
performance. For specifically this experiment with ferfiericyanide, the blueDrive laser should
not be used because its 405 nm wavelength is strongly alibbgbthe molecules and can result in
photochemical transformations; this is only used as artreleltemical test.

Affix the probe holder with mounted probe to the sample chantlghten screws to finger tightness.
Lower probe until electrolyte wicks onto probe, clip, RE daskr window.

a) If using the perfusion probe holder, optionally perfuse®olyte into/out of the liquid cup.
Ensure objective is set to 2 for liquid imaging.

Tune cantilever, approach surface, and start imaging w@hAEM! Note that if the tip is far from the
surface, approaching may require several iterations ofirmaing the objective’s z-position followed by
lowering the tip and repeating. Sometimes, this also mékesléflection laser become misaligned with
the cantilever, and is simply fixed by re-aligning it to makimthe sum signal. (Please refer to Cypher ES
manual for additional information regarding any of thespst)

25.3. EC Cell Kit (901.800) Description and Parts List

The EC Cell is an accessory for the Cypher ES scanner, and mauithased separately and immediately
integrated with the the systerRart number 901.800 specifies this entire accessory kit, ceisting of all of the
parts listed in Section 25.3.9 on page 27Mote: the EC Cell i;mot compatible with the Cypher S scanner.

25.3.1. Items Included in the EC Cell Kit

Probe Holder, standard (901.933) or with perfusion (989)9
Liquid Cup subassembly (901.934) with base plate for miogrgample/WE
Sample Chamber subassembly (901.935)

Remaining accessories including:
— Probe clips in PEEK (116.086) and PPS (116.129)

— EC AppMod Circuit Board, light blue (458.293.1)
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— An electrical connections bulkhead assembly (901.937gfiitating use of an external potentiostat
of the user’s choice and routing electrical signals out efittstrument enclosure

— A reference electrode wire in Teflon (PFA)-coated Ag, witl dption to use any other type of metal
wire as the RE

— A concentric counter electrode in Cu, with the option to useptypes of metal or a simple loop of
wire as the CE (116.070)

— Tubing, O-rings, connectors, PTFE tape, and various fiting
— Essential tools such as screwdriver, tweezers, scalpel

Note that all of these items are thoroughly specifie@éttion 25.3.9 on page 271

A . Probe Holder RE B
L} [ HL&L__ -/ —
i ;E% - Liquid
. Cup
Sample . assembly
Chamber
Sample
(WE)

Figure 25.2.: The EC Cell. (A) Exploded cutaway schematic rendering of the major EC Cell components. (B)
Photograph of the EC Cell in place inside the Cypher ES scanner. Securing the probe holder completes assembly
and completes the 3-electrode circuit in the electrolyte (see Section 25.6 on page 282 for full assembly instructions).

25.3.2. Standard Probe Holder Sub-assembly (901.933)

The probe holder comes in two flavors: regular and perfusibie.“moving parts” of this component that the user
will modify/exchange/replace are:

* Probe

 Probe clip

* RE wire
Any brand or type of probe may be used; however, keep in miatirth current or bias can be applied to the
tip in the Cypher ES EC Cell. The probe clip uses spring fomte friction to hold the probe in place (see

Figure 25.3 on page 2681t has been designed to be easy to manipulate and easyaio without sacrificing
imaging performance in contact or tapping mode (pleas&seton 25.8 on page 286r cleaning instructions).

25.3.3. Perfusion Probe Holder Subassembly (901.939)

This probe holder is identical to the standard probe hokiere for the features that provide perfusion capability.
Namely, the optical window that supports the probe has tésebholes (~0.029” diameter) bored in it, and FEP
tubes (~0.031” diameter) have been inserted in these. Tleeclaser to the cantilever is intended as the inlet in
order to maximize solvent flow at the tip-surface locus. Séesed-igure 25.4 on page 268r further detail.
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Figure 25.3.: Standard Probe Holder. (A) Schematic upside-down view of the probe holder. (B) Upside-down view
photo of the assembled probe holder showing probe, probe clip, and reference electrode in recommended orientation.

Perfusion Holes

Figure 25.4.: Bottom view rendering of the fully assembled Perfusion Probe Holder (901.939)

25.3.4. Liquid Cup Subassembly (901.934)

The liquid cup assembly may be seerfFigure 25.5 on page 26% is used to simultaneously:

 Contain the electrolyte for EC

e Supportthe CE

» Support the WE (sample) for imaging

» Seal the WE (sample), providing a consistent surface azéaatl by the O-ring

A working volume of electrolyte inside the cup of 225 L filletliquid cup full to the brim with the tip engaged.
Any volume in the range 150-300 uL will work well, and largeriwmes in that range aid the user in visually
confirming that the liquid wicks onto the probe and probe bold he standard CE is a concentric annulus made
from Cu or Pt with a bent protrusion for electrical contadggse keep in mind that a loop of any metal wire
will also work. The liquid cup accommodates samples (WEa&) #ne 0.9—1.5 cm in circular diameter or square
edge, with a range of >0-5 mm thickness. Users typically foqndhse samples to be more convenient due to the
ease of contacting the jumper wire to a corner of the sampleomductive WE sample surface should have a
non-conducting substrate or otherwise be insulated frenbése plate (e.g. with plastic shims). Contact between
the sample and the potentiostat WE lead is achieved by eithéering a free jumper wire to an exposed sample
edge/corner or clamping a free jumper wire lead lightly esw the liquid cup and the sample (as shown in
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Figure 25.5 on page 289Two gas perfusion ports in the sample chamber (seeFigare 25.9 on page 27br
the entry points of the tubes into the Sample Chamber) alovafmospheric exchange and control around the
electrolyte (gas blanket).

Counter Electrode Counter Electrode

Jumper Wire

\

Jumper Wire Notch

Liquid Cup

(PEEK/PPS) \“

Working Electrode
- Jumper Wire

Shims for Working Electrode .

Figure 25.5.: EC Cell Liquid Cup Subassembly. (A) Exploded schematic of the liquid cup. (B) Photograph of the
assembled Liquid Cup including sample shims and WE and CE jumper wires. For scale, O-ring inner diameter is 8.4
mm, and base plate diameter is 18.5 mm. Notice the blue platic shims in use, as well as the notch that is provided in
the liquid cup to aid in physically clamping a jumper wire to the sample surface.

25.3.5. Sample Chamber Subassembly (901.935)

Typically, this subassembly comes pre-installed in theh@y|cS scanner. It is worth pointing out that a few small
changes have been made to the design so that it is compatibléher design of the EC Cell as well as previously
offered functions. First, the metal contacts that feedublothe glass cylinder enclosure are now made of nickel,
which is rust-proof and yet still ferromagnetic for makingn¢act to the WE and CE jumper wires. Second, the
permanent ribbon cable replaces the former removable [3agke cable that used to exit the sample chamber.
This ribbon cable connects directly to a female adapter etight blue EC AppMod PCB (458.293.1) that routes
WE, CE, and RE (and eventually a second WE for SECM and EC-S/pel applications) through the scanner to
the external potentiostat.

Figure 25.6.: Sample Chamber Subassembly.

25.3.5.1. Sample Chamber Electrical Connections

Please refer té-igure 25.9 on page 27fbr the magnetic contact pin location assignments insigesgmple
chamber that are depicted on the blue AppMod PCB.
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25.3.6. Enclosure Bulkhead Sub-assembly (901.937)

This sub-assembly allows electrical signals to pass franptitentiostat to the scanner to the EC Cell through the
Cypher ES enclosure. As can be seefigure 25.7 on page 27the SMB ports at the bottom right front of the
Cypher ES Scanner are labeled for Working (Top), Refereklégdle), and Counter (Bottom) electrodes. These
labels correspond to the same labels in the EC Cell and thiagg>CB.

Female SMB
connectors to
Cypher ES
Scanner

Male SMB
connectors to
potentiostat

Set screw for fixing
assembly to enclosure

Figure 25.7.: (A) Enclosure bulkhead subassembly depicting SMB type connectors. (B) SMB connections and label-
ing corresponding to the electrical path to the pins inside the sample chamber.

25.3.7. Generic Potentiostat Cable Sub-assembly (448.169 )

This assembly is comprised of coaxial cables with SMB cotorsclt interfaces with the SMB barrel connectors
on the outside of the bulkhead assembly (901.937), allofgnthe user to connect an external potentiostat to the
EC Cell while the Cypher enclosure door is sealed (Egare 25.8 on page 270

Figure 25.8.: Generic 5-lead potentiostat cable showing SMB connectors (to attach to bulkhead assembly) and free
contacts for alligator clips.

25.3.8. EC AppMod Printed Circuit Board (PCB) Subassembly ( 458.293.1)

This sub-assembly is a light blue circuit board that pluge the top of the Cypher ES scanner. It has a port
for connecting the ribbon cable from the sample chamber.@8%) that routes the electrical signals out of the
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EC Cell. This part is necessary for routing electrochensaials through the provided hardware. Note that the

labels for the magnetic pins are printed on this board farezfce.

Figure 25.9.: EC AppMod PCB. (A) Circuit board as an independent part. Note the labels “COUNT,” “GND,” and
“WORK?” that correspond to CE, ground, and WE for the nickel pins on the inside of the sample chamber. The RE
contact is the knurled silver knob, allowing for the RE wire to exit the top of the probe holder and be clamped for
connection to the potentiostat. (B) View of the sample chamber ribbon cable installed into the port on the circuit

board. (C) View of the proper installation site of the circuit board, which is easily connected with fingers.

25.3.9. Full Parts List

Below is a list of all components contained in the EC Cell Ki01.800). Please always refer to the relevant
six-digit (###.###) Asylum Research part numbers durimgpsut calls or when buying replacements. Note that
only inert components come into contact with the electmlgtass, glass-filled PEEK, PPS, and FKM or FFKM.

The part numbers for the major components of the EC Cell kit ar

* 901.800 (Entire Accessory Kit)

* 901.933 (Standard Probe holder) or 901.939 (PerfusiobePmlder)

e 901.934 (Liquid Cup)
¢ 901.935 (EC Sample Chamber)

Itm Part# | Item Description Qty Picture
1 n/a | Screws and fittings in Meiho box 1
5 080165 Syrlnges_, Norm-Ject, 1 ml, 5
tuberculin
'|’II|'EII|I.’[I]:’II|‘!II|‘HIi.'IIl‘|'II!,'III'[II'i[I‘.’I|1'II]E.'H|'HI“.11I'I[I'_’IIT’!]]I'iII!'ﬂll [
The scale in the photos is in cm and mm.
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Itm Part# | Item Description Qty Picture

PFA-coated silver wire for

3 010.106| reference electrode; OD 0.010" 12”
uncoated, 0.013" coated
PFA-coated silver wire for

4 010.107| reference electrode; OD 0.025" 12”
uncoated, 0.030" coated
Probe holder cleaning cup. Used tp

5 114.820 rm;e and cleap the probe holders 1
while not causing damage to the
circuit board.
Base Plate, EC Liquid Cup

6 116.046 (included in liquid cup assembly) !

The scale in the photos is in cm and mm.
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Ch. 25. Electrochemistry Cell

Sec. 25.3. EC Cell Kit (901.80 0) Description and Parts List

Itm Part# | Item Description Qty Picture
7 116.070| Counter electrode, Copper ring 3
8 116.071 Cup EC Liquid, PEEK; included in 1
liquid cup assembly
Probe clip, PEEK (cantilever
9 116.086| clamp); 7 mm OD; included in 1
Probe Holder assembly
10 116.119| Cup, EC Liquid, PPS 1
The scale in the photos is in cm and mm.
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Sec. 25.3. EC Cell Kit (901.80

0) Description and Parts List

Itm Part# | Item Description Qty Picture
11 116.129 Probe clip, PPS (cantilever clamp); 1
7 mm OD
12 116.173| Counter electrode, Platinum ring 1
13 116.281 Gpld Plated mica disc; 0.5 1
diameter
O-ring; 0.930" ID, 0.040" CS;
14 230.059| Viton (FKM); for Probe Holder seal 1
to Sample Chamber
The scale in the photos is in cm and mm.
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Sec. 25.3. EC Cell Kit (901.80 0) Description and Parts List

Itm Part# | Item Description Qty Picture
O-ring; 0.332" 1D, 0.031" CS; O
15 230.060| P-Rex (FFKM) durometer 75; For | 2 O
Liquid Cup seal to Sample/WE
O-ring; 0.332" 1D, 0.031" CS; O O
16 230.061| Viton (FKM) durometer 70; For 5 O
Liquid Cup seal to Sample/WE O O
17 231.028.1| Tubing, FEP, natural, 0.016" ID, cut 20’
18 232.019| Female luer to 10-32 Male 1 J
Minm@’nﬁamgn
Fon 1R R Tuhips 4= 119
X e
B -
'.r ';\:1.«=T.pk|;|tl=_cn_.:;ll-:lea' E:
19 232.020| Adapter, 1/16"to 1/32" 1 e, Ng
ol Ll
The scale in the photos is in cm and mm.
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Ch. 25. Electrochemistry Cell

Sec. 25.3. EC Cell Kit (901.80 0) Description and Parts List

Itm Part# | Item Description Qty Picture
20 279.160| Tape, TaegaSeal PTFE 3/8"wide | 1
3C Tweezer, Extra Fine Sharp,
21 290.103 Standard Grade. !
Leitsilber Conductive Paint. Used
for mounting samples. Can be
22 290.109 purchased from Asylum Research !
or directly from Ted Pella (16035).
23 290.110 WIHA Screwdriver, Flat Tip 260 1 L
15 X 40 111 ;III' Z|II' 'i|i' i||l' 'II|I' 'III|i iIII|i 'iIII|' iIIIIi |I|Ii1 I
g wmZ 3 4 5 & ¥ 8 9 10U 2
Scalpel Handle. Used to attach
liquid perfusion tubing to the "H“—
24 290.147| cantilever holder. Also useful when 1 — i
trimming thicker tubing for gas T 11 1 G
exchange.
No. 15 scalpel blade. Used to g
25 290.148| attach liquid perfusion tubing to the 10
cantilever holder.
(G OREnnn
Potentiostat Cable; CH Instruments
26 448.169 specific Cypher EC Cell.
The scale in the photos is in cm and mm.
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Ch. 25. Electrochemistry Cell

Sec. 25.3. EC Cell Kit (901.80 0) Description and Parts List

Itm Part# | Item Description Qty Picture
4 Jumper wire and magnet > 8
21 448.171 assembly for EC Cell contacts 18
o8 448.172 Cyphe_r EC Cell generic 1
potentiostat cable
29 458293 1 Cypher EC AppMod PCB 1
Assembly
30 901.934| Liquid Cup Assembly, PEEK 1
g
31 901.933 Electrochemistry Probe holder 1 %
assembly, Standard E
E
=
g
The scale in the photos is in cm and mm.
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Ch. 25. Electrochemistry Cell Sec. 25.4. Chemical Compatib
Itm Part# | Item Description Qty Picture
Cypher ES Electrochemistry
32 901.935| Chamber Assembly; includes threg 1
2-56 x 1/8" SHCS S/S
33 901.937 Cypher enclosure bulkhead 1
assembly
34 901.939 Electrochemistry _Probe holder 1
assembly, Perfusion
0 1cm2 3 4 5 6
The scale in the photos is in cm and mm.

25.4. Chemical Compatibility

Descriptions of the materials comprising the three majonponents of the Cypher ES EC Cell are provided

below. Please refer above to the Full Parts List for add#ialetail for these EC Cell parts.

The Cypher ES EC Cell probe holder (901.933 or 901.939) comeslirect contact with the electrolyte during

normal operation and is comprised of:

< Monolithic fused silica (quartz) downtube probe suppod aptical window
 Glass-filled PEEK and PPS probe clips (both provided)
» Reference electrode of user’s choosing (Ag wire provigeelled as appropriate

» For perfusion probe holder only: PTFE tubes that enter through the probe holder for liquiduse
sion/exchange in the liquid cup
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Ch. 25. Electrochemistry Cell Sec. 25.4. Chemical Compatib ility

The Cypher ES EC Cell liquid cup (901.934) comes into directact with the electrolyte and is comprised of:

 Glass-filled PEEK and PPS (both provided)

e O-ring seal in FFKM or FKM (both provided)

» Copper or Platinum concentric CE (both provided), or a isineet of metal user’s choosing

» Sample (WE) of customer’s choosing
The Cypher ES EC Cell sample chamber (901.935) does not aumdirect contact with the electrolyte during
normal operation, and is comprised of:

 Fused silica inner wall (makes contact with chamber atrhesg).

« Rust-proof magnetic nickel contacts for WE, CE, and groaadnections (make contact with chamber
atmosphere). Optional: Ground contact can be permaneulstisuted for a humidity sensor (must be
submitted as a Special Request prior to ordering).

* PTFE tubes for gas perfusion/exchange in the Sample Chambe

* FFKM bellows for emergency liquid containment and mechalhy-adaptive atmosphere isolation.

* Stainless steel chassis

Below is a table of the compatibility levels between the mateused in the EC cell and some common chemicals.

