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Preface

The Scanning Probe Microscope (SPM) is not only leading the list of equipment
pioneering the nano scale world, it is also the most fundamental technology.
Subsequent to the first generation optical microscope, and the second generation
electron microscope, the SPM has every right to be recognized as a “third generation”
microscope since it enables users to experience and have a glimpse of the nano
scale world. In addition, it has significant advantages compared with manual
microscopes which passively observe samples. The SPM is like a miniature robot,
fabricating specific structures by manipulating atoms on the sample surface and using

a probe tip to take measurements of those structures.

The SPM originated with the invention of the Scanning Tunneling microscope (STM).
The STM uses a tunneling current between a probe tip and a sample in a vacuum
state to measure surface topography. As a result, it is limited in that it can only
measure conductor or a semiconductor sample. Once the Atomic Force Microscope
(AFM) was developed, however, a whole new range of measurement capabilities
became possible. Now, it is not only capable to measure non-conductors in air, but
also capable to measure the physical, chemical, mechanical, electrical, and magnetic

properties of a sample’s surface, and even measure live cells in solution.

The SPM is indeed the key toward the world of nano technology that has yet to
flourish. Also, it is an essential equipment for various researches in the field of basic
sciences — physics, chemistry, and biology - and in applied industry - mechanical and

electrical engineering.

The importance of the SPM attests to grow greater and greater in the future.
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Safety Precautions of System

This preview section describes some safety requirements and procedures related
to the general operating of the NX-Hivac in detail. This section should be thoroughly

understood before operating the NX-Hivac for your safety.

CAUTION!

If the user operates the NX-Hivac in a manner not specified in this User's
Manual, serious damage to the instrument may result.
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1. Hazard Labels
On the NX-Hivac system, there are hazard labels on the position for hazard

possibilities. Caution must be taken for the each hazard label warning.

Table. Hazard label List

Symbol Description

“ON” (power)
To indicate connection to the mains, at least for
main switches or their positions, and all those
cases where safety is involved.

“OFF” (power)

To indicate disconnection from the mains, at
least for main switches or their positions, and all
those cases where safety is involved.

“Caution, Risk of Danger”
This symbol denotes conditions or activities that
could cause damage to the equipment.

This symbol denotes conditions or activities that
could cause electrical shock or burns.

“Protective Earth(Ground)”
This symbol denotes a need for protective
grounding of equipment.

@ “Caution, Risk of Electric Shock”

1-1. Electrical Hazard Label

The Electrical Hazard label notifies the area that might cause electrical damage t
o the system of to the personnel. Care must be taken.

The Electrical Hazard label is attached to the areas listed below.

B AFM Controller

B NX-Hivac Controller
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B AFM Head
B XY scanner
® Computer
[

Monitor

1-2. Protective Ground label

The protective ground label indicates that this equipment needs to be

electrically grounded.

2. Operating Safety

2-1. Definition of safety symbols

Table shown below explains the meaning of the safety symbols — WARNING, CA

UTION, NOTE.
Table. Safety terms and their meanings

Symbols Meaning

WARNING! Alerts Users to potential danger. Consequences and
countermeasures are described. If users fail to follow the
procedures described in this manual, serious injury or instrument
damage may occur. Such damage will NOT be covered by
warranty.

CAUTION! Calls attention to possible damage to the system that may result if
users do not follow the procedures described in this manual.

NOTE! Draws attention to a general procedure that is to be followed.

Please understand these safety terms thoroughly, and follow the associated instr

uctions. It is important that you read all safety terms very carefully. WARNINGs, CAU

TIONs, and NOTEs include information that, when followed, ensure the operating saf

ety of your NX system.

i Park Systems | The Most Accurate Atomic Force Microscope
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2-2. General Operating Safety

The following are most of the WARNINGs, CAUTIONs, and NOTEs necessary to

operate the NX-Hivac safely.

WARNING!