Depending on your sample, electrode, electrolyte, and ddifianal materials used for sample mounting, this list

may not be comprehensive. Please use additional resoorioesktup the chemical compatibility of more special-

ized materials (e.g. https://www.coleparmer.ca/ChehliResistance or https://www.burkert.com/en/contenttdoad/9318/334992/fi
If you have any doubt about chemical compatibility, we reamend that you soak a piece of material in your elec-

trolyte solution and notice any change in the material asfgeg. use the AFM to image the surface, or measure

the dimensions before and after to measure dissolution elting). As a key example, PEEK will swell when in

prolonged contact with concentrated sulfuric acid. Pleasgact Asylum Research with any additional inquiries

about chemical compatibility

25.4.1. Chemical Compatibility Table

Compatibility Legend details:

» 1. Excellent prolonged high performance; negligible corrosion/discation/swelling

» 2. Good: minor effect; very slight corrosion/discoloration/svirdj; elevated temperatures increase effect
« 3. Fair: moderate effect; discouraged for continuous use; saftgthdss of strength, swelling may occur
4. Poor: severe effect; not recommended for ANY use

 Blank. Information not available : not found or not tested

-)‘N o g
Blelz|s L1555
Chemical ol || w o | |0 | a
Acetaldehyde 1114 4 111
Acetate solvents 111141 1/2 1 1
Acetic Acid 20% 1111212 1 2 11
Acetic Acid 80% 111133 11112 |1
Acetic Acid, Glacial 1143 11112 |1
Acetic Anhydride 114123 1 2
Acetone 11141 1 1
Alcohols, Amyl 1(1(1 |1 11111
1: Excellent 2:Good 3:Fair 4:Poor blank:Unknown

SYLUM
ESEARCH BETA Page 279

an Oxford Instruments company



Ch. 25. Electrochemistry Cell Sec. 25.4. Chemical Compatib ility

Quartz*
Platinum

Chemical
Alcohols, Benzyl
Alcohols, Butyl
Alcohols, Ethyl
Alcohols, Hexyl
Alcohols, Isobutyl
Alcohols, Isopropyl
Alcohols, Methyl
Alcohols, Octyl
Alcohols, Propyl
Amines
Ammonia
Aromatic hydrocarbons
Aqua Regia (80% HCI / 20% HNO3)
Benzaldehyde
Benzene
Benzene Sulfonic Acid
Bromine
Butyl Amine
Carbolic Acid (Phenol)
Carbon Disulfide (aka Bisulfide)
Carbon Tetrachloride (dry)
Chlorine (dry)
Chlorine, Anhydrous Liquid
Chlorine Water
Chlorobenzene
Chlorosulfonic Acid
Chromic Acid 10%
Chromic Acid 30%
Chromic Acid 50%
Chlorox (Chlorine Bleach, Sodium hypochlorite)2
Diethyl Ether 1
Diethylamine 1
Dimethyl Sulfoxide (DMSO) 3
Ethanolamine
Ethylene Diamine
Ethylene Oxide
Ferric salts
Fluorine
Fluosilicic Acid
Formaldehyde <40%
Formic Acid 3
Furfural
Glycerol (Glycerin) 1
Gold Monocyanide
Hexane 1111

1: Excellent 2:Good 3:Fair 4:Poor blank:Unknown

|| | PEEK
|| | FFKM
== N Copper

||| PPS

=
=Y
=Y

[
[
[

R R R R k| R | PTFE

[
[

R INDN

(MeNH2: 4)

N

N

N

N R I N L N N T P N I T N N T N N ST

AARRRNDDRPIRPRP R RPRAR R AN R DD RN W R P W R PR FKM

=
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Ch. 25. Electrochemistry Cell Sec. 25.5. Fluid Volume Guide  lines

Quartz*
Platinum

Chemical
Hydraulic Oil (Petro)
Hydrobromic Acid, 20-100%
Hydrochloric Acid, 20-100%
Hydrofluoric Acid, 20%
Hydrofluoric Acid, 50%
Hydrofluoric Acid, 75%
Hydrofluoric Acid, 100%
Hydrogen Peroxide, <30%
lodine
lodoform
Lye: KOH Potassium Hydroxide
Lye: NaOH Sodium Hydroxide
Magnesium Chloride
Magnesium Hydroxide
Morpholine
Nitrating Acid (<15% HNO3)
Nitrating Acid (>15% H2S04)
Nitric Acid, 5-10%
Nitric Acid, 20%
Nitric Acid, 50%
Nitric Acid (Concentrated)
Oxalic Acid
Petrolatum
Phenol (Carbolic Acid)
Phosphoric Acid
Potassium Hydroxide (Caustic Potash)
Sodium Hydroxide, 20-80%
Sulfides
Sulfuric Acid, <10%
Sulfuric Acid, 10-75%
Sulfuric Acid, 75-100%
Sulfuric Acid (cold concentrated)
Sulfuric Acid (hot concentrated)
Water, Deionized

1: Excellent 2:Good 3:Fair 4:Poor blank:Unknown

NN SN AN AN
R R R Rklw

Wl k| A& B AR M| PEEK
Ao B[N R, B~ PPS
N[ RN NN R Rk~ FKM
R|lR R PP R PR~ FFKM

N

N

NIERINNINBRRNDNNN A AP Copper

FINININ

Y I

R R R e
R R k|-

RPWWWNPARWWR|RP|RP|RP|E

NG GRREEE

RlR R R R R R RrP-

AR R R R R R W R~
Rl R RRIR R RRIRRPRPR R R R R PR R R R R R Rl R P PP R R P P~ PTFE

A ESESNEN I R NN
R R RN R RN R Dk w

N DRWRINDN D>

RN R R R R RN NN

N| R R R k|-

[
[

25.5. Fluid Volume Guidelines

Do not fill the entire sample chamber with liquid. This willuse electrical shorting between contacts, or worse
(e.g. electrochemical corrosion of the instrument). Tiog@itl cup can be operated successfully with liquid
volumes in the range 150-3QA.. Based on experience and excluded volume calculations|uane of 225uL

will completely fill the liquid cup with a tip engaged; howeyeapillary forces will also cause some liquid to
wick up onto the probe holder glass and electrodes, so soenengsy find 30Q.L more intuitive to work with.

SYLUM
ESEARCH BETA Page 261

an Oxford Instruments company



Ch. 25. Electrochemistry Cell Sec. 25.6. EC Cell Assembly

25.6. EC Cell Assembly

This section provides additional detail for the followiragks:

« Installation of perfusion lines (for perfusion probe heldnly)
Installation of the EC AppMod PCB

< Connecting SMB cables for routing electrical signals friti& sample chamber out of the Cypher enclosure
to an external potentiostat

< Connecting a potentiostat
* The process of mounting electrodes, AFM probe, and saripke) (

IMPORTANT: In order for the EC Cell to function properly, a@f the electrical connections must be robust and
correct, and the electrodes must contact the electroljyt¢ico.

25.6.1. Installing and Using Liquid Perfusion Lines (For Pe rfusion Probe Holder Only)

The process of installing and using the perfusion lines liy atnalogous to the same procedure for the non-EC
droplet imaging perfusion probe holder found$ection 21.1 on page 2280ne subtle difference is that the
distance between the perfusion line ports and probe areualhrsmaller for the EC probe holder, as can be seen
in Figure 25.10 on page 28But this does not affect the procedure.

Figure 25.10.: Cypher ES EC Perfusion Probe holder. (Left) Full probe holder. (Right) Zoomed in view of the optical
window showing clip, probe, and perfusion ports. Note the position of perfusion tube ports relative to the probe chip
and RE port. For scale, the optical window is 5 mm in diameter.

25.6.2. Installing the EC AppMod PCB

The EC AppMod PCB, shown iRigure 25.9 on page 27inust be plugged into the top of the scanner in order
to use the EC Cell in its designed configuration. In order tdtds, first plug the the ribbon cable extending
from the sample chamber into the socket on the PCB, and thibntwo fingers, press the circuit board into its
corresponding sockets in the top of the scanner. Pleasetodfee same figure for visual cues. Note that the PCB
may be left installed on the scanner without interferingwiiormal operation (e.g. if standard imaging techniques
are desired without electrochemical control). It is alsegiole to use the EC Cell concurrently with the Heater or
HeaterCooler stages that both plug into a different sockéhe top of the scanner.
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Ch. 25. Electrochemistry Cell Sec. 25.6. EC Cell Assembly

25.6.3. Connecting SMB and Potentiostat Cables

On the bottom right of the ES Scanner, there are three male SbMBections for use with the EC Cell that
correspond to the working, reference, and counter eleesio@ihese receive female SMB connectors, as can be
seen inFigure 25.7 on page 27¢€hat connect to the bulkhead feedthrough (the astute uierote that there are
four SMB leads in this figure, which belies the future intemehable tip bias for techniques such as SECM and
EC-STM). Then, the the potentiostat caliiégure 25.8 on page 2J@ connected to the male SMB leads on the
outside of the bulkead feedthrough, with free ends now alilg!for further electrical connections. The free ends
may be clipped with alligator clips from the potentiostatpleting the connection between the potentiostat and
the electrical contacts in the sample chamber. It is now @b to ensure that these signal lines are properly
routed from the scanner through the Cypher enclosure todtempostat.

One qualitative check for this is to color coordinate thelkeand ensure that the same colors propagate from the
potentiostat to the scanner, but we note that potentiogaysa bit between brands as to how the electrical leads
are labeled for working, reference, and counter electroffe® CH Instruments, the WE is green, RE is white,
and CE is red, so we have chosen these as our standards.)

A multimeter set to resistance measurements should nowdzktagest electrical continuity of the system. If the
leads are routed appropriately, the user should obtaisteesies <10 ohm between the potentiostat alligator clips
and the corresponding lead (WE and CE are magnetic pinsittsgdsample chamber, while the RE is the knurled
knob affixed atop the EC AppMod PCB).

25.6.4. Mounting Electrodes and AFM Probe

Recall that the WE and CE are connected to the liquid cup ase piate, while the RE enters through the probe
holder independently of the WE and CE. Through many triald, @ described iBection 25.2.2 on page 264
has become clear that it is easiest to first install the RE emptbbe holder, followed by mounting the CE to the
liquid cup, followed by mounting the WE/sample to the liqeidb, followed by mounting the probe to the probe
holder. This order of operations may be modified, but serves t

< Minimize opportunities for inadvertent contaminationtb® sample via accidental contact with gloves,
tweezers, etc., and

¢ Minimize the amount of time required to mount the sampleicwimay be of concern for certain time-
sensitive experiments.

* Minimize risk of damaging or contaminating the probe

25.6.4.1. Mounting Reference Electrode (RE)

The RE enters through the top of the probe holder through a Himmeter hole that accommodates a wide variety
of reference electrode options. A wire of any diameter lbss1tl mm may be inserted through the hole and
optionally sealed in place with teflon tape or epoxy (depegdin the permanence of a given experimental setup),
as seenifrigure 25.11 on page 28Additionally, a 1 mm OD, leak-free, PEEK-based, fritted/ AgCl (saturated
KCI) reference electrode constructed by Innovative Imants is compatible and shown gure 25.11 on
page 2841t is stable in all experimental conditions that the EC @elnponents withstand (s&ection 25.4 on
page 278or chemical compatibility of PEEK). If the system requife#i hermetic seal, the RE should be sealed
into the RE port with epoxy or equivalent to prevent gas ergea

25.6.4.2. Mounting Counter Electrode (CE)

The CE is mounted inside the liquid cup, as showFiguire 25.5 on page 268nd can be either a ring electrode
as provided (se@able 25.1 on page 248 Table 25.1 on page 2Y4r simply a piece of wire of any type bent into
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Ch. 25. Electroch&uaist@bCelBealing the EC Cell Sample Chamber for Environmen  tal Control

Figure 25.11.: (A) Probe holder with mounted probe showing an Ag RE wire sealed in place with teflon tape. (B)
Top down view of 1 mm OD leak-Free PEEK fritted Ag/AgCl (sat. KCI) RE manufactured by Innovative Instruments
inserted through RE port. (C) Zoomed side view of 1 mm OD leak-Free PEEK fritted Ag/AgCl (sat. KCI) RE manu-
factured by Innovative Instruments inserted through RE port.

an appropriate ring. The CE is fastened to the liquid cup wilditeral 00-90 screw (3/32” or shorter), to which a
magnetic jumper wire is also fastened to provide electdoahection to the contact in the sample chamber. Care
should be taken to ensure that the CE is as flush with the liquidsurface as possible to avoid introduction of
mechanical noise or errant electrical contact with othengonents.

25.6.4.3. Mounting Working Electrode (WE, sample)

As described in the order of operations3ection 25.2.2 on page 264 is advised that the sample be mounted
after the RE and CE in order to minimize the risk of accidev& contamination or damage. The WE is mounted
to the liquid cup with an O-ring seal, insulating shims (op#l), and four screws. If possible, solder a jumper
wire that extends laterally from your sample prior to mongti

25.6.4.4. Mounting Probe

The probe is mounted by lightly raising the probe clip frora tiptical window using tweezers, sliding a probe
under the strap of the probe clip, and pushing the clip batkits fully-seated position. Note that this holds
the probe in place with spring friction force of the clip upthre glass tube, and there are no screws or fasteners
involved. This requires very little force to accomplish.

25.6.5. Testing Electrical Connections

Similar to the description irSection 25.6.3 on page 288e full electrical connections from potentiostat to

mounted CE, WE, and RE should now be tested. The simplestavdy this is to attach sharp contacts to your
multimeter and touch the CE, WE, or RE with one contact whiteutaneously contacting the same connection
at the potentiostat alligator clip. Continuous connediprovide resistance of <10 ohm, while non-continuous
connections provide overload resistance.

25.7. Sealing the EC Cell Sample Chamber for Environmental C  ontrol

The EC Cell probe holders are designed to function the sargeag/atandard probe holders for the Cypher ES,
and they should therefore be able to maintain an internat atenosphere inside the sample chamber without
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Ch. 25. Electrochemistry Cell Sec. 25.8. Cleaning and Stora  ge

having to be inside a glovebox. This has proved to be of higtyufor some customers desiring to conserve
laboratory space.

One of the key spots that the sample chamber may allow diffusi gas is through the RE port (segure 25.10
on page 28andFigure 25.11 on page 284dr reference). This is a hole in the top glass of the EC praiiédr,
where the RE lead enters. Depending on the type of RE usedhdité will need to be sealed with something
like epoxy surrounding the RE. Note that 5 minute epoxy ifigeht, and also compliant enough that it can be
removed if the electrode needs to be replaced.

Another spot that the sample chamber may allow gas diffusidirough the gas tube and perfusion tube seals.
The gas tube fittings may be seenFigure 20.1 on page 22%nd are the connections that seal into the sam-
ple chamber. The perfusion lines are installed into theuRah Probe holder, and that process is outlined in
Section 25.6.1 on page 282these are not fully seated into the perfusion ports, gag leak.

25.7.1. Outside of a Glovebox: Maintaining Strict Inert Gas Atmosphere

Once the above considerations have been accounted forabedure outlined ihapter 23 on page 261ay be
followed in order to generate and maintain a temporary iatnosphere for imaging of sensitive samples outside
the glovebox. Additional comments are provided below It @ty mentioning that the probe holder O-ring for
the EC Cell probe holder (s@able 25.1 on page 2} fas different cross sectional dimension than other design
of the Cypher ES probe holders, making it easier to damag@+tieg if lots of force is applied. Care should be
taken during the glovebox procedure to avoid such damage.

For experiments beyond ~1 hour, continuous flow of inert gi#ldikely be needed because the sample chamber
depressurizes at < 1 mbar/min. The incoming gas can be pdad extremely low flow rate. One useful trick is
to bubble the incoming gas through the same solvent as isfaséiae electrolyte solution so that the incoming
gas stream is saturated with solvent and therefore wonitiglevaporate the electrolyte. The idea is that while
the EC chamber remains sealed, the gas input line is purgéaiofiow of your inert gas (Ar, N2, etc.) for at
least 15 min (sufficiently long to displace the volume mamyeis over, depending on flow rate) by having the
3 way valve turned to allow gas flow to atmosphere (step 1).nThéthout breaking the flow of gas, the valve
is turned 90 degrees so the gas stream is redirected to thebehgstep 2) and the pressure regulating syringe
is simultaneously removed (step 3). This outlet stream ribat flows out where the syringe was will contain
solvent vapor and should be directed to a fume hood if neetleid. process is also discusseddaction 23.1.4

on page 256

25.8. Cleaning and Storage

Components of the EC Cell are designed for chemical inestaad may therefore be cleaned with a variety of
solvents of different composition and polarity. Pleaseréd Section 25.4.1 on page 276r considerations of
the proper solvent for your needs.

WARNING : The probe holder should never be fully immersed in solytiwor sonicated, due to its electrical
contacts and external glue bonds. Instead, please usedbe polder cleaning cup as describedable 25.1 on
page 272
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25.9. Troubleshooting

25.9.1. General EC-AFM Considerations
25.9.1.1. Incorrect Electrical Connections

Poor electrical contacts between the elements of the EC fielbxternal potentiostat, and/or the controller may

cause malfunctions. If a problem arises that may stem frametactrical wiring, electrodes, and connectors,

please check all electrical connections (a multimeter setesistance mode should show <10 ohms between
connected elements). Connections may be found between:

* The controller and scanner

* The potentiostat and the bulkhead feedthrough on the Gypiwosure

« The bulkhead feedthrough and the base of the scanner

e The scanner and the EC AppMod PCB

e The EC AppMod PCB and the sample chamber cable

* The EC AppMod PCB and the RE wire

« The Sample Chamber magnetic contacts and the jumper witas tiquid cup
e The jumper wires and the sample (WE) or CE

* The electrolyte solution and the RE, WE, and CE

25.9.1.2. Chemical Reactivity of EC Cell Components

Please refer t@5.4to verify that your experimental conditions are compatiiith the EC Cell materials in use.
For examples: very caustic chemicals such as HF or con¢edtiaOH will slowly etch the quartz window of
the probe holder, and concentrated H2SO4 is not compatiithetiie PEEK liquid cup and probe clip (so the
PPS versions should be used). Generally, solutions in tingeré < pH < 13 (i.e. 0.1 M strong acid to 0.1 M
strong base) will not cause problems. Whenever possitdesdhcentrations of reactants in the electrolyte should
be kept low, and special attention should be paid for comagahs above 0.2 M. For proprietary solutions (e.g.
ionic liquids, deep eutectic solvents, etc.), for whictsitéss likely to find documentation of material reactivity,
one may place a small drop of the solution on a part of thedigquip outside of the liquid containment area and
monitor for changesiVe also sell a chemical compatibility test kit (Asylum P/N 92.813) Please call Asylum
Research if you are uncertain about the chemical comptibflthe EC Cell and your electrolyte, or would like
to purchase.

25.9.1.3. Leaks in the EC Cell: Predicting and Identifying

Check that the O-ring is level and properly sealed agaireststimple surface and that the jumper wire is not
pinched between the sample and the liquid cup. Verify thats@aimple has no cracks or divots that could let
electrolyte flow out of the liquid cup. If these precautioai fo prevent leaks, please take into consideration the
composition of your electrolyte: Low surface tension of éhectrolyte will contribute to its ability to flow out, so
eliminating surfactants (for example) from the solutiofi Welp. If such surfactants are essential, we recommend
coating the O-ring with Dow Corning High Vacuum Grease, jied this is compatible with your solvent (refer
to product information at www.dowcorning.com).
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25.9.1.4. Colloidal Electrolyte Solutions (such as Bacter  ial Suspensions)

Colloidal components present in an electrolyte may diffausé/or block either the reflected laser beam for mea-
suring cantilever deflection or the blueDrive laser for oircantilever oscillations. Colloidal particles can aghe
to the cantilever, tip, optical window, liquid cup, sampWE), or counter/reference electrodes, thus modifying
the optical path, tip-sample interactions, effective @nications, or electrochemical signals.

Even for electrolytes that are completely chemically cotifyle with the EC Cell, high concentrations of so-
lute/analyte can promote surface crystallization on thstilever, tip, optical window, liquid cup, sample (WE),
or counter/reference electrodes and cause similar pradsmbove.

25.9.1.5. blueDrive Laser Electrolyte Absorption

The output wavelength of the blueDrive laser is 405 nm. Ileetrolyte solution or solute has a strong absorption
band at this wavelength, unwanted photoinduced reactiteis &s polymerization, crosslinking, lysis, oxidation,
deposition, etc., may occur. Itis recommended that an &hsae spectrum of the electrolyte solution be obtained
prior to use in the EC Cell, as this aids in troubleshootingtpimnduced effects.

25.9.2. EC-Specific Considerations
25.9.2.1. Unexpected or Transient Peaks in Electrochemica | Signals

Trace contaminants adhered to the EC Cell components ordniite the electrolyte solution may be one pre-
dominant contributor to errant signals in electrochemeggleriments due to their chemical or surface interactions.
The cleanliness of not just the liquid cup, but all electsdebes, connectors, tweezers, etc., that contact the elec
trolyte during preparation will affect the purity of youreekrolyte and resulting experimentally detected currents

Additionally, external mechanical vibration (e.g. constion, music, slamming doors, etc) may cause anomalous
signals during electrochemical measurements due to shakithe sample (perturbs the electrochemical inter-
face) or vibration of the electrical contacts (may causermtttent breaks in electrical continuity—especially for
magnetic contacts—or intermittent unwanted contact betvike electrodes in the electrolyte).

For some experiments where material is electrochemicefpdited on the sample/WE surface, and in particular
if the deposit is conductive, an electrical pathway may benxl between the sample and the counter electrode,
causing large transient spikes in the current and/or datgréhe current signal. If cleanliness and mechanical

vibration have been ruled out, it may be worth removing thebprholder and visually inspecting the liquid cup.

All electrodes should be making electrical contact with ¢tectrolyte in the EC Cell (but not with each other).
Sometimes the electrolyte volume will decrease over tineetd@vaporation from heat or current running through
the solution, causing an electrode to lose contact with dhgtisn. One technique for mitigating this is to add a
small volume of the solvent to the Cypher ES sample chamblemizeto help saturate the atmosphere inside the
sample chamber; if gas is being flowed through the sample lobam pre-stage where the gas is bubbled through
the solvent will help saturate the gas entering the cell él the evaporation of the solution.

Check that the reference and/or counter electrodes haumeratcovered by solids, oxidized, or changed proper-
ties significantly during the electrochemical reactionthe case of these occurrences, try cleaning or refurbishing
or replacing these electrodes. Platinum is well cleaned mxggen-free hydrogen flame, or by dipping in Piranha
solution (3:1 H2S04:H202) until clean. Storing Pt in a 10%®MNsolution keeps it contaminant free. Ag/AgCl
reference electrodes can often be refurbished by repldabaternal electrolyte (saturated KCI) as well as re-
placing the AgCl wire with a fresh wire (Ag wire in chlorinedach or biased in KCI may do the trick); the frit
can often be refurbished by heating to 80 °C in dilute H202etmave organic contaminants from its porous
microstructure.
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25.9.2.2. Electrochemical Topography not Imaged with Prob e

Sometimes the electrochemical experiment will indicatd teductive deposition, oxidative stripping, or other-
wise redox-mediated conformational changes are occuarintpe electrode surface, and yet the probe does not
detect these topographical changes where it is scannimge $at not all of the effects that may contribute are:

e The reduced/oxidized species deposited on the surfacmdo®sely-bound that the lateral force of the tip
sweeps them out of the scan area

e The reaction is occurring in a location on the sample awanfthe tip. This could occur due to a weak
electrolyte (<0.1 M) creating a strong or non-uniform elecfield, or if the counter electrode is mounted
in an asymmetric position around the exposed area of thelsAM. Another possibility is that the Probe
Holder and/or probe and/or Probe Clip are shielding thausglién of the electroactive species at the site of
imaging, preventing the reaction from occurring theres thiay be evaluated by raising the probe several
microns from the surface, running the same electrocheraigariment (while also monitoring the surface
with the optical microscope), and re-engaging the tip anakjiimg to observe if the surface changed.

* The signal detected electrochemically is not correladetie¢ sample/WE. The assembly should be checked
for shorted connections and cleanliness.
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26. Scanning Tunneling Microscopy

CHAPTERREV. 1777,DATED 06/19/2014, 11:17. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

26.1 IntroducCtion . . . . . . .. L e e e e e e e e e e e e e e e 289
26.2 Required Equipment . . . . .. L L e e 289
26.3 Aboutthe CypherES STMtipholder . . . . . . . . . . . . . . . . .. . 290
26.4 UsingtheVideosystem . . . . . . . . . . L e e e e e e e e e 291
26.5 ESCellelectrical connections . . . . . . . . . Lo e e e e e e e e e 291
26.6 Preparingan STMsample . . . . . . . . L e 291
26.7 Loading and preparingan STMtiptoengage . . . . . . .« o v v v i i i i e e e e 291
26.7.1 Loadingan STMLID . . . . . . . v i e e e e e e e e e e e 291
26.7.2 Preparingthe STMtoengage . . . . . . . o v v v v i i i e e 292

26.8 Zeroing electrical offsetsinthe system . . . . . . . . . . .. 292
26.8.1 Zeroingthe STM currentamplifier . . . . . . . . . . . . . ... o e 292
26.8.2 Zeroing the Sample Biasvoltage . . . . . . . . . . . ... Lo 293

26.9 Basicscanning parameters . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e 293
26.9.1 Atomic scale scanningon HOPG . . . . . . . . . . . . . i i e e 293
26.9.2 Largerscansizeson HOPG . . . . . . . . . . . . . . . . o 294

26.10 STMProbes . . . . . . . . 294
26.11 STM holder Testing and Maintenance . . . . . . . . . . . o o v v v b e e e e e e 295
26.11.1 Testing . . . . . . . e e e e e 295
26.11.1.1 Usingthetestresistor . . . . . . . . . . . . . ... .o 295

26.11.1.2 Testing the STM preamp noiselevel . . . . . . . .. .. ... ... .... 295

26.11.2 Maintenance . . . . . . . . .. e e e e 296
26.11.2.1 Cleaningthe STMtiptube . . . . . . . . . . . . ... ... ... ..., 296

26.11.2.2 Sealingthetiptube . . . . . . . . . . . e 296

26.11.2.3 Replacing the bias lead on the electrical sample pucks . . . . . . . . ... .. 297

26.1. Introduction

This chapter discusses the use of the STM tip holder with §gh€r ES Scanner. The chapter assumes that you
are familiar with operating the Cypher ES using basic AFMhsidag techniques.

26.2. Required Equipment

e CypherES
e Cypher ES STM tip holder
« Cypher ES stage equipped with a Gas Cell body
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STM probes - A box of Platinum Iridium STM probes is includadhe accessories kit
e Appropriate STM sample - A HOPG sample is included in theeasories kit
ES electrical sample pucks - Supplied in the accessories ki

Conducting paint - Supplied in the accessories kit

\oltmeter
* Tweezers

26.3. About the Cypher ES STM tip holder

The ES version of the STM tip holder is designed around theesaancept as the ES AFM tip holders. The closed
cell of the ES is sealed by Viton O-ring surrounding the edgéne holder. The tip holder tube is sealed to the
glass window with epoxy. The tip tube is sealed at the top ettibe with RTV silicone glue.

The tip holder tube is sealed with a drop of RTV silicone gluthe top. Inserting probes
more than .2” (5mm) into the tube will push the silicone glpé&sy” out of the tube and
cause a gas leak. The seal is repairable by the user and mgydred if the user is not
concerned about a sealed sample chamber.

Warning

The ES STM holder is currently designed as an air only hoklgnough STM experiments are possible they have
not been tried on this design. The main risk of scanning inidig is a fluid leak through the top side of the tip
holder tube due to capillary forces drawing fluid into theewdmd causing a leak to the top of the holder. Liquid
scanning requires that the bottom of the tip holder tube bledeso that the inside of the tube is not contaminated
causing poor electrical contact to the STM probe. PleastacbAsylum Research if your experiment involves
STM scanning in fluids.

The tip holder tube is sealed with a drop of RTV silicone gluthe top. Inserting probes
Warning more than .2” (5mm) into the tube will push the silicone glp&sg” out of the tube and
cause a leak.

The tip tube is connected to a current to voltage convertnegmplifier built into the tip holder body assembly.
Currently, the sensitivity of the amplifier is 1nA/V meanitigit 1nA of current flow into the tip generates 1v of
output signal from the amplifier circuit. The total detedéaturrent range is 10nA where the absolute current is
10nA and the sign of the flow is determined by the polarity eflbhas voltage applied.

The electrical connection between the tip tube and the ppezrouit is made using small
gauge magnet wire. The wire is delicate and if broken, isddiffito repair. Please be
careful when using sharp tools or other objects around thefithe STM holder near the
tip wire.

Warning

Due to the inherent design of the Cypher’s video system wisiadptimized for AFM use, some of the features
are not possible to perform as an STM so they have been datctivPlease see the section on using the video
system for detailed information. The engage sequencerspity affected where the tip and sample focus cannot
be determined. The tip must be lowered to the surface by ey¢ham the engage routine is initiated.
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26.4. Using the Video system

The video system on the Cypher ES equipped with an STM hadddifferent from AFM.

» The “Set” button for saving the tip focus location has beeaddivated. The view of the tip is from the top
down so it is not possible to see the actual end of the tip.

» The “Set” button for saving the Sample Focus position halmeactivated in software. It is possible to
move the focusing objective to view the sample surface go@ngaging as long as the tip length is less
than 3mm from the bottom side of the glass window.

« The “Move to Preengage” button has been deactivated. iecEp and Sample locations cannot be stored,
it is not possible to quickly move to a close distance priagrigage.

26.5. ES Cell electrical connections

The sample bias in the STM is generated by the system ancebboatthe front magnet inside the gas cell body
by way of an interconnect cable.

See section 18.1.2 Gas cell body for detaisl1.2

26.6. Preparing an STM sample

An STM sample must be electrically conductive between thepda puck and the top surface to be scanned. The
sample may first be fixed to en ES electrical sample puck wittop df 5 minute epoxy. Silver paint is used to
create an electrical connection from the puck to the sampface. Bias voltage is made to the sample by way of
a wire lead magnetically attached to the front most magnttdrgas cell body.

See Gas cell body, Applying a sample bias for dettdisl..2.4
1. Mountyour sample to an ES electrical sample puck.
2. Use silver paint to connect the sample puck to the top sideeosample.
3. Install the sample into the ES fitted with a Gas cell body. Msike that the gas cell cable is installed.

4. Use tweezers to connect the bias lead from the sample pubk foant magnet in the gas cell body.

26.7. Loading and preparing an STM tip to engage

26.7.1. Loading an STM tip

The tip holder tube is slightly curved and is designed to Edusith STM tips made from straight wire. The
reason for this is to reduce lateral drift in the system caugestress in the tip wire if it is bent during installing.
Inserting the tip wire into the curved tube allows the tip todecured and also make good electrical connection
without the stress of bending the wire.

1. Use tweezers to grab an STM probe from the probe box. Be stite tauch the end of the probe with the
tweezers otherwise the probe tip will be damaged.

2. Insert the probe into the tip tube.

3. Gently push the probe into the tube until you feel resistance
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4. Continue to push the probe into the tube until about 2mm optobe wire is protruding from the tube.

The STM probes supplied in the acessory kit are cut to .2” (»nnis is a suffecient
length to allow the tip to extend about 2mm from the tip holdre while being short
enough to not extend out the top of the tube which will compsenthe gas tight seal of
the tip holder.

Attention

26.7.2. Preparing the STM to engage

The optics in the view module was intended for use with an ARMtitever. Due to the tip position pointing
down below the STM probe wire, it is necessary to bypass thmalbAFM alignment process and simply bring
the tip down manually close to the surface and then clicketiyage button.

1. Use the coarse adjust wheel on the front of the Cypher to tiagseell high enough to allow the STM probe
to clear the sample surface.

2. Install the STM tip holder onto the ES and secure it in pladi wie two locking screws.

3. Use the wheel on the enclosure to move the tip to the sampleth€¢ip to the desired engage distance
of about 0.5 to 1 mm above the sample. Use the tip and the iiefleat the tip in the sample surface as a
guide to bring the probe close.

26.8. Zeroing electrical offsets in the system

Due to multiple circuits in the signal path, it is necessargdjust the zero points of the system for both the STM
current amplifier and the sample bias. Each Cypher systeiffésaht and should be characterized as part of the
initial system setup. Once the offsets are known, the offaktes typically do not change over time so this is a
one time adjustment to your system.

The software will save the offsets in the experiment but aotycthem over if a new
Hint experiement is started. You might want to record the cuadtsample bias offsets once
they have been determined.

26.8.1. Zeroing the STM current amplifier

Zeroing the current amplifier signal is mainly necessarydomalize the current signal to OA for the feedback

signal during scanning. Zeroing the offset does not modiiéyelectrical offset present in the Current signal path.
1. Install the ES STM tip holder into the scanner. It is not neeegto install an STM probe.

2. If the system does not automatically detect the holder type,Mode Master to select STM operation or
select STM mode in the Main tab of the Master Controls panel.

3. Monitor the current signal in the Sum and Deflection meterghan
4. Note the value being displayed in the Current signal.

5. Enter the value only with the opposite sign into the 'Curréfitset’ menu item on the Main tab of the
Master Controls window.

6. You may also use the “zero” button next to the current offsehmitem in the DolV control panel.
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Once the offset is entered, you should see that the Curgmalshas changed to OA in the Sum and Deflection
window.

Note A typical offset current is around +/- 200pA

26.8.2. Zeroing the Sample Bias voltage
Zeroing the sample bias ensures that the voltage you argiagphatches the voltage in the sample bias menu
item. The S bias offset adjustment is added to the SamplerBéas! item so the electronics is actually adjusted.

1. Install the ES STM holder into the scanner and allow the safévto detect it. The operating mode should
change to STM mode but if doesn’t, use the mode master buttosslect STM or change the mode to
STM in the Main tab in the Master Controls window.

Once the software is set to STM mode, remove the ES STM holder.
Set the Sample Bias to OV in the Main tab of the Master Contwirisiow.
Set the S bias Offset to OV.

o M LD

Use a voltmeter to measure the sample bias located on thenfimst magnet inside the gas cell body. Use
the gold ground shell of one of the three SMB connectors oifrtmt of the ES as the ground reference for
the voltmeter.

6. Enter the voltage measured on the meter with the oppositdrsig the S. Bias Offset menu item.
7. Remeasure the bias voltage on the magnet. It should now be Ov.

8. Enter a voltage in the Sample Bias menu item and confirm tleatahrect voltage appears on the magnet.

Note A typical offset voltage is around +/- 50mv

26.9. Basic scanning parameters

26.9.1. Atomic scale scanning on HOPG

The following parameters are used as a starting values t@tgetic resolution imaging using the supplied HOPG
sample and the supplied Ptlr STM probes.

e Scan size 10nm

e Scan rate 20Hz

e Resolution 512 line x 512 pixels

e Integralgain .5to 1

e Setpoint current 1nA

e Sample bias 20-50mv

» Feedback bandwidth 2-5KHz

e Scan mode Hybrid. This parameter may be hidden in the maim sontrols tab. Click on the setup button
to expand the tab to see all the settings.
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1. Cleave the surface of the HOPG sample by using a strip of adhtegpe. Stick the tape to the the surface
and pull it off. A thin layer of graphite will peel off the swa€e and reveal a clean sample. Often times the
layers of the graphite tear and leave small flaps of matedadting up. Try another cleave and possibly
adjust the direction you peel the tape to create a smootheirf

2. Install the sample and connect the bias lead to the front etdba cell body. Don't forget the interconnect
cable from the cell to the scanner.

3. Install a probe and lower the tip to the surface.
4. Setthe initial scan parameters and engage the tip.

5. Begin scanning.

Once the tip is engaged and scanning, pay attention to therdwgignal in the sum and deflection meter panel. It
should match the setpoint current and be stable. Also miothigocurrent signal. initially the lattice may appear
distorted due to the system settling. The settling time nejrimediate or take several minutes. Typically from
5-30 minutes.

If the current signal appears to be noisy or low quality, d@iwe up. The tip may be passing through a bad
location on the sample. The tip may also be alternately timmpérom several places as the actual end of the
probe cannot be that well defined. One trick we use is to “clgdrthe tip by abruptly crashing it into the surface.
To do this, gently give a sharp tap on the view module with allstoal like your tweezers. The mechanical
disruption to the system often knocks off neighboring tipgtee end of the probe and make them less likely to be
in the tunneling distance to the surface.

Adjusting the integral gain helps increase the trackindgheftieight signal while also showing good resolution in
the current signal. Raising the the gain too high will redtieecurrent signal which is normal but may end up
causing the feedback loop to oscillate which may blunt the ti

Depending on the quality of the current signal, you may wastdjust the feedback bandwidth to filter out higher
frequencies or increase it for better tracking.

26.9.2. Larger scan sizes on HOPG

The same scanning parameters are typically used to scamQR&Hample at a larger scan area like 1-5um with
the exception of the scan rate.

e Scan rates for larger scan sizes are typically .5 to 2Hz.tipheslocity increases with scan size so you need
to allow time for the feedback loop to track the sample s@fac

» For optomiozing the image, try increasing the integrahgaid/or then the bias voltage. Raising the gain
will increase the feedback adjustment rate to the Z piezdewhcreasing the bias voltage makes the tun-
neling current easier to achieve although spatial resoiutiay be reduced. The effect will be negligible.

26.10. STM Probes

The Cypher ES STM kit is supplied with 20 mechanically fornfeel. carefully clipped with super sharp wire
cutters) probes. Additional probes can be purchased froptuAsResearch. If you wish to make your own probes
the material and dimensions for making the supplied probes a

Material: 80%/20% Platinum Iridium. Wire should be drawragiht. Wire cut from a roll has a small radius and
may not hold tightly into the tube on the STM holder. The tubbént with a large radius. This is intentional to
help reduce drift due to the stress of bending the probe vgomunsertion into the holder.

Wire size: 0.01” diameter (0.25mm) , cut approximately 2hfn) long.
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Contact Asylum Research about further tools and technieeesred to make the proper cuts.

Attention Longer probes can be used but may introduce image distdrandrift due to the length.

The approximate range of the camera focus is about 3mm bakwrtderside of the tip

Attention holder tube. Tips that extend below 3mm will not allow the péo be viewed.

26.11. STM holder Testing and Maintenance

26.11.1. Testing
26.11.1.1. Using the test resistor
A 500M Q resistor is supplied in the STM accessories kit. The resistgoldered to a short length of wire

terminated by some Pt Ir probe wire. The other end of thet@sssoldered to a magnet which allow connection
to the sample bias terminal in the gas cell body.

To use the test resistor
a) Insert the platinum wire into the tip tube.

b) Connect the magnet on the test resistor to
the front magnet in the gas cell body.

c) Install the STM tip holder into the ES while
making sure not to pinch the test resistor
lead in between the cell body and the O ring
on the STM tip holder.

d) The software should detect the STM holder
and change the operating mode to STM. If
1. this does not happen then use Mode Master
to change to STM or change the operating h
mode to STM in the main tab of the Master
control window.

e) Set the surface biasto 1V

f) Note the measured current on the Sum and
Deflection meter display window. It should
be 2nA (1/500e®)

Note You can also use the DolV controls to ramp
the bias voltage and observe the current
relationship of 2nA per 1V applied bias.

26.11.1.2. Testing the STM preamp noise level
1. Install the ES STM holder into the scanner.
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2. Push the scanner into the chassis and close the enclosuréodsitield the scanner from stray electrical
interference.

3. In the upper command bar, select Programming ->Load teseptoes. The word “testing” will be added
to the command bar and the test controls window will appear.

4. Click on the Noise tab.

5. Currentis not typically a choice in the noise panel so tygesbrd 'current’ into the source field in channel
1. The software will automatically add the current chanised aata choice.

Set the Resolution to 1Hz
Set the filter cutoff to 1KHz

Go to programming->Filter panel and deselect the "1 pol&ffiin the feedback channel.

© 0 N o

Click on the Start button to start recording the STM curresise.

10. The typical noise should be ~1mV (~1pA) Adev from 1hz-1kH#hdittle perceivable periodic noise in the
spectrum.

You can change the units of the noise measurement by sejéctistom in the Sensitivity
Hint display item. Enter “A’ for the units and 1e-9 for the scal&eTsensitivity should change
to 1nA/V.

26.11.2. Maintenance
26.11.2.1. Cleaning the STM tip tube

Normal operation does not require that the tip tube be clkkatidor some reason debris has gotten into the tip
tube, the ES STM accessories kit is supplied with a length@f'0diameter tungsten wire. The wire is very stiff
and will allow you to push the wire through the tube to forcétbe obstruction through the top of the tube.

Be aware that the top end of the tube is sealed with a smallafrsiticone glue so this

Warnin .
g seal will also be removed.

Be very careful of the tip wire soldered to the top of the tipeult is very fragile and can
Warning break if hit. Please observe caution when handling shaip tobabjects around the top of
the STM holder assembly.

26.11.2.2. Sealing the tip tube

The tip tube is sealed with a small drop of silicone glue. tf§ome reason you wish to reseal the tube, use RTV
silicone glue that is thick enough not to flow into the tubepéamticular, we use Dow Corning 3545 RTV silicone
glue.
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To seal the tip tube

a) View the top of the ES stm tip holder under
an optical microscope.

b) Collect a small amount of glue onto the end
of a wire or small tool such as the point of a
broken wooden cotton swab.

c) Touch the glue to the top of the tube and
deposit a small amount on the tube.

d) Allow glue to dry.