The NX-Hivac should be grounded before its components are connected to
electric power. The main power plug needs to be connected to a three-prong outlet
which includes a protective earth ground contact.

WARNING!

Before the power is turned on, the power selections for the individual
components need to be inspected. The voltage selector switch is located on the rear
panel of the NX-Hivac Control Electronics, and it can be set to the following voltages:
100V, 120V, 230 V, or 240 V.

WARNING!

Do not open the NX-Hivac Control Electronics or the AFM head. Doing so may
result in serious electrical shock, as high voltages and electrostatic sensitive
components are used in the NX-Hivac Control Electronics and the AFM head.

WARNING!

Be cautious when loading large modules such as EC Cell or ULC onto the NX
sample chuck. They may collide with the motorized XY stage when it is moved through
a large range, and the modules and/or NX system may be damaged.

CAUTION!

Check regularly to ensure that the NX-Hivac’s cables are free from damage
and that all connections are secure. If any damaged cables or faulty connections are
found, contact your local Park Systems service representative. Never try to operate the
equipment under these conditions.

CAUTION!

All parts in the NX-Hivac system should be handled with extreme care. If not
handled properly, these parts can be easily damaged as they are made of fragile
electromagnetic equipment.
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CAUTION!

An EMI filter must be installed to maintain operating safety and meet EMC
(Electromagnetic Compatibility Compliance).

CAUTION!

The AFM head should always be handled with care. When removed from the
AFM, the AFM head needs to be carefully placed on a flat surface. This will protect the
scanner, the cantilever, and the beam alignment knobs. Never allow anything to impact
the AFM head. When separated from the main frame, it is safe to keep the head in its
storage box.

CAUTION!

Before the AFM head is mounted or unmounted from the Z stage, the on/off
switch for the AFM beam must be turned off. Otherwise, the AFM beam diode in the
AFM head may be damaged.

CAUTION!

When the AFM head is mounted or unmounted from the Z stage, ensure that
the AFM head does not sustain any damage, and that it is properly grounded. The AFM
head is extremely sensitive to electrostatic discharge.

CAUTION!

To meet the EMC guidlines, the Acoustice Enclosure should be closed while
making measurements with the NX-Hivac.

3. Compliance
3-1. FCC

FCC Label(Part 15 sec.15.19)

i Park Systems | The Most Accurate Atomic Force Microscope
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Chapter 1. Introduction to NX-Hivac

1-1. Scanning Probe Microscope

The Scanning Probe Microscope (SPM) proved a prevailing concept wrong, that
an atom is too small to be observed with even the best microscope. Now, it has every
right to be identified as the third generation microscope, with optical and electron micr
oscopes being the first and second generations respectively. Whereas the maximum
magnifying power of an optical microscope is several thousands and that of a scannin
g electron microscope (SEM) is tens of thousands, an SPM has the magnifying power
of tens of millions, enough to observe individual atoms. Even though a transmission
electron microscope (TEM) has the lateral resolution high enough to image at the ato
mic level, its vertical resolution is much weaker at observing individual atoms. On the
other hand, the vertical resolution of SPM is even better than its horizontal resolution,
making it possible to measure on the scale of fractions of the diameter of an atom (0.
01nm).

The SPM, with its exceptional resolution, not only makes it possible to understan
d the various nano scale worlds which heretofore were not completely revealed, but al
so brings the unbelievable into reality. It provides such capabilities as allowing a user
to change the position of individual atoms or to write letters by transforming the surfa

ce of a material at the atomic level.

1-2. Atomic Force Microscope

Among SPMs, the first to be invented was the Scanning Tunneling Microscope (S
TM). The STM measures the tunneling current between a sharp, conducting tip and a
conducting sample. The STM can image the sample’s topography and also measure t
he electrical properties of the sample by the “tunneling current” between them.

The STM technique, however, has a major disadvantage in that it cannot measur
e non-conducting material. This problem has been solved by the invention of the Atom

ic Force Microscope (AFM) which may be used to measure almost any sample, regar
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dless of its electrical properties. As a result, the AFM has greatly extended the SPM’s
applicability to all branches of scientific research.