Warning Be very careful of the tip wire soldered

to the top of the tip tube. It is very fragile and can
break if hit. Please observe caution when handling
sharp tools or objects around the top of the STM
holder assembly.

26.11.2.3. Replacing the bias lead on the electrical sample pucks
The wire lead on the electrical pucks can fatigue and breaikgwuse. The ES STM tip holder accessory kit is
supplied with 6 replacement puck bias leads. Additionalaggment wires can be purchased from Asylum.

1. Use a screw driver to loosen the screw on the puck.

2. Remove the small 1/2 washer from the broken lead that mayapeéd under the head of the screw.

3. Slip the new lead under the screw.

4. Gently tighten the screw to capture the new lead. It is noessary to tighten the screw very tight. Light
pressure is all that's necessary.
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Video Rate Scanner (VRS)

Who is this part for?  After the Cypher VRS AFM has been installed in your lab and g@musomeone in your
facility) have completed the initial training, this parttbe user guide will be the principal reference for operating

the instrument. Although written with the novice user in thiexperienced SPM users should complete the basic
imaging tutorial at least once before attempting to useitisisument.
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27.1. Cypher VRS AFM

Cypher VRS is the third AFM in the Cypher family, where VRSmsta for “video rate scanner.” It is based on

platform of the Environmental Scanner (ES) where the saisgiaced in a sealed cell. Cypher VRS allows for
maximum scan rate of 625 lines per second in tapping and com@ades. Cypher VRS has a dedicated VRS
sample stage as well as updated electronics in the: Back@ackroller, and Scanner. Cypher VRS is compatible
with all of the existing ES sample stages, therefore allgwwimaging in all the modes already available with the
Cypher ES.

27.1.1. VRS Hardware

|||||I|||||! T i'.|||||”||||i{!i|||||||||i i|||||||i| R | ({11 ||.'|; [l || RN ||i T ||.'|
(a) Top Surface (b) Bottom View

Figure 27.1.: VRS Stage

VRS Sample Stage The VRS sample stage is different from all existing ES samfages in that it contains an
additional Z-actuator. The Z-actuator is in the center efiRS stage and has wh z-range and is not sensored.
It is located underneath a 15 mm diameter sapphire diskKldhmy surface visible to the user). There is a
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high voltage wire that connects the sample stage to the 8cémough the VRS application module connector on
top-right of the Scanner.

d

Figure 27.2.: VRS sample stage a) by itself, b) mounted in the cell, c) top view of the VRS scanner with the VRS
stage plugged into the high voltage connector located on the top right side of the scanner

|||‘|||||||||i""" ilillillll‘IIII|I|I|‘|I|I|I|I| ||!i|||]||!|\i|||\'|I‘.II.'II'IIII;I.I_\.III‘Illlll!
(a) Front Connector (b) Bottom Connector

Figure 27.3.: VRS Application Module

VRS Application Module ~ For VRS use, a connector called the “VRS application moduest be installed into
the port at the top-right side of the VRS Scanner (as se&ii.4). This serves at the connection point for the high
voltage VRS stage connector. Typically this module is alva§t attached, however it is required to be removed
or reattached, the ARC2 controll®iUST be poweredFF when doing so.

VRS Perfusion Cantilever Holder For VRS use, the Standard Gas and Liquid cantilever holderde used
just the same as for Cypher ES. However, specifically foridiquerfusion experiments, a new VRS Perfusion
cantilever holder was developed to accommodate the recasragle size requirement. The same tubing as for a
Standard ES Perfusion cantilever holder can be used wihtider.

SYLUM
ESEARCH BETA Page 301

an Oxford Instruments company



Ch. 27. Cypher VRS Overview Sec. 27.1. Cypher VRS AFM

(b) VRS Application Module Attached

Figure 27.4.: VRS Application Module Installation

ES perfusion holder (left)

» The image shows the location of the inlet and outlet holetherperfusion holder. The
distance separating the holes is optimized for a 15 mm diamsample.

VRS perfusion holder (right)

» The inlet and outlet holes are very close to each other toranwodate the smaller 3 mm
diameter sample size.

27.1.2. VRS Software

Cypher VRS can only be used with software version 16. Theore&sthat the imaging data is acqurired in a
new format, Asylum Research Image Sequence with the filsmside ARIS. Each ARIS is a file composed of x
number of frames.

There are several new parameters that have been added toetidyaexisting panels.
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| Master Panel (Ctrl+5) (=)=
‘ Image | Force I Tune I Fmap |
Scan Size Pixel Size
1.00 pm 5 2.0 nm
Points & Lines Frame Rate
512 x 256 0.38 Hz
Scan Rate
Master Panel, Image tab 10000Hz |2
+ Scan Rate imaging Mode
— indicates how many lines are scanned Set Point Fast Integral Gain
per second 180.00mV |2 O 20.00 2 ®
e Frame Rate Drrive Ampl\tude‘ ]
212 mW 5 ®

— indicates how many frames are

K Drive Frequency
1 acquired per second 482.669 kHz |2 ©

— Frame Rate = Scan Rate/ [number of
lines in the image + # Return + # Skip

Save Options

Iines] Base Name Suffix ]
* Frame Rate = 100 Hz/[256 + 6 :;T;ge 0000 I
+2]=0.38 Hz
e Frame
— indicates the number of frames in an
individual ARIS file Continuous Mods| ~ |

Frame Frame

Setto Mever withdraw on offsets

Scan mode locked to: Closed Loop

Image Format auto-set to Image Sequence
ScanShape locked at Sinusoidal
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Advanced Scan Options (=]
£ Advanced
Adavnced Scan Options Panel . :
7] Display LVDT [] Continual Retune
* Image Format [C] Capture Al Data
— when the VRS sample stage is plugged
. hei ired . [T Image Stabilization X Drrift Y Drift
in, the images are acquired as image & nimin 0 nimin
sequence (instead of ibw files)
e Scan Shape Input Range Offset Behavior
— can be sinusoidal or triangular Auto [+1]  [~] Demo E2
— sinusoidal scan shape is automatically Scan Mode
set at scan rates of 101 Hz and higher Closed Loop [ =]

» Z Feedback
— feedback can be set to Fast or Standard

. . | F t 3 sSh
5 — at scan rates of 101 Hz and higher, it is :ige[lmmas B C:"t [?9 ool 2]
. Uto [lmage >eqgu... UTo Inusoida
' automatically set to Fast
« Unidirectional Scanning £ FeedBack
Unidirectional Scanning Auto [Fast] IE‘

— images are acquired line by line in one
direction only (top to bottom or

bottom to top) Pre Scan Behavior
— Fast Return Lines in the Fancy 9 Auto
i i Mo Pre scan & Full Secret Gain
Eeedback panel indicate how many B e
lines are used to move from the end of Mo Pre Scan & 2 Secret Gain & Feed Forward
an image to the beginning of the next ~ [Default: ScanRate <= 10 HZ]

Pre Scan & Mo Secret Gain & Feed Forward

one ~ [Default ScanRate = 10 Hz]
— when the scan shape is set to
sinusoidal, scanning is automatically Last Scan Behavior
set to unidirectional 5 Stay in contact @ Withdraw
Reset to Defaults
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Sec. 27.1. Cypher VRS AFM

Fancy Feedback Panel

e There are several parameters that are not
active for now, however the ones that can be
set are:

» Image Marker Off

— during imaging, the red marker on the
left side of the image shows the
location of the trace and retrace that
appears in the scope

— when scanning fast, the marker can be
distracting so check the box “turn
marker off” to hide it

e Update Frame Only

— instead of updating the image line by
line, it can be updated every frame

— this setting is set automatically when
the scan rate reaches 101 Hz
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FancyFeedbackPanel =]

Fast Feedback

Integral Gain Proportional Gain
20.00 s 0.00 =
Upper Limit Gain  Upper Limit

0% Z 120% o
Lower Limit Gain  Lower Limit

0% - 50% S
Fast Filter

100.000 kH ("] Sine Lin Off

["]1mage Marker off[_| Update Frame Only

astReturn Lines  Fast Skip Lines
6 4

Input Filter Time Shift
0Hz § 0

Slow Feedback

Integral Gain Proportional Gain

-

10.00 S 0.00 =
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FancyFeedbackPanel =]
Fast Feedback
Fancy Feedback Panel
Integral Gain Proportional Gain
» Fast Return Lines 20.00 S 0.00 :
— during unidirectional scanning, once Upper Limit Gain  Upper Limit
an image is acquied, we need to move 0% - 120% -
to the beginning of the next image Lower Limit Gain ~ Lower Limit
— Fast Return lines is the number of 2. s [50% c
Fast Filter

lines that are used to do that movement

 Fast skip lines
— number of lines that are skipped (are [~] Image Marker off[ ] Update Frame Only

100.000 kH 5 ["] Sine Lin Off

4. not shown) in the image FastReturn Lines Fast Skip Lines
* Time shift 6 4

— itis a scanner specific value in Input Filter
milliseconds 0Hz 0

— when left at 0, a lag between trace and
retarce may be visible in the scope (it
is scanner dependant)

— this value is calculated and put into the
software automatically, however it can
be asjusted by the user

Slow Feedback

Integral Gain Proportional Gain

-

10.00 S 0.00 =
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28. Sample Preparation

CHAPTERREV. 2041,DATED 08/31/2018, 11:04. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

28.1 ImaginginLiquid . . . . . . . . . e e e e e e e e e e e 307
28.2 Imagingin Air . . . . . . 307

28.1. Imaging in Liquid

The Z-actuator inside the VRS stage is located in the mididlesosample stage and as a result of that, the sample
must be placed directly on top of it. Additionally, when worg in liquid, the sample needs to be mounted some
distance away from the surface of the VRS stage to preveritbigment of resonances in the cantilever chip
when the sample is moving fast in z direction. For this reasenuse a sapphire rod onto which we secure the
sample to. The sample should be immobilized on the sappbdeaising epoxy glue (ex: 5 Minute epoxy in
DevTube No. 14250 from Devcon). It is also important to im#dgevery edge of the sample (not the middle) for
the same reason.

Mica, HOPG or coverslips should be mounted on pilars withtigkie such as Epon.

28.2. Imaging in Air

When performing VRS experiments in air, there are no majstrictions on sample size or shape compared to
conventioal scanning. The sample can mounted to a puck Menitenust still be fixed directly on the stage using
wax (ex: SS-66 Red sticky wax from Universal Photonics) angp
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29. Cypher VRS Tutorial

CHAPTERREV. 2041,DATED 08/31/2018, 11:04. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

29.1
29.2
29.3
294
295
29.6
29.7
29.8

Loading the Cantilever . . . . . . . . . . . e e e e e e e 308
Mounting Mica Postsonthe VRS stage . . . . . . . . . . . o o o o oo i e e e e e e e e 309
Sample preparation . . . . . . . L L L e e e e 310
Software Setup . . . . . . e e e e e e e e e e e e 310
Alignlaserandtune . . . . . . . . L e 313
Approachingthe sample . . . . . . . . . .. 316
Imaging Settings . . . . . . . . e e e e e e e e 318
Data Analysis . . . . . . . o e e e e e e e e e e e 319

This tutorial will guide the user though the steps necesaitpage DNA on mica in buffer environment.

Prior to starting the tutorial please read the Environmeé$tanner section of the manwdrt |1l on page 160

29.1. Loading the Cantilever

The cantilever chip is held in place by a metal clamp. Stepdyyinstructions can be found in secti®action 17.2
on page 179

Mount a cantilever

 Use the Liquid Cantilever holder

» Choose a short probe, AC10DS works well for this experiment
 Place the cantilever chip all the way in under the clamp
 Tighten the clamp and check that the chip is well held in tbielér
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29.2.

Check tip position
» Appropriate cantilever probe placement is shown on thesidé.
» On the right side image, the probe is pulled out too far.

Mounting Mica Posts on the VRS stage

Glue the mica pillar to the VRS stage

* Prepare 5-minute epoxy glue by mixing the
two components vigourously for at least 1
min

* Dip the bottom of the mica pilar in the glue
so that the bottom of it is covered in glue

 Place the pilar in the middle of the VRS
sample stage

Warning It is crucial for the probe to be aligned at the very edge ofaniost!
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Sec. 29.3. Sample preparation

Align the Post with the Cantilever

RAISE THE COARSE ENGAGE STAGE
by turning the Engage Control knob
clockwise

Carefully place the cantilever holder
mounted with a cantilever on the scanner
while checking that the cantilever does not
crush into the pilar

Look through the top of the cantilever
holder to check the alignment of the
cantilever relative to the pilar

Take the cantilever holder off, realign the
pilar, place the holder back on the scanenr
and check for alignment

Repeat until the cantilever is right at the
edge of the mica

IF THE PROBE CHIP IS NOT AT THE
VERY EDGE OF THE MICA PILLAR

YOU WILL NOT BE ABLE TO IMAGE
FAST

Let the epoxy solidify completly (~20 min)

29.3. Sample preparation

Side view Top view
probe
chip e
VA
probe > )
<hip ( )
_/
“post post

DNA deposition on the mica

 Cleave a layer of mica with adhesive tape to expose fresh midface
» Place ~15.L of 0.5 ug/ml DNA solution onto mica

— use Tris buffer* to prepare the DNA solution, for rinsing dodimaging
* 40 mM Tris, 100 mM MgCy4, pH: 7.6, filtered with 0.22m syringe filter

Let DNA incubate for 15 minutes

29.4. Software setup

* Rinse the mica surface by adding and removing a total of w206 Tris buffer (use pipettor)

Note To prevent any contamination, keep the liquid on top of theansio that it does not touch the
sides of the glass pilar nor the VRS stage

The Mode Master window:

« The software should now be showing the
Mode Master window.

* If not, click the Mode Master button at the
bottom of the screenci/svn/rasy-svn/ConfigurationFiles/ModeMasterFigures/Versi
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C:/svn/rasy-svn/ConfigurationFiles

/ModeMasterFigures

on 15/ModeMasterBu
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i

C:/svn/rasy-svn/Conf igiraltCioteiil fsydipdete/S e ignmets)/dhe slhies/ M &d MbastieR tmieds Ofgh

2.
Select Mode:
» SelectCypher tab > Video Rate AC Water
» The screen will now re-arrange and present all the contretessary for this type of AFM
imaging.
8| Master Panel (Ctrl+5) == =]
i Image | Force | Tune | Fmap | hd
Scan Size Pixel Size
1.00 pm = 2.0 nm
Points & Lines Frame Rate
512 x 256 0.39 Hz
Scan Rate
10000 Hz |2
Imaging Mode AC Mode
Set Point Fast Integral Gain o
18000mV |5 0 2000 2@ 1) Sum and Deflection Meter (Ctrl+5) [=[=]=]
Drive Amplitude Sum|0.45 I [ top eter |
22 E® Deflection|0.07 | |
Drive Frequency Amp (mV)| 0.0 |
3 482663 kHz |2 O Phase|225.0( [ |

ComboZ|<no val|

Slow Z/0.00 | N

ave Options

Base Name Suffix  Frame Fast Z <no Va‘

| 0000 3 0

N“"tage Input Overload| ® (7]
ote

Continuous Mode E‘
Frame Frame

Set to Never withdraw on offsets

Scan mode locked to: Closed Loop

Image Format auto-setto Image Sequence
ScanShape locked at Sinusoidal

* In the Master Panel, set the Scan Rate to 100 Hz

» The Sum and Deflection meter will update and will show théage values for Fast Z and
Combo Z
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Sec. 29.4. Software setup

Adavanced Scanning Options Panel

Open this panel by clicking on the gear icon

in the Master Panel, Image tab.

Offset Behavior should be set to Demo
Scan Mode should be set to Closed Loop
Image Format should be set to Image
Sequence

Scan Shape should be set to Sinusoidal
Z Feedback should be set to Fast

Unidirectional Scanning checkbox should
be checked

SYLUM
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Advanced Scan Options (B

7] Display LVDT

[] Continual Retune
[7] Capture All Data

] Image Stabilization ¥ Drift Y Dirift
0 nm‘min 0 nm‘min
Input Range Offset Behavior
Auto [+1] lz‘ Demo E
Scan Mode

Closed Loop E

Image Type

Image Format Scan Shape
Auto [Image Sequ...E Auto [Sinusoidal] IZ|
Z FeedBack

Unidirectional Scanning Auto [Fast] IE‘

Pre Scan Behavior

@ Auto
Mo Pre scan & Full Secret Gain
~ [Default: ScanRate == 6 Hz]
Mo Pre Scan & 2 Secret Gain & Feed Forward
~ [Default: ScanRate == 10 Hz]
Pre Scan & Mo Secret Gain & Feed Forward
~ [Default ScanRate = 10 Hz]

Last Scan Behavior

) Stay in contact @ Withdraw

Resetto Defaults
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FancyFeedbackPanel (=]
Fast Feedback
Integral Gain Proportional Gain
113859 |5 0.00 S
Upper Limit Gain  Upper Limit
Fancy Feedback Panel 0% s 120% s

Lower Limit Gain  Lower Limit
0% o 50% =
Fast Filter

100.000 kH|% [T] Sine Lin Off

» Open Fancy Feedback Panel from AFM
Controls

* Set the Fast Return Line to 6

» Set the Fast Skip Lines to 2. (Itis the

5 number of lines skipped at the beggining of Image Marker off[] Update Frame Only
' each image) FastReturn Lines Fast Skip Lines
 Time Shift is scanner dependant and aftects 6 : 2 -
the overlay of trace and retrace. This value 'g‘:’t SR T(;me 2L
Z v

is calculated automatically but can be

adjusted to improve the trace and retrace Slow Feedback

overlap. Integral Gain Proportional Gain

- -

10.00 5 0.00 s

29.5. Align laser and tune

Seal the imaging chamber

» Place a drop of buffer onto the probe that is
mounted in the liquid cantilever holder

* RAISE THE COARSE ENGAGE STAGE
so that you don’t crush the cantilever when
you mount the holder

 Carefully place the cantilever holder on the
scanner

» Gently thighten the screws to seal the
imaging chamber

» Look through the cell body window (see
figure) and slowly motor up the stage until a
meniscous forms between the cantilever and
sample

 Set the correction collar on the objective to
2
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Sec. 29.5. Align laser and tune

Align the red laser

» Use the controls of the Engage Panel to
locate and bring the cantilever into focus
» Click on SET
 Place the cursor on the cantilever, right click
and choose SpotOn
* The Sum should be around 3V
e For smaller steps during alignment, hold
shift key when pressing on laser controls in
the Video window
— AC10DS cantilever is 10 um long and
might be difficult to locate for the first
time

e Options

= Capture 3

Zoom:10  Coords 4443, 4403ym (i8] %

Capture a Thermal

* In the Master Panel, choose Thermal icon
* Click on Capture Thermal Data
» Acquire ~250 samples
3. * Click on Stop Capture Data
* In the Thermal Graph, place the cursor over
the resonance peak
* Right click and choose Set Drive Fregeuncy
— For AC10DS cantilever, the frequency
should be around 500 kHz in liquid
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Sec. 29.5. Align laser and tune

Turn ON and align blueDrive

For this experiment and AC10DS probe,
place the 0.1x filter cube on the blueDrive
unit
In the Master Panel, choose the Tune tab
In the Drive section of the Tune tab, choose
blueDrive

— The unit of Drive Amplitude should

now be Watts

] Master Panel (Ctrl+5)

[=lE =]

| Image | Thermal | Force | Tune | Fmap

Auto Tune
Auto Tune Low | 50.000 kHz

Auto Tune High | 400.000 kHz

Target Amplitude | 1.00 W
Target Percent | 0.0 %

-

Al [Ae

[Auto Thermall

[ AutoTune |

Cirive Frequency

Manual Tune
474164 kHz

Sweep Width | 400.000 kHz

Drive Amplitude | 900.00 p\W

@ Gain | 0.0000
Tune Time |0.96 S
Phase Offset | 154.30°

Input Range | Auto [+£0.5] lzl

Al [Ae

e [ [A]

=l

4.  Controls for blueDrive alignment will be
vi;ik(;le in the top right corner of the Video
window
* Place the cursor on the cantilever, right click [Conter Phase
and choose Blue SpotON to align the blue _ Other Things
laser on the cantilever Dual AC Mode Drive Choke
« Move the blue laser around the base of the Tune Directon| _Forvard_[ v]
cantilever to maximize Amp value visible in Ahich Lockin| _ CypherA
the Sum and Deflection Meter - Drive
Piezo Drive ()
iDrive
blueDrive @
DDS Output Default
Graph
Engage
| Tune Panel | | Setup |
Tune the Cantilever —
* In Master Panel, choose Tune icon
« Drive Frequency should be set to 500 kHz P IR [
(from Thermal Data) ol 2 .
5 * Set Sweep Width to 400 kHz i Y i
' « Click One tune B o
» Tune Graph should show a clean broad peak "~
at ~500 kHz o w0
 Adjust Drive Amplitude until Amp on the
Sum and Deflection Meter indicates 250 mV b mMe s wOw e e
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29.6. Approaching the sample

Bring the sample close to the probe

The height of the sapphire pillar with mica

is~2.5mm

In the Engage Panel, set the Sample Height

t0 2.8 mm

Click Move to PreEngage

It is possible that a warning message will

appear “Tip may have struck the surface..”

— The reason for this message is that the

laser spot moves off the cantilever
which results in a Sum signal drop

Click No when prompted to “Move the tip

up to a safe height now?”

Realign the red laser on the tip to maximize

the Sum and click Move to PreEngage
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T ()

'Igor Pro wants you to know...

The tip may have struck the surface.
Move the tip up to a safe height now?

Please check the tip focus and surface focus.

]

R Engage Panel (Ctrl+8) =]

| Approach | Detector | Prefs |

{Un) Load
Sample

|[s
Focus E

1T

‘ Focus ‘g
|on Sample/ | -

éampie Heighr

On Tip

2.628 mm

‘ Move To
Pre-Engage

Focus Position: 2.654 mm Start

Tip Position: 2.654 mm | |Tip Appruach}
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Approach
* In Master Panel, Image tab set the
parameters to:
2. — Scan Size: 1um

— Points & Lines: 512 x 256
— Set Point; 180 mV

— Scan Rate 100 Hz

— Fast Integral Gain: 20

El Master Panel (Ctrl+5) ‘El = |E‘
—_
| Image | Force | Tune | Fmap |
Scan Size Pixel Size
1.00 pm & 2.0 nm
Points & Lines Frame Rate
512 x 256 | 0.39 Hz
Scan Rate
10000Hz |3
imaging Mode
Set Point Fast Integral Gain
180.00mv 50 120.00 5 €

Drive Amplitude
|22 mW ol@)

Drive Frequency
1482 669 kHz |5 O

ave Options

Base MName Suffix Frame
Image 0000 3 ©
MNote

Continuous Mode IZ]
Frame Frame

Setto Mever withdraw on offsets

Scan mode locked to: Closed Loop

Image Format auto-setto Image Sequence
ScanShape locked at Sinusoidal

Approach tip

3. * In the Engage Panel click on Start Tip
Approach
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(X Engage Panel (Ctrl+8) [ ®][=]
] Approach | Detector | Prefs |
TEY (Un) Load
?' ‘l i N Sample
ot =223 5]
s — Focus EI
ove Focus i
y R On Tip T
A 4 Focus 2'
On Sample T’
' Sample Heighi_
h 4 2628mm %
Move To
Pre-Engage
Focus Position: 2.654 mm s
Start
Tip Position: 2.654 mm (7o Approacn |
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Sec. 29.7. Imaging Settings

0
Engage
* When the Set Point is reached click Engage
* Ifthe tip is at the sgrface, Sum and e =
Deflection Meter will read: sumi2.65 M
— Amp (mV): 180 Deflection|0.26 | 1
— Combo Z, Slow Z and Fast Z should Amp (mV)[180.2 [
4 be somewhere in the middle of their Phase[86.97 | [
' ranges ComboZ[108.84 |
« If either Combo Z, Slow Z or Fast Z are out Slow Z/57.23 | |
of range, withdraw and: Fast Z|87.71 | [ |
— Realign laser Input Overload| ® [sewn | &9
— Set Drive Amplitude to 250 mV
— Click on Start Tip Approach
* When the Set Point is reached click Engage
and check if the surface has been reached
29.7. Imaging Settings
Start Scaning
* Click on Scan Down
» Adjust Setpoint until trace and retrace
overlap
* Increase Fast Integral Gain to improve
1 image quality

— if the sapphire pilar and mica have
been well imobilized on the VRS
sample stage, the Fast Intergral Gain
should reach values of 60 and higher

— if the Fast Intergral Gain value is low
(20-30) and ringing is visible, consider
re-mounting your sample

Start Scanning

* Click on Scan Down (or Up)
 Adjust Setpoint until trace and retrace overlap
* Increase Fast Integral Gain to improve image quality

2. | If the sapphire pilar and mica have been well imobilized aWIRS sample stage, the Fast Intergral
Gain should reach values of 60 and higher

Note If the Fast Intergral Gain value is low (20-30) and ringingiisible, you probably havpoor
samplemounting orlooseprobe. RE-MOUNT YOUR SAMPLE and CHECK PROBE
PLACEMENT in the holder.
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« If there is any tilt in the Trace and Retrace scope (left ig)adnange the scan angle by
increments of 10 degrees until the traces are level (righgi)

Adjust Scan Rate and Scan Lines

4. * To increase Frame Rate
— Increase Scan Rate (Maximum = 625 Hz) or
— Decrease the number of Scan Line

Image and Scope update

» Images are updated line by line up to 1 Hz
frame rate

« When imaging at a Frame Rate of 1 Hz and e ——
higher, images are automatically set to féf'iiw"?’" i
update every frame e

(] 120%
FastFr

* Red Image Marker on the left side of the oSl Eva s

image moves continuously to show where i T
the tip is scanning P
« When images are updated every frame, the | Pesee Py
position of the Image Marker is static and
can be set by the user
— Right click on the position where the
marker should be placed

— Set Scope Line

29.8. Data Analysis

Data is acquired iAsylum ResearcHmageSequence format (file extension ARIS). ARIS files can be opened
directly form data browser.
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Opening Saved Files

e From AFM Analysis choose Browse Saved
Data B g g e B |
. X ) ) e = A M‘: o K L dsoo@ daow da0002 ¢ad003
+ Browse window will open with thumbnails il f:‘“ =4 .
1. of all the saved files ;,% i m'a=. g@! i B
 Eachfile conta!ns all the.ln(.jlwdual frames ——— =
that were acqu”'ed for thls f||e calC0T  dneddI2 de000G  dredddd leos o . T00CE el
» To open the file, simply double click on a —
thumnall that has a fllmstrlp on It £MAlL13  drbdlé  dnatold  aradE  e1aL0ly  dra0di¥  dna001d  analli  dnavozl

Offline Movie Viewer

* File opens at the first frame

 User carstepthough the frames by clicking

2. on the arrows below the image (slow)

» User carslidethough the frames (faster) by
keeping the arrow pressed down

» User can make a movie out of the file

Adjusting Data Scale

By clicking on the top of the frame, a
hidden section with options will appear

» The section contains different color scheme,
data scale range and offset

* To hide this section click on it
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4.
Channel button
 This button adds channels that were acquired during ingagin
« In this case it is the Phase image, Amplitude is also aviglab
 To close one of the channels, click on the garbage can tipaizaip at the top of the image
5.

Trace button

 This button adds any information that was collectd duringging
* If collected, choices include

— Cell pressure — Drive Amplitude

~ Scan Size — Drive Frequency

— XandY offsets

— Filter inputs — Feedback Filter Bandwidth

 To hide the additional information, click on the garbagéhia top right corner of the image
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6. Recipes

» Recipes allow for modification of batches of frames

» Receipes include the following function that can be usegtoer
Flatten

— Planefit

Store

Restore

Mask

» User can choose to apply a recipes with a given number offication functions on either all
or chosen frames

Layout

 Layout lets the user choose the display of the two chanhetsare being viewed
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Labels

By using this button, user can append
differnt labels to the image
* Labels include
— Title
— Chanel type
s. — Scale bar
— Additional parameters
* pressure
* time
* scan size
scan angle
x and y offset

*

*

Movie

* When making a movie out of an ARIS data
file, the user decides which frames should
be used

— In this case the movie will start at
9. frame 0 and will end at frame 156
» Other options include
— Size of the movie window
— Output type
— Playback rate
* movie can be played back at real
time rate, faster or slower

Parms.

e Parms. is short for Parameters

» Parameters relating to the movie will apprad
10. besides the image window

— Frame Rate

— Scan Rate
— Scan Size
— Points & Lines
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Adv.

 Aduv. is short for Advanced

» Popout Frame allows for extraction of a
frame out of the ARIS file

 This extracted frame can be processed and
saved as an IBW file

11.
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30. Cypher VRS Experimental Protocols

CHAPTERREV. 2041,DATED 08/31/2018, 11:04. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

30.1 Preparing MicaSubstrates . . . . . . . . L L e e e e e e e e e e e 325
30.2 Removing Mica Pilars from VRS Sample Stage . . . . . . . . . . . .. oo o 327
30.3 Collagen on Mica in Liquid - Perfusion experiment . . . . . . . . . . . . . . e 331

30.1. Preparing Mica Substrates

Clean the Sapphire Posts

¢ Sonnicate the posts in ethanol for 10 min

1. ¢ Rinse the posts with clean water several
times

e Let the posts air dry
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Prepare Glue

» Place some EPON1004F glue crystals on a
glass slide and heat it up on a hot plate

» Place several clean sapphire posts on a glass
slide and heat them up besides the glue

2. » Have mica ready for gluing beside the

sapphire posts

Note Mica can be bought from various suppliers.
Itis important to have high quality mica with nice
sharp edges devoid of cracks. Avoid flaky mica.

Adhering Mica to Sapphire Posts

» Step 1: Wait for glue to melt (~140 degrees C)

 Step 2: Keep sapphire posts on the hotplate so that they Hre same temperature as the glue

 Step 3: Put a drop of glue onto the post using a wooden apqtica

 Step 4: Place mica on top of the glue and let the glue spredéruihe mica. Do not press on
the mica as the glue might from moving on top of the mica
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4.
Mica Quality is Key
* The edges of the mica disk must be sharp and as flat as po&sibleft images)
¢ Choose the side with sharpest edge of the mica when appnagitie probe
¢ Flaky and delaminated mica will result in unstable imadftvgp right images)
5.

Care must be taken when preparing sample substrates

¢ Too much glue will result in a tilted sample (left image)
¢ Mica should be placed in the middle of the pilar, overhargsitd be avoided
¢ Uneven or flaky mica is easy to see under the microscope andishe avoided

30.2. Removing Mica Pilars from VRS Sample Stage

When there is no more mica on the sapphire pilar, the usenedtl to remove the used pilar and glue on a fresh
one.
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%] Engage Panel (Ctrl+8) o |[@ ][]

l Approach ] Detector | Prefs |

{Un) Load
Sample

Unload the sample | g8 VS
o . wr 2N
 Stop imaging by pressing STOP on the — Focus 2
Image Tab of the Master Panel il A onte ||v]
» Move the sample away from the tip by —
1. . A 4 Focus | |2
pressing the (Un)Load Sample button on the o sanpiat|E
— iz | o
Engage Panel . - e
* Remove the cantilever holder from the v 2628mm |2
scanner j
Move To
Pre-Engage
Focus Position: 2.654 mm Start
Tip Position: 2.654 mm | Tip Approach
Turn Controller OFF
>  Turn controller OFF by pressing the Power

button
e Green LED light will turn OFF
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Unplug the VRS stage

3. » Gently pull on the connector to unplug the
VRS stage

Remove the VRS stage from the scanner

» Unscrew the 3 screws on top of the stage

» Unlock the VRS sample stage form the

4. scanner by turning the from screw 3 full
turns

» Remove the cell body from the scanner
slowly

VRS sample stage holder

* The holder has the same screw lock-in mechanism as theescann
» Place the dove tail of the stage in the holder and gentlyeigthe screw
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Place the VRS stage on the holder

 Place the stage on the holder

6. -
» Fasten the screw so that the stage is firmly
attached to the holder
Expose the sample stage
7.  Pull the cell body away from the sample

stage

Cleave off sapphire pilar

» Use a scalpel or a blade

8.  Place the blade parallel to the sample stage
and apply pressure

 The pilar should pop off
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Clean off residual glue

 Scrape any residual glue off the sample
9 stage

Note The sample stage is made of sapphire so do
not worry about scratching it

Refold the cell body membrane

» Press on the sample stage until you can grab
onto the back side of it

10. « Pull from the back of the sample stage,

move it back and forth until the membrane

folds into place and looks like the image to

the right

Place the VRS sample stage in the scanner

» Lock the stage in place with the screw in the front of the seautfinger tight)
 Tighten the 3 screws on top of the cell

* Plug the VRS sample stage to the connector on top of the ecann

* Turn the controller ON

 Follow the steps in the Cypher VRS Tutorial to glue a new npitar on the VRS stage

11.

30.3. Collagen on Mica in Liquid - Perfusion experiment

Collagen molecules aka procollagen: measures 300 nm eachlleSt thickness of molecule: 1.3 nm -1.5 nm
(part 1 in figure). Each procollagen is composed of two alpbetide chains and one alpha2 peptide chain
(100kDa each). It is a right handed helix held together byrbgdn bonds and hydrophobic interactions. Each
complete turn of the helix is 8.6 nm.

Collagen fibril: diameter ranging from 20 to 90 nm and sevemarometers in length. They have striations
(banding) with a periodicity of 64-68 nm. (part 3 in figure) eliagen fiber: composes bundles (part 4 in figure) -
Collagen bundle: biggest (part 5 in figure).

The goal of the experiment is to follow the dynamic processatiigen molecules assembling into fibrils on mica

surface. The experiment is performed as follows: 1) cleazaris imaged (in buffer pH 10); 2) a small amount

of concentrated solution of collagen molecules (solutopH ~4) is added using a perfusion holder and 3) the
assembly of collagen molecules into fibrils is observed lanaing the mica surface at ~ 1 frame/sec.
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Lacunar region -* r Overlapping region

(I |

L Collagen

. > 2= °

> —8' »
[ 1 e e
' Lo i ‘I ' F
@ r— . >
i s — Bundle of

collagen fibers

E-q— 300 nm

Lacunar region -\'j
H:r’. of tropocollagen length)
67 nm
Source: Mescher AL: Jungueira’s Basic Histology. Text and Atlas,
12th Edition: http://www.accessmedicine.com
Copyright & The McGraw-Hill Companies, Inc. All rights reserved.

Figure 30.1.: Structure of collagen

What's needed for the experiment

— 300 mM potassium chloride/ 10 mM
sodium phosphate dibasic buffer pH: 10

— Concentartaed collagen solution (3100 ppm
= 3100 mg/mL)

— AC10 probes

— VRS perfusion holder

— Tubing and tools to set up the perfusion
holder

— Plastic syringes 1 mL

— Posts with mica

Preparing the substrate

1 » Use Devcon epoxy to glue a clean
' sapphire/mica post onto the VRS sample
stage
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Preparing the perfusion holder

e Wash and dry the holder

» Thread the tubing through the perfusion
holder

» Make sure the tubing is well connected by
gently pulling on it

Preparing the perfusion setup

 Attach syringe adapters to the other end of
the tubing that is connected to the holder

3. » One syring will be used to inject buffer or
collagen

» The other syring will be used to remove
solution from the tip-sample area

Experiment

» Place an AC10 probe in the holder

 Cleave mica using adhesive tape to expose
fresh mica surface

» Add a drop of buffer (~1@L) onto the mica
surface

* Fill 1 syringe with buffer and connect the
syringe

» Push the buffer through the tubing until it

4. reaches the probe

 Pull some of the buffer away from the probe
using the other syringe

* Place the holder on the VRS scanner

 Bring the sample close to the probe while
watching the two approach

» A meniscus will form between the holder
and the sample

 To keep the experiment free of
contamination, keep the liquid on the pillar

SYLUM

Page 333



Ch. 30. Cypher VRS Experimentaé®r8t8olSollagen on Mica in Liquid - Perfusion experiment

Experimental settings

e Use AC10 probes

Align laser on the cantilever

 Use blueDrive to tune the cantilever
* Free Amplitude: ~250 mV

Setpoint: ~200 mV

Fast Integral Gain: 50

Scan Size: 1-2m

Points and Lines: 512 x 256

» Scan Rate: 250 Hz

Imaging mica

» Approach the mica surface and image it

6. » The surface should be clean and flat

* It there are any features, it is probably
contamination: consider recleaving the mica

Preparing collagen

Stop imaging

* Prepare a syringe with 4QQ of buffer

» Add 4uL of concentrated collagen (3100
7. mg/mL) to the buffer

Exchange the pure buffer syringe with the
collagen syringe

» Take care to not introduce bubbles into the
tubing (look at figure)
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Imaging collagen

 Start scanning again

 Slowly add collagen by pushing on one
syringe

At the same time, remove buffer with the

8. other syringe (a pump could be used for this

step)

As the collagen is assembing on the surface

you will start seeing strands

Adjust the setpoint so that the stratnds are

not being moved off the surface by the tip
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Part V

Chassis & Enclosure

Who is this part for?  This part covers general topics relating to the “frame” @& thstrument, such as scanner
exchange, laser module exchange, and air temperaturetontr
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31. Tutorial: Scanner Exchange

CHAPTERREV. 1912,DATED 03/03/2017, 08:49. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
Chapter Contents
31.1 Removingthe scanner . . . . . . . . . L e e e e e e e e e 338
312 ScannerStorage . . . . . . . .. e e e e e e e e e e e e e e 340
31.3 Replacingthe Scanner . . . . . . . . . e e e e 341

The Cypher AFM can be purchased with various scanner modileis tutorial describes how to safely swap
from one scanner to another.

31.1. Removing the scanner

The photos show the removal of the Environmental Scanner stéps are the same for any other model.

Raise the coarse engage stage: It's likely
you'll need to change a cell body after scanner
removal, so it's best to raise the stage now to make
1. | those later actions possible.

» Rotate the Engage Control Knob on the
Cypherclockwise and hold it until the
cantilever is at its highest position.

Open the enclosure:

« Lift the door latch and open the enclosure
door.
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Power OFF the ARC2:

» Turn the ARC2 off before proceeding.
 Press the button as shown and verify the
green light is OFF.

NOTE: The light behind the display on the
scanner front will not turn off because it's
powered by a different power supply. Itis OK to
unplug the scanner with this power supply active.

Unlock scanner:

« Lift the lever to the right of the scanner.

Begin to pull the scanner out:

 Pull the scanner out about halfway.

6. Now go and clear out a place to set the scanner down once yaweeitn We recommend you first place
the scanner right in front of the AFM system, and then gripst@nner again to move it elsewhere. If the
scanner is dropped it might become irreparably damaged.
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Detach the scanner from the chassis:

e Check that the light behind the scanner is
off. This confirms the controller was turned
off.