Figure 1-1. Diagram of Conventional AFM’s Scanning
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Instead of a conducting needle, the AFM uses a micro-machined cantilever with a

sharp tip to measure a sample’s surface. See “Chapter 4. Cantilever Selection” for m
ore information on the cantilever. Depending on the distance between the atoms at th
e tip of the cantilever and those at the sample's surface, there exists either an attracti
ve or repulsive force/interaction that may be utilized to measure the sample surface.
See the “AFM in Contact Mode” and AFM in “Non-Contact Mode” chapters for a furthe
r discussion on utilizing the atomic forces.

Figure 1-1 displays the basic configuration for most AFMs. This scanning AFM is
typically used to measure a wide variety of samples, which have relatively small roug
hness. The force between the atoms at the sample’s surface and those at the cantilev
er’s tip can be detected by monitoring how much the cantilever deflects. This deflectio
n of the cantilever can be quantified by the measurement of a beam that is reflected o
ff the backside of the cantilever and onto the Position Sensitive Photo Detector (PSP
D).

The tube-shaped scanner located under the sample moves a sample in the horiz
ontal direction (X-Y) and in the vertical direction (Z). It repetitively scans the sample li
ne by line, while the PSPD signal is used to establish a feedback loop which controls t

he vertical movement of the scanner as the cantilever moves across the sample surfa
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ce.

The AFM can easily take a measurement of conductive, non-conductive, and eve
n some liquid samples without delicate sample preparation. This is a significant advan
tage over the extensive preparation techniques required for TEM or SEM.

Despite its many advantages, the AFM does have some drawbacks as well.

1. In general, the scanners used in AFMs are piezoelectric ceramic tubes
(Figure 1-1). Due to the non-linearity and hysteresis of piezoelectric materials,
this may result in measurement errors as shown in Figure 1-2.

2. The geometrical and structural restraints imposed by the tube type scanner
results in cross coupling of the individual scan axes. Thus, independent
movement in the X, y, and z directions is impossible.

3. Since the tip has a finite size, it is very difficult and sometimes impossible to
measure a narrow, deep indentation or a steep slope. Often, even though
such a measurement may be possible, the convolution effect due to the
shape of the tip and the sample profile may result in measurement errors.

4. Since the tip has to mechanically follow a sample surface, the measurement
speed of an AFM is much slower than that of an optical microscope or an

electron microscope.

Since the tip has to mechanically follow a sample surface, the measurement spe
ed of an AFM is much slower than that of an optical microscope or an electron micros
cope.

In general, the scanners used in AFMs are piezoelectric ceramic tubes. Due to th
e non-linearity and hysteresis of piezoelectric materials, this may result in measureme
nt errors as seen in Figure 1-2. (a)~(b).

The geometrical and structural restraints imposed by the tube type scanner result
s in cross coupling of the individual scan axes. Thus, independent movement in the X,
y, and z directions is impossible.

Since the tip has a finite size, it is very difficult and sometimes impossible to mea
sure a narrow, deep indentation or a steep slope. Often, even though such a measure
ment may be possible, the convolution effect due to the shape of the tip and the samp
le profile may result in measurement errors.

The most inconvenient aspect of using the AFM is its slow speed. As mentioned
above, since the image is obtained by the tip’s mechanically following a sample’s surf
ace, it is much slower than other microscopes that use electrons or light. The main fac

tors slowing the speed of the AFM are the Z scanner’s response rate and the respons
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e rate of the circuit which detects changes in the cantilever’s resonant frequency. The
resonant frequency of the typical tube scanner is several hundred Hz. In order to accu
rately measure a sample area with 256x256 pixels (data points), it is necessary to sca
n at a rate of about one line per second. Thus, it takes approximately 4 minutes to acq
uire an image.

For most cases, the second and third problems listed above can be minimized by
software calibration. This is a reasonably simple and inexpensive procedure that invo
Ives imaging a standard sample, (usually a grid structure with a known pitch) in order t
o create a calibration file that will be used to control the scanner’s movements when u
nknown samples are imaged. Correction using software, however, still depends heavil
y on the scan speed and scan direction, and such a correction becomes accurate onl
y when the center of the scan range used to measure an unknown sample coincides
exactly with the center of the scanning range that was used to image the standard sa
mple and to create the calibration file.

Figure 1-2. Nonlinearity and Hysteresis (a), and Cross Coupling (b) Observed in

Piezoelectric Tube Scanners
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1-3. Park Systems AFM

Figure 1-3. Z Scanner Separated from X-Y scanner

E
[0
c
c
[
%}
(7]
N

Since the conventional tube type scanner cannot move in one direction independ
ently from other directions, movement in one direction will always simultaneously affe
ct the scanner’s movement in other directions. This cross talk and non-linearity cause
d by the scanner’s three axes being non-orthogonal to another has a more pronounce
d effect in the case of measuring larger areas or flat samples. This intrinsic problem ¢
an be eliminated completely, however, by physical separation of the Z scanner from th
e X-Y scanner (see Figure 1-3). .

The breakthrough that eliminated these cumbersome problems came when the P
ark Systems SPMs introduced a new concept of separating the Z scanner from the X-
Y scanner. The NX system is designed so that the X-Y scanner scans a sample in two
-dimensional space, while the Z scanner moves the tip only in the z direction. Figure 1
-3 shows a diagram of the NX system, in which the Z scanner separated from the X-Y
scanner. The symmetrical flexure scanner used in the NX system moves only in the
X-Y plane, and has superb orthogonality. This scanner’s design also makes it possibl
e to place much larger samples on the sample stage than could normally be accomm
odated for by a piezoelectric tube type scanner. Furthermore, since the flexure scann
er only moves in the X-Y direction, it can be scanned at much higher rates (10~50 Hz)

than would be possible with a standard AFM. Because the stacked piezoelectric actu
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ator used for the Z scanner has a very fast response speed, at least 5 kHz, it is able t
o respond to topographic changes on the sample surface more than 10 times faster th
an is possible with a conventional tube type scanner.

Having the X-Y scanner separated from the Z scanner in the uniquely designed N
X system not only increases the data collecting speed by at least 10 times compared t
0 a conventional tube type scanner, but also isolates the vertical and horizontal scan
axes, completely eliminating cross coupling, resulting in a very accurate measuremen
t. Moreover, this independent scanning system improves the error due to the inherent
non-linearity of the scanner itself. Figure 1-4 compares the background image of a co

nventional tube scanner compared to that of the new NX scan system.

Figure 1-4. Background Flatness Images from a Conventional AFM (a) and Park

Systems AFM (b)

)

(a) Conventional AFM

Height (/m)

Distance (jm)

(b) Park Systems AFM

Figure 1-5 shows a diagram that explains the cantilever movement detection mec
hanism used in the NX system. This SLD Beam & PSPD configuration, which permits
the accurate acquisition of stable images at high measurement speeds, satisfies the f
ollowing two important imaging conditions:

First, the PSPD should be able to measure only the deflection of the cantilever wi

thout interference from the Z scanner.
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Second, to improve the response rate in the Z direction, the weight of the Z scan

ner must be minimized.