» The light behind the display on the front of
the scanner will remain on. This is OK. It is

7. powered by an alternate power supply.

 Turn the knob on the right side of the
scannecounterclockwiséo unscrew.

» The knob will disengage and retract back
towards the chassis. If the knob does not
disengage readily, make sure the scanner
body is pulled out sufficiently from the
chassis.

Remove scanner:

» Use two hands to grasp both sides of the
scanner and remove. Place your fingers
under the two dovetail rails as shown in the

8. photo.

» Use care because the scanner is HEAVY.
 Preferably place the scanner right in front of
the AFM and then pick it up again to move

it to its storage location.

31.2. Scanner Storage

The scanner should be stored under basic laboratory consljtpreferably in a locked cabinet or drawer where it
will not collect dust, be accidentally knocked over, or berffowed”. At the very minimum, place it on a shelf
and cover it with a soft cloth.

YLUM
ESEARCH BETA Page 340

an Oxford Instruments company



Ch. 31. Tutorial: Scanner Exchange

Sec. 31.3. Replacing the  Scanner

31.3. Replacing the Scanner

2
3

Verify that the ARC2 is off:

» Double check that the ARC2 power light is
indeed off. If not, turn off the controller.

. Clear a space in front of the AFM.

. Set the scanner down in front of the AFM.

4. Swing the scanner connector to the side so it does not bl@cg&danner’s insertion.

5

. Make sure the locking lever on the chassis is in the RAISEXijpos

Set the scanner on the rails:

» Use two hands to grasp both sides of the
scanner and remove. Place your fingers
under the two dovetail rails as shown in the
photo.

» Use care because the scanner is HEAVY.

« Lift the scanner as shown and set it on the
rails.

» Push itin far enough so it sits stably on the
rails.

Secure the scanner connector:

 Press the connector into its mating socket.
 Turn the knob on the right side of the
scanneclockwiseuntil firmly tight.
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Push the scanner in:

 Push the scanner all the way into the chassis
until it connects with the chassis.

Lock the scanner:

» Continue to apply pressure against the

9. scanner.

» Lower the lever to the right of the scanner to
lock it into place.

Turn the AC2 back on:

10. * Press the button as shown. The light must

remain green.

11. Sometime during the following steps you may be asked to rehthe motors. Please do so when the
software requests it.

12. When the process completes and click Q button and the popup list of attached hardware should
include the scanner.
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32. Optical System

CHAPTERREV. 2029,DATED 07/25/2018, 15:56. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

321 OVEIVIEW . . o v v o e e e e e 343
32.2 Microscope ObJective . . . . . o o i o e e e e e 343
32.3 VIeWSYStEM . . . .. e 343

32.1. Overview

The Cypher AFM has an excellent optical system. A high guafiticroscope objective sits at the heart of this
system. It affords an excellent optical view of the samplediso guides laser beams for the cantilever detection
system.

A camera and white light source are embedded in the “viewesyswhich protrudes from the top of the cypher
enclosure.

32.2. Microscope Objective

The objective is not user replaceable. The magnificatiorxedfi Only digital zooming is possible within the
software.

Depending on the imaging conditions (air, fluid) a correttollar on the objective must be adjusted. The tutorials
in this user guide will always indicate the correct settidgn overview of these various settings is given in the
table below.

Collar Cypher S Cantilever Holders Cypher ES Cantilever Holders
setting
0 Any “Air Only” cantilever holder. Never
15 Any “Droplet” cantilever used WITHOUT Any cantilever holder used with Gas.
liquid.
2 Any “Droplet” cantilever holder used WITH Any cantilever holder used with water.
water.

32.3. View system

The view system protrudes from the top of the AFM enclosureomtains a software controlled white light source
and camera. It also has three user controls. Two levers fastay image brightness and contrast, and a focus
ring.

The focus ring is typically set at its detent position, in @ihtase the optical view in the camera is focused in the
same plane as the laser spot used to detect cantilever matigch usually brings the back of the cantilever into
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(a) Zero (b) 2

Figure 32.1.: Some examples of correction collar settings.

focus. In most cases a focused view of the sample, and noathedf the cantilever is desirable. During imaging,
use the focus ring on the view system to bring the sample otod.

During the engage process, the ring should be returned toethal (detented) position. A sensor will inform

the software if this is not the case and you will be warned teeémgaging to adjust the view system focus if
necessary.
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Figure 32.2.: Frontview of Cypher view system and controls.

SYLUM
ESEARCH BETA Page 345

an Oxford Instruments company



Ch. 33. Laser Source Modules

33. Laser Source Modules

CHAPTERREV. 2101,DATED 09/04/2019, 16:15. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Chapter Contents

33.1 TypesoflLaserModules. . . . . . . . . . e e e e e e e 346
33.2 Tutorial: Laser Source Module Exchange . . . . . . . . . . . .. 348
33.3 'SpotOn’calibration . . . . . . . L L e e 350

33.3.1 Readjusting the 'Spot On’ calibration. . . . . . . . . . . . . . .. ... ... ... ... 351

The following instructions describe exchanging laser seunodule assembly in the Cypher AFM. The Laser
Source Module can be exchanged without disassembly thrihggfiont of the instrument with a little familiar-
ity of the process. For the reason of clarity the instructidescribe exchanging the Laser Source Module by
disassembling the enclosure followed by the process donagh the front of the instrument.

33.1. Types of Laser Source Modules and How to Identify Them

The Cypher can be equipped with interchangeable light sui$ome of the nomenclature:

Laser Diodes: Best all around choice for AFM imaging. Lower noise for imagitechniques, but with some
interference effects which can lead to background osiciiatwhen performing force curve measurements.

Super Luminescent Diodes:  Also known as SLDs. Best all around choice for force curvesuezments. Slightly
higher noise than the laser diode sources, but remarkabbrloscillating background for force curve work.

Small Spot:  3pum by 9um spot size. Mandatory for cantilevers smaller tharlarge spot, to prevent light from
spilling over the sides.

Standard Spot:  10um by 30um spot size. Preferable for larger (traditiocaftilevers since a spot that fully fills
the cantilever leads to lower imaging noise..
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Sec. 33.1. Types of Laser Module s

Part # Item Description Picture
901.601 | SLD Source Module, standard spot size.
901.602 SLD Source Module, small spot size.
901.603 Lgser Diode Source Module, standard spot
size.
901.604 L_aser Diode Source Module, small spot
size.
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33.2. Tutorial: Laser Source Module Exchange

As noted at the beginning of this procedure, it is possibkxtthange the Laser Source Module without removing
the top of the enclosure. It is highly recommended that yati flamiliarize yourself with the system by removing
the top cover once so that you are certain of the locatione€timponents involved.

1. Remove your sample from the scanner.

Lower the cantilever holder:

» Rotate theEngage Control Knob’ on Cypher
counter-clockwiséo lower the tip to a close
distance ~1mm) above the top of the
scanner. This will allow easy access to the

2. top of the head assembly where the Laser

Source Module is located.

e

ERb dpeny .,

Note Although it is not required, for safety
reasons we recommend making motor moves with
the door closed. Beware of pinch points

(Figure 1.1 on page)5

3. Turn the ARC2 controller power off. This will shut off most tife Cypher’s power. It is not necessary to
disconnect the motor power supply when exchanging the L$serce Module assembly.

Remove optics cover:

 Grip the cover at its lower edge and gently
pull forward. It is attached magnetically and
4, will detach of smoothly.

Note This will expose the head assembly and
allow access to the Laser Source Module from the
front.

5. Locate the Laser Source Module container for the one youarmving now. You will need to store it
properly as soon as it is removed from the SPM.

6. Locate the Laser Source Module (hopefully in its contaimérich you will be installing.

Locate the Laser Source Module:

» Look in the area where you just removed
the optics cover.

7. e The Laser Source Module is easily
identified by its red handle.

» Above that note the metallic silver cross
shaped clamping knob.
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Loosen the clamp:

 Turn the clamping knob about % turn
counter-clockwiser until it feels loose.

Pull the Laser Source Module out:

» Touch a metal part of the SPM instrument to
ground yourself.

 Grip the Laser Source Module’s red handle.

» Gently push straight back. The Laser
Source Module should slide out very
smoothly. If not, further loosen the knob.

» Once the tube clears its cradle, move it to
the right and pull it forward and out.

10. Unplug the power cable.
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11.

12.
13.

14.
15.
16.
17.

Store the Laser Source Module immediately:

 Place the Laser Source Module in its pink
anti static bag (IMPORTANT!)

 Place the bag and Laser Source Module
inside its plastic enclosure.

 Store in a safe place. The Laser Source
Module is fragile and can be damaged or
knocked out of focus if it is dropped.

Connect the new Laser Source Module to the power cable.

Install the Laser Source Module (reversing the removal ggeginto the head making sure that the tube is
fully seated. The tab on the left side of the tube will key tbtion of the tube in the head.

Tighten the clamping knob to secure the Laser Source Module.
Replace the optics cover (S8&ep 4 on page 348
Turn theARC2 power back on.

Power the system back up and align the laser spot on theeaattilf you are unsure of this process, follow
these steps

a) Power up the system as describe@apter 5 on page 33
b) Follow the “AC Mode in Air tutorial” Chapter 7 on page 4@ip toStep 12 on page 52
c) Ifthe 'Spot On’ process does not perfectly center therJdben please segection 33.3 on page 350

33.3. 'Spot On’ calibration

A small amount of misalignment in the light spot position ggmal after the Laser Source Module is exchanged.
Great care is taken at the factory to ensure that the “spotcalibration is correct but due to subtle position
shifts in the relationship of the optical components, thatimay settle in a new location. Once the Laser Source
Module is installed and any corrections are made to theredidn, the spot accuracy of the “Spot On” routine is
very repeatable. If the “Spot On” software routine appeansisalign the light on the back of the cantilever, it
may be for the following reasons:

» The Laser Source Module you installed may be clamped infardiit position from when it was tested at

the factory. With the Laser Source Module powered on, loesehjiggle the Laser Source Module to allow
it to re-seat in the head. Re-tighten the clamp. If the ligltves back to the same (unwanted) location
repeatedly then consider recalibration.

If the Laser Source Module was purchased at a later time fuien the system was delivered or it was
exchanged due to a repair then the “spot on” parameters vaditeated on a different Cypher and small

system to system differences make the spot on calibraticanpeters in the Laser Source Module incorrect
for your system.
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33.3.1. Readjusting the 'Spot On’ calibration.

The spot on software routine relies on two parameters siorgek Laser Source Module calibration information
block (info block). These parameters are set at the factatryfay need to be changed if the Laser Source Module
is exchanged.

If you find that the Spot On position is still off after re-segtthe Laser Source Module and allowing it to warm
up:

1. Allow the Laser Source Module to come to operating tempeeatS8ubtle changes in the relative position
of the optical emitter and focusing lenses inside the Laserc& Module can occur during warm up after
installation. Allow an hour for the Laser Source Module taneto thermal equilibrium with the system.
You may find that the error in the “Spot On” positioning willdece. If the Cypher is left powered off for
an extended amount of time, i.e. overnight or for a day, you fimal that the Spot On position may be off.
Allow ample time for the system to reach thermal equilibribefore deciding to make adjustments

5] Video = B
K SpotOn & TipPos & Zoom 4§ Home | Options =| Capture

Auto Decimate
v Decima tel
Decimate 2

Decimate 4

Rotate 0
v Rotate 90

Perform Auto White Balance

Reverse Spot Direction

¥ Reverse Sample Direction

Show Navigation

Prepare to reset:

Show Reset SpotOn Menu ltem

* Click on “show reset spot on menu item” in
the options pull down selection.
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1 Video ==

3 SpotOn o TipPos ® Zoom 4§ Home Options ~ Capture

Reset the spot position:

e Zoom in at least once.

» Point the mouse cursor to the center of the
laser spot. Right click and click on “reset ==

3. spot on position”. e palt b

» The new XY spot centers will be stored in
the Laser Source Module’s infoblock.

SpotOn

Note The photo shows a laser spot which did not
quite center onto the cantilever holder, hence the
need for the recalibration.

Zoom:20  Coords:3831,4794pm 3

‘ﬁf Spaton L B Tip Pos Q ZO0m Qptions = Capture
Test 'Spot On’:

» Use the arrow markers at the top of the
video window to steer the spot off the
cantilever.

4.  Click the Spot On button at the top left of
the video window.

* Click in the center of the cantilever and
confirm that 'Spot On’ is properly
calibrated.

From now on this light module should be properly calibratedise (and re-use) in your Cypher SPM, since each
Laser Source Module has a small memory element which stieeesatibration values.
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Cypher
Ready -n

Figure 33.1.: To open the Laser Source Module infoblock, click on the “gear” icon at the bottom of the screen, then
mouse up to the Laser Module and over to the infoblock. Then release the mouse button.
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34. blueDrive™ Photothermal Excitation
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blueDrive

Figure 34.1.: blueDrive optomechanical unit that mounts onto the Cypher Head
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34.1. Overview

blueDrive is an optional accessory mounted onto the Cyplmas§is which focuses a blue laser spot onto the
cantilever. The blue laser provides an alternative drivelmaaism to the standard piezoacoustic drive mechanism
used to excite the cantilever (a.k.a piezo drive).

34.1.1. The principle of photothermal excitation

In addition to the infrared detection laser (850 nm), a baset (405 nm) is focused on the base of the cantilever
which causes photothermal excitation: local heating ofchatilever leads to a thermal stress that changes the
cantilever deflection proportionally to laser power. Higaduency modulation of the laser power up to 8 MHz
allows the excitation of cantilevers of all sizes, as weleasitation of higher eigenmodes.

detection excitation
A=850 nm A=405nm

Figure 34.2.: Schematic of photothermal excitation

The benefits of such a direct drive mechanism are similardeettof magnetic actuation (iDrive), but with the
advantage of being applicable to cantilevers of all shapdssi&es. Photothermal excitation allows quantitative
imaging in all environments, and the benefits are espeaialigworthy in liquids, where blueDrive enables stable
imaging for hours. The only drawback is that cantilev@isy require a gold coating to achieve high amplitudes
with photothermal excitation.

Much more details about the benefits of blueDrive are desdriib the following webinar:

“AFM Imaging and Nanomechanics with New blueDrive ™{} Phdtetmal Excitatioh
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34.1.2. How much light power do you need?

As shown in the Figure below, there are 5 Filter Cubes thabesselected. The purpose of the Filter Cubes is to
attenuate the blue light power to a desired level. Depenalintipe cantilever shape, the coating, or the imaging
environment, up to 10 mW of blue light might be necessary icedhe cantilever substantially, or as little as 0.1

mW may be enough. Choosing the right Filter Cube ensureshbaight amount of blue light power reaches the

cantilever in order to avoid having excess blue light hiftihe cantilever. This minimizes cantilever heating and
maximizes the performance of blueDrive.

Figure 34.3.: blueDrive unit with 5 Filter Cubes for setting the power level of the blue laser
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34.2. Hardware components

34.2.1. Table of parts

Itm Part # Item Description Qty Picture
The main blueDrive

N 934.001 | optomechanical unit comes 1
premounted onto the Cypher head
Filter Cubes (900.266.01-05),

N 900'326'01_ labelled by their gain factor: 0.01x| 5
0.03x, 0.10x, 0.30x, or 1.00x
blueDrive Accessory Kit
290.169 Hex Key, 2mm

N 934.005 900.249 Gold sample 1
934.006 Opal Diffuser

N 901.803 blueDrive Optics Cover 1
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34.3. Switching Filter Cubes

34.3.1. blueDrive Optics Cover (optional)

The blueDrive Optics Cover (901.803) magnetically
attaches to the View Module bridge as shown in the
photograph to the right. It serves an aesthetic
purpose, and therefore is not required for proper
functioning of the Cypher system.

34.3.2. Changing Filter Cubes

The standard blueDrive package comes with 5 Filter Cube3.286.01-05), labelled by their gain factor: 0.01x,
0.03x, 0.10x, 0.30x, or 1.00x. The spare Filter Cubes dodkeiCypher door when they are not in use, as shown
in Figure 34.4 on page 358

Figure 34.4.: Spare Filter Cube docked on the Cypher door.

Changing Filter Cubes is easy. Simply grip the Filter Cubeinted to the blueDrive unit as shown below. Pull
on the Filter Cube directly away from the blueDrive unit, toas the front of the Cypher, as shown by the red
arrow.
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Figure 34.5.: Remove the Filter Cube by pulling directly towards the front of the Cypher.

NOTE DO NOT apply torque on the Filter Cube.

To install a new Filter Cube, simply locate the Filter Cubgioximity to its final position. Make sure that the
gage pins line up with the holes on the blueDrive unit. OneeRiiter Cube is close to being in place, let go of
the Filter Cube and let the magnetic force position the Fltiebe appropriately.

Igor automatically recognizes the Filter Cube and scale® dmplitude (in mW) in the software accordingly.

Tip Ensuring high accuracy blue spot positioning.

In some cases, the locating pins may have some
friction that prevents proper indexing of the Filter
Cube (e.g.: if some dust gets into the indexing
holes). This may lead to a laser spot positioning
error of several tens of microns. In order to ensure
high accuracy positioning of the blue spot between
changing Filter Cubes, apply a small force with your
finger onto the Filter Cube after installation. As
shown to the right, the force should be slightly
upwards to makes sure the Filter Cube indexes

properly.
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34.4. Cantilever and Filter Cube Selection

34.4.1. Choosing the right cantilever

As a general rule, gold-coated cantilevers have the besofitesmal response and lead to the highest amplitudes
for the least amount of blue light power. We recommend theofig®ld coated cantilevers to achieve the largest
amplitudes with blueDrive.

However, other cantilevers may be used, especially in egiptins which require small amplitudes. The best way
to determine if a cantilever will work with blueDrive is tonsply test it out by acquiring a cantilever tune with
blueDrive and noting the maximum attainable amplitude.

34.4.2. Choosing the right Filter Cube

The maximum cantilever oscillation amplitude that is at#dnle for a particular cantilever scales with the Filter
Cube gain factor (0.01x, 0.03x, 0.10x, 0.30x, or 1.00x). &@mple, if a 0.10x Filter Cube results in a maximum
amplitude of 100 nm on some cantilever, it is expected thad@OFilter Cube will result in a maximum amplitude
of 300 nm.

However, some cantilevers are very photothermally seesdind provide large amplitudes, such as 100 nm,
even with the lowest Filter Cube (0.01x). Using a 1.00x Fi@aibe on such a sensitive cantilever could cause
overheating and permanent damage to the lever.

As such, it is always best to start with a low Filter Cube whestihg a new type of cantilever. If the desired am-
plitude is not attained with the 0.01x Filter Cube, one calesthe Filter Cube up to attain the desired amplitude.
Once the right Filter Cube has be defined for a particularilesmet, all cantilevers with the same model number
are expected to achieve similar amplitudes (within a fagfe2), such that the Filter Cube test can be avoided in
future experiments.

Importantly, blueDrive has the best performance when thee$d Filter Cube required to attain the desired am-
plitude is used. For example, it is better to use the 0.3 Cube to drive the cantilever with 2 mW of drive
amplitude, rather than using the 1.00x Filter Cube with 2 nf\irive amplitude. Both of these Filter Cubes allow
a drive amplitude of 2 mW; however, the 0.30x Filter Cube haly 8 mW of DC light power at the cantilever,
as opposed to the 1.00x Filter Cube which has 10 mW of DC ligktgr. In other words, the same cantilever
amplitude will be attained in both scenarios, but using t®1 Filter Cube will lead to roughly 3x more heating
of the cantilever.

| Filter Cube gain factof DC power @ cantilevef Max (AC) drive amp.| Min (AC) drive amp. |

1.00x 10 mW 9 mW 1mw
0.30x 3mw 2.7 mW 0.3 mw
0.10x 1 mw 0.9 mW 0.1 mW
0.03x 0.3 mw 0.27 mW 0.03 mW
0.01x 0.1 mW 0.09 mW 0mw

Table 34.2.: Blue light power output for blueDrive as a function of Filter Cube

The Minimium (AC) drive amplitude, which is fixed in softwairie there to remind the user to switch the Filter
Cube to a lower value when requiring lower cantilever ampls, rather than simply turning down the drive
amplitude electronically via the Tune Panel in Igor.

The Figure below explains why its better to change Filter €ulather than significantly lowering the drive
amplitude in the Tune Panel. The DC power of the blue lighhatdantilever is fixed, according &able 34.2
on page 360 Meanwhile, the drive amplitude, which is the AC power madigin of the blue light at the drive
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frequency, can be adjusted continously on Tune Panel ascaithentional piezo drive. It is the AC power, not
the DC power, which determines the oscillation amplitudéhefcantilever.

FC=1.00x  FC=1.00x FC=100x  FC=0.30x
Ay=9mW A =3 mW Aj=9mW  A;=3mwW

il it

= =
£ £
_%10- -510_
11 1
0 0

time time

Figure 34.6.: The AC and DC power of the blue light are illustrated with respect to (left) changing the amplitude on the

Tune Panel versus (right) changing the Filter Cube (FC), which is the preferred option because it lowers the amount
of blue light shining on the cantilever.

34.5. Software interface

34.5.1. Software requirements

blueDrive requires version 13 or above of the AFM softwarehe Tatest version can be downloaded here:
https://support.asylumresearch.com/forum/contepgkSoftware
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34.5.2. Turning on blueDrive

| Video =l® &) Master Panel (Ctl+ 5) S
¥ SpctOn o TipPo: & Zoom 4§ Home Options ~ Capture @

‘7 Main | Thermal | Force Tune ;erMap ]

Auto Tune =

Auto Tune Low  £0.000 kHz = GJ
Auto Tune High 20,000 MHz = k)|
Target Amplitude 4.00V = 2]
Taiget Peicen: 0.0 % g 7
Auto Tune 2

Manual Tune
Drive Frequenzy 4.279 MHz & 7

Sweep Width  75.000 ki Iz = 2]
Drive Amplitude 100,00 : 2
Q Gair 0.0000 = 2|

Tune Time 0.95S = gl
Phase Cfise: 0.00 ° = |
InputRange  Auto [£1] F:\ al
Confinuous | 2]

|
[ oneTune | 2
[
|

Center Phase 'l

Other Things
Dual AC Mode | 2
2
1 Which Lockin CyplierA \;‘ 7
| £ Drive
Piezo Drive 5
liia Check Ho der | 2)
S LR Default 7
& Graph
* Engage
Tune Pangl setup 3 o

Zoomi80  Coords:3625,5415pm 34

* blueDrive can be turned on by selecting the “blueDrive’iopbn the Tune Panel, as an
alternative to the conventional “piezo drive” - see above.

* In blueDrive mode, the drive amplitude changes from urfit8/6 to units of “mW” to remind
the user that the cantilever is driven by blue light power.

 Also note that there are new View Module controls that appethe Video Window when
blueDrive is selected. These will be used in the followingties.

Tip: Reducing sample exposure to blue ligkihen blueDrive is turned on, the blue light spoay be
directed at the sample inadvertently. If sample exposubdu® light is potentially problematic, it is
advisable to retract the cantilever from the sample as fpoasible before turning blueDrive on.
Then, the cantilever should be approached towards thecguofaly once the blue spot is positioned
at the base of the lever in order to avoid unnecessary expostine sample.

34.5.3. Positioning the blue spot

The blue spot may be positioned in several ways using the oeivals that appear on the View Window once
“blueDrive” is selected on the Tune Panel, as shown in pres/gzction.
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" Video =lcE ="

¥ SpotOn o TipPos & Zoom ¢ Home Options v Capture @

The blue box can be toggled. When enabled, the
blue box displays the blue spot location on the View
Window, as shown to the right. If the blue spot is
not incident on a reflective surface, such as the
cantilever, it may be impossible to see the blue spot.
However, the blue box indicates the position of the
blue light spot, which is known to Igor because of a
photodetector inside the blueDrive unit which
measures the location of the blue speforeit

reaches the cantilever and sample.

* Video
¥ SpotOn o TpPor Q Zoom ff Home Opfioms = Capture  [L3

 Right-clicking on a partiular location of the View Windowa clicking “Blue SpotOn” automatically
moves the blue spot to that location.

SYLUM
ESEARCH

an Oxford Instruments company Page 363



Ch. 34. blueDrive™ Photothermal Excitation Sec. 34.5. Soft  ware interface

B =E [5TVids ==

......

¥ St o Tplos R 7aom @ —ame  Opions = Coplanr

Zram: R0 Cnorde 434 420 pm

A

A ZramiRO  Cnarde 634 3400 jim

* (left) The blue arrows on the top/right of the View Windowndae used to move the blue spot
position in all directions. If enabled, the blue box follothe location of the moving blue spot.

* (right) Clicking on the center circle in between all four@xvs commands the blue light to move on
top of the infrared detection light spot.

34.5.4. Acquiring a cantilever tune

» The optimal location for the blue spot for best
photothermal performance is the base of the
cantilever, along the axis of the cantilever. An
example of the optimal location for several
levers is shown on the right.

 For hollow triangular cantilevers, the blue
spot should be placed at the base of either of
the cantilever legs.

bio mini

triangular lever

Although it is not necessary to fine-tune the blue spot locatt may be beneficial in certain cases to move the
blue spot with the arrows near the cantilever base in ordiéndcthe position with the maximum amplitude.
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34.5.5. Operating on the thermal resonance

The true resonance of the cantilever is best determineddrfitto the thermal spectrum of the cantilever. This en-
sures that the cantilever is being driven at its true resomamhere the phase response is 90 degrees. For ultimate
accuracy, the thermal should be acquired with the blue pgisttioned where it will reside during imaging.

So, note that it is not actually necessary to acquire a eaetitune before imaging. Taking a thermal and fitting it
to set the drive frequency to the cantilever resonance nffigesuThat being said, cantilever tunes are very useful
in determining whether everything is functioning apprapely.
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35. Air Temperature Controller (ATC)
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35.1. Overview

This chapter covers the installation and operation of theh@y ATC (Air Temperature Controller).

If the temperature of your laboratory varies by more thannaténths of a degree over time (almost all labs do),
your SPM images may be suffering from distortion due to défaial thermal expansion and contraction of the
entire instrument. The Cypher ATC can improve the situapgently forcing filtered temperature controlled air
through the AFM enclosure.
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Room temp. plus 5°C +0.1°C H

Figure 35.1.: Basic Diagram of ATC airflow. Cool lab air enters via a HEPA filter at the bottom of the Cypher ATC
and then passes through fans and heater coils and travels via corrugated hose to the Cypher enclosure. Temperature
signals travel from the Cypher back to the ATC (dotted line). Air exits the Cypher from the bottom rear.

The Cypher ATC is a box containing a heater/fan sub-assemndyan electronics board for controlling the
amount of heat generated and the volume of air flowing intdyxgher SPM enclosure. The interior temperature
of the Cypher enclosure is regulated by a software drivedifaek loop that controls the ATC system’s heater to
maintain the temperature of a thermal sensor located onetledf the Cypher SPM chassis.

The temperature in typical labs will vary by a few degreesmiuthe course of the day, often oscillating due to

the turning on and off of air conditioning. The ATC will coemtthese temperature swings by adding more of less
heat to counteract these temperature swings. Since the Am©my add heat, the temperature setpoint must be
set above the maximum temperature swing of the laboratgigdlly 2-5 C above the average room temperature.

The ATC is not designed as an environmental controller teedtie working temperature of the sample.

35.1.1. Good Practices

To get the most out of your Air Temperature Controller, péefdlow these guidelines (even if you don’t own an
ATC, they will improve your imaging stability):

A laboratory with decent temperature control will alwagad to improved imaging stability. Typically a
windowless room with air conditioning operating at all tisris preferred.
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« Do not place your Cypher AFM in strong air currents, suchramfan air conditioning vent. If you have
no choice, fashion some sort of air deflector panel.

« It can take between 6 and 12 hours for all the metal and coemsrof the cypher AFM to thermally
stabilize. Therefore the best approach is to always lea/€tpher AFM turned on and the ATC regulating
the instrument temperature. If you wish you can turn off #heel at night to extend its lifetime, but note
that there may still be a period of thermal drift even frormtag on the laser.

» Keep the enclosure door closed as much as possible. Onlyibpéefly when exchanging samples or
cantilevers.

« Keep critical items, such as spare cantilever holdersesdmare inside the Cypher enclosure. This will
ensure all parts are at the same temperature. Some peapleals the cantilever holder changing station
(seeStep 9 on page 43nside the enclosure to prevent the cantilever holder fcowling down during tip
exchange. Needless to say, work quickly when replacing tips

35.2. Parts List

Itm Part # Item Description Qty Picture

1 901.901.1 | ATC Unit. 1

2 330.002 | Air Hose. 1

3 113.407 | Hose Fitting. 1

4 279.066 | Hose Clamp. 1
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Itm Part # Item Description Qty Picture

5 409.002 | AC power Cable. 1

6 449 025 ATC Control Cable. 1

7 448.088 Auxiliary Temperature Sensor.

8 290.118 5/64" Hex wrench. 1

35.3. Hardware Setup

35.3.1. Power requirements

The ATC has a fixed power input for use with either 100/120VAQ20/240VAC. In all cases the power should
be single phase power where the mains supply has a load atrdliie in addition to an earth ground.

During normal ATC operation the voltage on the load line isdpped” with a circuit to supply pulses of current

to the heater coils in order to vary the amount of heat geedrakhe return path of the current from the heater
flows to the neutral line which is essentially at OV relativestarth ground. The chopping circuit is only on the

load line and cannot operate correctly with 2 phase power.

The ATC has built-in sensors on both the load and neutra$ ltnemonitor their condition. If the sensor on the
neutral line detect a voltage higher than 10VAC, the systeélirdetect a fault state and the software will display
an error message indicating that 2 phase power is present.

Please consult your facilities personnel to establish meair not you have the proper supply voltage in you lab.

35.3.2. Connect the ATC air hose

The hose feeding the ATC air connects to a fitting on the lovedfrdf the enclosure. If the ATC was purchased
with the Cypher, the fitting will be attached. If the ATC wasegparate purchase after the Cypher, the fitting will
need to be attached using the following instructions.

1. Shutthe ARC2 controller power off.
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Disconnect Cypher cables: Disconnect:

* The Motor Power

» The Main controller cable
2. * The USB cable

e The Fire wire cable

Note For ease of installation only. If you have unobstructed sste the back of the Cypher then
you may choose to leave the cables connected.

3. Position the Cypher so you have access to the back of thesmelo

Remove cover:  The air inlets and outlets need
to be uncovered.

 Locate the 5/64” hex wrench.

* Remove the six screws holding the cover
onto the enclosure

* Remove the cover and save with the other
Cypher accessories

Install the air inlet fitting:

* Insert the fitting into the hole in the
enclosure. The end with the short flange

S. goes in the hole.

 Secure the fitting onto the enclosure using
four of the screws you removed with the
cover.

Install the air hose:

» Adjust the hose clamp so it fits loosely over
the hose.

6. » Slide the hose clamp onto the hose.

» Push the air hose over the fitting on the
enclosure.

» Tighten the hose clamp to secure the hose to
the enclosure.
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Connect the air hose to the ATC:

 Place the ATC on the floor below the table
under the Cypher.

» Move the Cypher back to its normal
location.

* Route the air hose over the edge of the table
and down to the ATC.

» Push the hose into the exhaust hole on the
back of the ATC. Start by guiding the end of
the spiral wire inside the hose into the hole.
Gently push the hose and allow the wire to
go into the hole on the ATC until about 1 to
1 1/2 turns of the wire is inside the ATC.

Note You may need to install the ATC next to the
Cypher if your instrument position does not allow
you to have the ATC on the floor. Be aware that
the ATC has two small fans which can possibly
induce vibration into the system.

35.3.3. Connect the ATC

bt e e
Connect the ATC control cable:

» Connect the cable to the connection labeled

1. ATC on the backpack.

* Route the cable over the table and down to
the ATC unit.

» Connect the ATC Control cable to the ATC.

2. Connectthe AC power cord to the ATC and plug it into wall pawer
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Reconnect the Cypher cables: Reconnect:

| -
[HE:
o
i
=
|
=
IE
-
-~
J
B
A
A
3

* The Motor Power

* The Main controller cable
e The USB cable

* The Fire wire cable

The final result is shown in the photo to the right.

Plug in remote temperature sensor:

* As shown to the right, connect the auxiliary
temperature sensor.

* Locate the sensing end in a place where it is
sampling the room temperature. Choose a
location away from warm instrument

enclosures or plumes of warm instrument
exhaust air.

35.3.4. Power-up and Software Initialization

1. Turnthe ATC power on.
2. Turn the ARC2 controller on.

3. Re-Start the AR SPM software and home the Cypher motors.
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Check connectivity:

* In the status bar of the software, click on the
“gear” icon and confirm that the ATC is
indeed in the list of attached instruments. If
not, please check all the cable connections
and click on the “recycle arrows” and then
the “gear” again.

35.4. Operation

With the ATC connected and software running, from the maimuniear selectFM controls >ATC to open the
ATC control panel. The control panel is broken into sectionataining controls grouped together based on
function. Like all the other control panels in the softwaaeletailed explanation for each menu item can be seen
by clicking on the “?” button to the right of the item of intete

"W ATC Panel SCia)
Temperatures
Head 301°C @ _
Sensor0 4.9°C il e 4 4l
ExitAir 29.8°C 2]
@ Data
Sensor1 4.9°C = Live Graph 1icre |
ATC Case 245°C . ooomin )
Heater Case 30.2°C = Base Sufix 0000 -
Setpoint 30.1°C . —
Dats History | save | @
Controls = _
Mode| on [z] (@ ReviewSuffx  Select
Heater Output 0.00 % | @ Review Graph[More | |Less. @
Feedback 'On @ Of (7 ] @
" AutoFan -
TargetTemp 4.9°C | @ o
Ramp Rate 5.04 °Chr @
[ SaeStateasDefaut | [2 Selup
Dat»
oh 1 v

Figure 35.2.: Typical View of the ATC control panel.
The ATC control panelKigure 35.2 on page 3Jallows you to control every aspect of ATC operation. allbw t
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user to adjust the conditions for both heating and air flover€tare two basic mode settings:

Manual Temperature control feedback operates based on values ityjgethe ATC panel. When the AR SPM
software is exited or restarted, temperature control giiitss mode is typically used for the first few days when
optimal parameters are being determined. Once these pt@nage saved into ATC firmware, auto mode will
likely become the typical ATC setting.

Auto The ATC operates autonomously based on values stored imitwdire. It will continue operating as long
as the ARC2 controller is turned on, regardless of what tfievace is doing. This will likely be the typical mode
of ATC operation.

Please read on for more details.

35.4.1. Manual Control

] ATC Panel == ==
Temperatures
Head 28.1°C (7
Note the room temperature: i
Sensor0 4.9°C 2]
1 + From the ATC control pan.el,. note the Eil hit o e Al
' ‘sensor 0’ temperature. This is the room )
temperature based the external sensor e i
connected irStep 4 on page 372 ATC Case 254°C 2]
Heater Case 27.7°C @]
Setpoint 28.0°C [2]
Controls

Choosing the temperature setpoint: 5
9 P P Mode  Manual E (@
» Make sure the feedback is set to off. Heater Output [0-68 % (2]
» Make sure the mode is set to manual. FanSpeed 3922% | Off 7

e Set theTarget Temp’ to ~3 degrees C above
5 the room temperature recorded in the Feedback @ On 1 Of 2]

' previous step. 7] AitoFan
e Check that the ramp rate is 5C/sec and -~ =
. B |
change if necessary. SSHGELEERIR | 26.0 °C &
Ramp Rate 5.04 °Cihr [2]
Note Target Temp is the temperature setpoint for

the ATC temperature feedback control. _ Save State as Default | 7
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Controls
Mode,  Manuszl E &l
Heater Qutput | 0:68 % (7]
FanSpeed 3922% | (1 Of  [2]
Set fan speed:
3 « Start with a fan speed of 100%. Feedback'@ On (L Of (7]
« If you find imaging artifacts related to the ["] AutoFan
fan, consider lowering the speed. TargetTemp | 28.0°C B
Ramp Rate 5.04 °Cihr (2]
| SaveStateasDefaut | (2
Data

Display datalogging:  It's important to be Live Graph fjore| [Less| [2
aware of how well the temperature feedback is Time History | 0.00 min [z 2]
operating so you should get used to monitoring the Hase Skl 0001 s @

temperature data history: _ —— .
DataHistory | Save| [Clear|  [Z

4. * Live graph - Click on theMore’ button once
to display the graph. Click on thstore’ ReviewSufix 0000 | ~| 2
button multiple times to add sensors to the Review Graph | [jor= = | Less | k2
data plotted.

» For more information on datalogging,
please seSection 35.7 on page 379 Note Even if you don't display the data, it is
logged nonetheless for later inspection.

Controls

Turn the feedback on: Model  Manual E el
* Click the feedback control to ON. Heater Qutput [0.68 % (2]
» Over the next hours observe the heater Fan Speed |3022% | () Off [7]

power variation and the head temperature
5 converging on the temperature setpoint. Feedback '@ On 1 OfF [37]

' A properly operating system will apply (] Atk s

between 5% and 15% heater power to keep -~ o
the head temperature within 0.1C of the S 20 0 0 L2
setpoint. Ramp Rate 5.04 °Cihr [2]
_ SaveStateasDefaut | [?)

35.4.2. Further Description of ATC Controls

Heater Output This controls the amount of power provided to the heatingscaihe power can be adjusted to
50% power. Typically the amount of power required to mamtaemperature stability is under 5%. Although not
recommended, you can use this control to briefly send a béitsbtoair into the enclosure to accelerate initial
warm up time.
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Fan Speed Has a range of 0% to 100% and is variable from 39-100%. In cabese you are scanning near
atomically flat surfaces, you may see periodic noise fronfahe. Reducing the fan speed will eliminate this but
be aware that you need to circulate air through the Cypherdardo maintain thermal stability. In most cases,
reducing the speed to 39% for a few hours will not be a probleroag as the lab temperature is sufficiently
below the Target Temperature. Noise levels from the fan®& S8how negligible to no effect on the Cypher’s
performance.

Feedback On/Off. Enables the feedback loop which controls the hgaierer to maintain a constant head sensor
temperature.

Target Temp. The final temperature to be maintained by the feedback loop.
Ramp Rate Rate at which the ATC adjusts the current Setpoint Temperatuachieve the Target Temp.

Note The Setpoint Temperature is located the Temperaturesagigpéa. This is a transition temperature based
on the ramp rate parameter changing the feedback loop'smuwperating point to the Target Temp

35.4.3. Explanation of Temperature Sensors
There are three temperature sensors located inside the WaiCate primarily used to monitor the operating
temperature of the unit while it's being used.

ATC Case This sensor is attached to the inside wall of the ATC box. ltsed to monitor the incoming air from
the room which is essentially the room temperature.

Heater Case This is a sensor mounted directly on the portion of the héfaarassembly containing the heating
coils. Typically used for diagnostic purposes in case oflogating.

Exit Air This sensor is mounted directly in the path of the outgoinguat inside the hole where the air hose is
connected to the ATC. Used for diagnostic purposes.

Head Temperature This sensor is located on the back of the Cypher Chassis dbnah above the rear air vent
in the enclosure floor. This sensor is used by the ATC as thmeagpyi feedback source. Its location allows the
sensor to be shielded from abrupt thermal changes when tiréglopened.

Sensor 0 Input connection on the outside of the ATC unit. For auxjliase.
Sensor 1 Second input connection on the outside of the ATC unit. Failiany use.

The ATC is shipped with 1 remote temperature sensor. Thsosaan be used as the feedback sensor or to simply
monitor some specific place in your setup, or, as suggestageato monitor room temperature.

The ATC Case sensor is a reasonable second choice indidatoe tab temperature if you have are using the
auxiliary sensor (seBtep 4 on page 3j2or another purpose.

35.4.4. Automatic Operation

After a few days of data logging you will have characterizeel temperature swings in your laboratory and will
have chosen an ATC temperature setpoint which is a few degiem/e the maximum daily room temperature.

Your goal is to run the Cypher AFM as cool as possible sincertfinimizes thermal
Tip shock to the instrument when the door is opened. Ideally yawse this setpoint so that
the ATC is producing heat at about the 5% level when the roonpé&sature is maximum.

Now is a good time to store the values of the ATC panel in theviiane of the ATC unit itself with the following
single step:
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1. Under thecontrols’ section of theATC Panel, click on the'Save State as Default’ button.

Setting the ATC to automatic mode is also easy:

Controls
Mode  Auto E (2]
) aatar Ot ) B, '?_i
Setting the mode to Auto: Heater Output |0.20 % @l
. Fan Speed | 100.00 % off 7]
* From the'Mode’ pulldown in the ATC Panel,
1 SeleCl‘Auto - ) Feedback (@ On off 2]
' * You will notice that some values will _

become “grayed out” since they are now e
controlled by values stored in the ATC Target Temp |30.0°C (2
firmware. Ramp Rate 5.04 °Cihr @
Save State as Default (2]

During operation, the ATC feedback will be maintained aglas the power to the ARC2 controller and ATC
unit are left on. Exiting the software will not interrupt tA& C operation.

35.5. Enclosure Door Function

When the enclosure door is open, the ATC cannot realisiestiémpt to control the temperature inside the Cypher
enclosure. Therefore the ATC senses the opening of the aabteanporarily freezes the feedback process but
keeps the fans running and also keeps the air heater power saine level when the door opened.

Once the door is closed again (we urge you do this quicklySes¢ion 35.1.1 on page 3pthe air keeps blowing
for about a minute and then the feedback automatically resuivou will see the LEDs on the front of the ATC
change colors while this is happening. More on the LEDs imiind section.

35.6. ATC Front Panel LEDs

The LEDs on the front of the ATC unit provide a basic visual cegrading the condition of the system.

If all three lights are green, the ATC is functioning proyeaxhd attempting to control the
Summary temperature inside the Cypher enclosure. For any other ic@tidn of colors, please read
further.
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| LEDs

ATC temperature control OFF: The ATC power
is on, the Cypher enclosure door is closed and the
ATC Feedback is OFF.

¢ This is a normal condition until the feedback is
activated in the software.

Normal Operation, ATC ON, and controlling
temperature. The ATC is on, The door is closed
and the ATC Feedback is ON.

¢ Normal condition where the system should be.

Note If the ATC was just activated, the lights do not
indicate if stable feedback has been reached.

Feedback ON, but door open: The ATC is on, the
door is OPEN and the ATC feedback loopis in
Standby mode.

e This is a typical condition when the Cypher
door is opened during use.

¢ When the door is opened, the feedback loop is
paused and the software holds the fan and
heater power steady. Feedback resumes a few
minutes after the door is closed again.

Note Be aware that the longer you keep the door
open the more unstable the interior will become due
to heat loss. It is good practice to open the enclosure
door only long enough to remove the cantilever holder
or exchange samples in the instrument.

Note Close the door when exchanging the tip in the
cantilever holder or when you are prepping a sample.
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Door just closed, but feedback still on hold: The
ATC power is on, the door is CLOSED and the ATC
Feedback is in Standby mode.

e The is a typical condition when the Cypher
door is opened and closed.

e The Feedback loop will stay in standby mode
for an additional 30 seconds and then reactivate
automatically, turning all three lights to green
again.

35.7. Data Logging

The data logging area allows you to monitor the temperateineas as well as the fan speed and heater power
over time. You already encountered it4rand we’ll follow up here with some more detail.

Please refer to the data section of the ATC panel Bgere 35.2 on page 373

Live graph Click on the'More’ button once to display the graph. Click on there’ button multiple times to add
sensors to the data plotted.

Data History Click on the'Save’ button to capture the history of the data.

e The data history is saved with the experiment. To reviewdidita click on the pull down arrow attached to
the 'review suffix’ menu item. Select the particular dataysmt wish to review and hit the ‘'more’ button to
load the data into a graph.

Clear Erases the data in the graph and restarts the data acqui@osure to use thgave’ button first or those
data will be lost.

Note Remember to click on the’ button to the right of any menu item for a description of itadtion.

Some example logged data are showirigure 35.3 on page 38 hese particular data log shows an ATC unit
under feedback set for 29 degrees C. The fan was set to 100%
Notice:

« The data between the green lines. The feedback loop hathehueater power off. The Cypher was already
warmed up so all that needed to happen was for the fan to cedighd sensor down. At this point the
ambient temperature is rising high enough so that the famsoticool the enclosure temperature down to
maintain 29 degrees. This is indicated by the head temperatcreasing above the Target Temperature

Note Thisis an example where the Target Temperature should $edraidegree to allow the ATC to regulate the
enclosure air temperature better. Ideally the target teatpee is set so that the ATC never applies 0% power. That
means when your lab is at its maximum daily temperature swivag the heater is still able to control temperature.

This is an example of the ATC running with the Target Temperaset to 30 degrees C.
Notice:

* The head temperature is now equal to the target temperature
* The heater power is between 2 and 15%. The ATC fan is stilD@¢d so air flow is constant.

Note This is an example where the Target temperature is set highgénabove the room temperature to allow
the head temperature to remain constant.
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=54

Output (%)

— Head
-104 — Sensor 0
= Setpoint
15% — Heater

30°C

29 PRSI

28+

27+

25-\\ M/l/_\\‘\/’/\ww\ A

Temperature (°C)

12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM
2012-06-23 2012-06-24 2012-06-25
Date

Figure 35.3.: Sample Data Log

35.8. Using the Remote Temperature Sensor

35.8.1. Inserting the Sensor Inside the Cypher Enclosure
Step 4 on page 37dready suggested using the remote sensor for measuringtemoperature, but there are other
uses.

The Remote Temperature Sensor can be used to monitor thetatue of a particular location inside the Cypher
enclosure and can even be used as a feedback source for the ATC

1. Turn off the power to the ARC2 controller and the ATC box.

Connecting the Sensor ~ Plug the remote
temperature sensor into either Sensor input
connector on the back of the ATC unit.

» The temperature will displayed on the
corresponding sensor channel in the ATC
control window.

 Hold the sensor between your fingers and
watch the temperature rise as a test.

 Log the sensor data in the data logger as an
additional channel.

Note Additional sensors can be purchased from
Asylum Research.

3. Remove the top of your Cypher enclosure by following thesgurctions:?? on page??.
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20%
— Head
= Sensor 0
z 154 = Setpoint
< = Heater
5
g
3 10
5_
30°C ..
29+
8 28+
g
2 27+
o
2 26
E
2 25
24
I I I I
12:00 PM 12:00 AM 12:00 PM 12:00 AM
2012-06-25 2012-06-26 2012-06-27

Date

Figure 35.4.: Sample Data Log

Insert Sensor inside the Cypher enclosure:

* Insert the sensor into the exhaust port on the
back of the enclosure.

 Pull the sensor cable up through the space in
the back of the enclosure.

» Locate and secure the sensor in the position
you wish to monitor.

5. Replace the top of the enclosure. $&on page??.
6. Turnthe ARC2 and ATC power back on.

7. You can now monitor the sensor from the ATC control panel®ddta logging function.
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35.8.2. Using the remote sensor for temperature feedback co ntrol

Serial Number: 13047

Parameters

Open the ATC default parameter window:

1. ¢ Click on the device list (Gear Icon).
e SelectATC > Parameters > Default.
Mode |Custom
Select the feedback sensor:
Feedback |On
¢ Change the feedback sensor to the sensor -
input channel you are using. HestecE VN |'[:| |
5 ¢ Set the change by clicking on th&rite’ FanPWM |1DD |
' button. -
Feedback Sensor
NOTE: This will change the feedback sensor T T
temporarily. The software will default to the Head
Sensor when you exit the software. Ramp Time _
PGain |100 |
e 190 [i

35.8.3. Permanently assigning feedback control to the remo  te sensor

NOTE: This change is not advised in a multi-user facility or fordgerm use. If you feel strongly that the location
of the standard head feedback sensor should be differar@nibe relocated. The sensor is on a 12" cable and
can be moved or a replacement sensor can be purchased atithgaving the original one in place. Please
contact Asylum Research for additional information.

Serial Number: 13047

| Parameters Default |
Open the ATC default parameter window: : Ping

¢ Click on the device list (Gear Icon).
¢ SelectATC > Parameters > InfoBlock.
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| £ ATCInfoBlock
DateVitten  2012-06-06 [
SerialNumber | 13047 D
DeviceRevision ;1.18
BoardRevision 311 Mad
Permanently select the remote feedback o
sensor: :

Note | _
» Change the feedback sensor to the DefautFeedback | On : Pawe
2. appropriate input channel. DefauttHeaterPWM [2 | Feedbackr
* Click on Write to save the change. DefauttFanPWH E255 5 Devi
» Rescan the smart start bus by clicking on P [_'s'eqsqueﬂd <] Temper
the blue spiral button or close and open the DefauitTargei Temp | SENS01 Head i s

software. LI ’
DefautPGain  Sensor 1 | MaxCoolin
DefaultGain fizﬂ Mir
DefauttDGain |0 Max

PGainSosing |5 '

(W

35.9. Error messages

35.9.1. ATC Messages

The messages area on the ATC control panel (s€égure 35.2 on page 3Y3hows the current operating state
of the ATC. The window is typically green indicating normadeyation with no errors. If an error occurs, the
message box will turn red. Clicking on the 'Details’ buttoil wop up a window with a description of the error.

35.9.2. Critical Error messages

Any time a critical error is generated, the ATC will go into ate where all heating capability is disabled. A
critical error requires that a service technician resetsygtem. In the event of a critical error, please contact
Asylum Research for assistance. A report log is generatélebgystem computer which can be sent to us to help
diagnose the reason for the error. Please go to: my docutasyltsmresearch\devices\ATC. In the ATC folder
you will see a file called ERRORDUMP.PXP. If there is more thae error dump file, please send us the newest
one along with a brief description of any events that may beflien troubleshooting the problem.
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35.9.2.1. Error: Overheating

| ATC Message Panel =2 (=] l -

Errors

Errar: ATC heater is shutdown due to overheating.
Resolution . Please contact Asylum Research.

Warnings

Ifthe errors have been resolved, please "Clear Errors™ to resume operation.

Clear Errors

This error is the result of the ATC overheating internallyiethhas caused one of the two thermal switches to trip.
A high pitched audible alarm will also sound. The possiblesoms for this error to happen can be:

* The Heater power is set too high for too long in the manualenddhis will cause the heater case to overheat
and trip its safety switch. To avoid this, do not drive theteepower at max power for more than a minute
or keep the heater case temperature below 50C

» The exit air is too hot causing the thermal switch in the axitto trip. It is possible to run the heater at
max power with the fan set to 100% for a longer period of timeisTwill keep the heater case cool but will
generate too much hot air and will over heat the heater hdseeXit air switch trips at about 70C.

e The door on the enclosure is not latched completely. If thar @ left ajar, it may be closed enough to keep
the door detection switch closed. This essentially alldvesdir to escape and forces the ATC to ramp up
the heat to try to compensate for the heat loss.

e The ATC air hose has fallen off or is disconnected. Sametdn as above. The interior of the Cypher
enclosure is cooling down while the ATC continues to heatrying to compensate.

35.9.3. Noncritical Error messages

Noncritical error messages indicate a problem with thepsahd can be cleared after the fault is corrected. After
the error is cleared, the message box will turn green andumndtion of the ATC is restored.

35.9.3.1. Error: Head Temperature Not Updating

B ATC Message Panel ===

Errors

Error : Head temperature not being updated.
Resolution ; Rescan the device busses.

Warnings

[fthe errors have been resolved, please "Clear Errors” to resume operation.

Clear Errors
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This error is caused by the Feedback Sensor (Head Sensdigingtread. The possible causes can be:

e The ATC power was shut off for more than a minute while thévgafe was running.
< A change was made to the ATC's infoblock programming.
* The software was started with the ATC off and then the ATC @owas turned on.

Note Click on the blue spiral button to the left of the device liBhis will rescan the smart start bus. Alternately,
you can power cycle the ARC2 controller to force a smart sestan. Finally you can exit and reenter the
software.

35.9.3.2. Error: Reverse AC Power Polarity

5 | ATC Message Panel E=EOE >

Errors

Error : ATC is not compatible with 2-phase AC power.
Resolution : Use a single phase AC power source.

Warnings

Ifthe errors have been resolved, please "Clear Errors™ {o resume operation.

| Clear Errors

This error is caused by faulty wiring in the wall receptacle.
Usually only happens on new installations or if you've relted the instrument to a new location.
Reverse plug on non-polarized receptacles.

Note Contact your facilities personnel to confirm correct wirggsts. Once repaired you can clear the error.

35.9.3.3. Error: 2 Phase Power

5 | ATC Message Panel E=EOE >

Errors

Error : ATC is not compatible with 2-phase AC power.
Resolution : Use a single phase AC power source.

Warnings

Ifthe errors have been resolved, please "Clear Errors™ {o resume operation.

| Clear Errors

The ATC requires single phase power. This error is typicedlysed by the wrong type of wall power or:

* The earth ground connection may be faulty
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e There is current flowing in the neutral power line which maglicate a disconnected neutral line and the
return path is though the earth ground connection.

Note Contact your facilities personnel to confirm correct wirggsts. Once repaired you can clear the error.

35.10. Alarms

The ATC has two thermal switches that will trip an audibleriadavhen their respective temperature is reached.
The alarm is an indication that an unsafe temperature has te@xhed inside the ATC. This condition will
generate a critical error to display in the status box ande#iue ATC to go into a disabled state until the error is
cleared by a factory service technician.

In the event that the alarm sounds and the ATC does not shhetter power off, an additional thermal switch on
the main AC power will activate turning the unit completef§. @ his switch will reset after the ATC has cooled
down but will reactivate if the unit continues to overheat.
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Part VI

Set-up,Shipping, Maintenance and
Troubleshooting

Who is this part for?>  Every new user should read the safety section at least ogeulfieed to move your AFM
or ship it to Asylum Research for any reason, please corfsalhtanual. Beyond that, this portion of the manual
will probably not see much day to day use.
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Ch. 36. Shipping or Moving

36. Shipping or Moving

CHAPTERREV. 2089,DATED 07/26/2019, 17:44. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

Please contact your nearest Asylum Reseach office or digiritor send an e-mail to
support@asylumresearch.com in case you are contemphatwing or relocating your

Warning Cypher AFM. The inustrument can be damaged if moved impippeitaken apart
incorrectly. Opening the enclosure may also lead to unsafat®ns as the enclosure
protects the user from potentially harmful electronics Eseér radiation.
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Ch. 37. Cypher Setup

37. Cypher Setup

CHAPTERREV. 845,DATED 03/06/2012, 20:12.

Chapter Contents

BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.

37.1 Facilities Requirements . . . . . . . . . . . e e e e e e e e e e e e e 390
37.2 Cable Connections . . . . . . . o e e e e e e e e e e 390

37.1. Facilities Requirements

37.2. Cable Connections
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Ch. 38. Troubleshooting and Maintenance

38. Troubleshooting and Maintenance

CHAPTERREV. 2106,DATED 09/18/2019, 12:37. BERGUIDE REV. 2110,DATED 09/20/2019, 16:35.
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38.2.24 Dell T1650 . . . . . . o o e 393

38.2.2.5 Computers that do not have two USB 2.0 host controllers . . . . . . . . . .. 394

38.1. Maintenance

Cypher is a maintenance free instrument. The exterior hgusan be cleaned with a damp cloth using a non
agressive solvent like isopropyl alchol.

There are no user maintainable or user serviceable paide ithe instrument.

If necessary, fuses in the AFM controller can be replaceccased. Se€hapter 3 on page 21

38.2. Using a USB drive causes Cypher to lose communication

38.2.1. Problem Summary
A USB memory stick or portable USB drive is plugged into thentrpanel of the computer, causing all sorts of

communication errors to show up in the Igor log window. A cusér may report only the communication errors,
not remembering they were using a portable USB device atrifee t

38.2.2. Workarounds
38.2.2.1. Dell T3400 and T3500

* Plug Cypher, ARC, mouse and keyboard into lthg#om USB ports as shown in the picture below.

* USB 2.0 devices like USB drives and printers and LCD mortitalos may now safely be plugged into the
remaining non-circled ports, including the two USB portgloa front of the computer.
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Ch. 38. Troubleshooting and Maintenance Sec. 38.2. Cypher U  SB Problem.

38.2.2.2. Dell T3600

« Plug Cypher and ARC into thsottom-right USB ports ~ as shown in the picture below. Do not plug Cypher
or ARC into the USB 3.0 ports (marked SS for SuperSpeed).

* Plug mouse and keyboard into ttop USB ports as shown below.
* USB 2.0 and 3.0 devices like USB drives and printers and LGibitor hubs may now safely be plugged
into the remaining non-circled ports, including the fourBJSorts on the front of the computer.

38.2.2.3. Dell T3610

* Plug ARC into theop-right USB port as shown in the picture below.
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Ch. 38. Troubleshooting and Maintenance Sec. 38.2. Cypher U  SB Problem.

e Plug Cypher into théottom-right USB port as shown in the picture below.

« Do not plug Cypher or ARC into the USB 3.0 ports (marked SSSigperSpeed).
* Plug keyboard into thep-left USB port as shown below.

* Plug mouse into theottom-left USB port as shown below.

« USB 2.0 and 3.0 devices like USB drives and printers and LGibitor hubs may now safely be plugged
into the remaining non-circled ports, including the fourBJSorts on the front of the computer.

c

38.2.2.4. Dell T1650

e Plug Cypher and ARC into thebbttom-right USB ports  * as shown in the picture below.
* Plug mouse and keyboard into theg USB ports * as shown below.

» USB 2.0 devices like USB drives and printers and LCD mortitalos may now safely be plugged into the
remaining non-circled ports, including the four USB pontstbe front of the computer.
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Ch. 38. Troubleshooting and Maintenance Sec. 38.2. Cypher U  SB Problem.

38.2.2.5. Computers that do not have two USB 2.0 host control  lers

Buy another USB 2.0 host controller on a card. Plug CyphercatylCypher into it.
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Index

About the index:

Glossary

e Page numbers are preceded by the user guide part. The twemarated by a dash.
« Bold printed page numbers are references to the definition osterm

» Other page numbers indicate the use of a term.
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