Figure 1-5. Beam path related to the cantilever’s movement

AFM Beam

I0—
Steering Mirror /7 ':— PSPD

TIP(Cantilever)

The cantilever and the PSPD move together with the Z scanner while the SLD be
am, a steering mirror and a fixed mirror are fixed relative to the scanner frame. The S
LD beam, positioned in front of the Z scanner, is aimed at a fixed mirror that is situate
d above the cantilever. The mirror reflects the beam downward and onto the back surf
ace of the cantilever. The SLD beam will always hit the same spot on the cantilever’s
surface since the Z scanner only moves vertically. Therefore, once the SLD beam is a
ligned, there is no need to realign the SLD beam, even after the Z scanner has been
moved up and down to change samples. The steering mirror, located at the front of th
e Z scanner assembly, adjusts the reflection angle of the SLD beam that is reflected o
ff the cantilever’s surface. The steering mirror reflects the SLD beam to the PSPD. An
other feature of this alignment design is that as a result of placing the PSPD onto the
scanner frame, it allows a change of the Z scanner position without having to realign t
he PSPD. Therefore, only the deflection of the cantilever will be detected, independen
t of the Z scanner movement.

Since there is nothing obstructing the view above the cantilever in the structure, t
he optical microscope is located on the same axis as the SLD beam that is reflected a
t the fixed mirror.

Figure 1-6. Captured Optical Microscope Image
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Figure 1-6 shows the cantilever with the SLD beam focused on it, as it is displaye
d on the vision software. Since the CCD camera is aligned directly with the cantilever
with nothing blocking its view, it is very convenient to focus on or to observe the samp
le while moving the camera up and down. This view also provides superb quality for a
n optical microscope.

The Park NX-Hivac system’s power and ease-of-use are evident throughout the s
ystem’s design. For example, the SLD beam used in the Park NX-Hivac system’s hea
d is low coherence, and it enables accurate imaging of highly reflective surfaces and
precise measurement for approach spectroscopy. An additional advantage of the SLD
head is its compatibility with experiments that utilize light in the visible region of the s
pectrum. The unique head design of the crosstalk elimination allows wide-open side a
ccess to a sample and the tip.

In addition, the head is easily inserted by sliding it along a dovetail rail and autom
atically locking into its pre-aligned position with a convenient turn of two thumb locks.
There are no additional knobs, springs or cables to adjust as is common with other de
signs.

Figure 1-7. Lock Head

The NX system not only achieved a structural design change that yielded exempl

ary SPM efficiency, but also brought many improvements to the electronic controller a
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nd to the supporting software.
The AFM control unit has a fast, powerful Digital Signal Processor (DSP), high sp
eed ADC/DACs and offers built-in support for Digital lock-in and digital Q control functi

ons without the need for additional instruments .

The NX Control Electronics are designed to enable the scanner, the core unit of t
he AFM, to provide efficient, accurate and fast control, and to facilitate the acquisition
of a stable image even beyond a scan speed of 10Hz. In addition, the controller contai
ns input/output terminals that provide a simple means for users to design advanced e
xperiments that extend far beyond and are much more complicated than obtaining ba
sic images.

Furthermore, the up to date computer is equipped with the most recent high-pow
er Intel Core i5-3570 and Windows 10 system. Two 23” LCD monitor displays crystal
clear images using a DVI (Digital Video Interface). All necessary software, including
SmartScan™, the Data Acquisition program, and XEI, the Image Processing program,
is installed on the computer. Figure 1-8 shows the SmartScan™ program’s clean and
easy-to-use interface, complete with safety functions and various measurement capa
bilities that are required to perform advanced applications. Figure 1-9 shows the XEI
program that is used to convert acquired data into an image and to perform various a

nalyses that meet the user’s requirements.

Figure 1-8. SmartScan™ - Data Acquisition Program

Pk SmartScan™ -

Figure 1-9. XEI - Image Processing Program
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Chapter 2. Components of NX-Hivac

Chapter 2. Components of NX-Hivac

The Park NX-Hivac AFM system consists of a number of primary components: th
e Park NX-Hivac main system, control electronics, dry pump, turbo pump, NX-Hivac ¢

ontroller, computer, and monitors.

Figure 2-1. NX-Hivac System
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The Park NX-Hivac main system is where actual measurements are made. The P
ark NX-Hivac control electronics control the movement of the main system according t
0 commands from the computer. All necessary software, including SmartScan(the dat
a acquisition program), XEI(the image-processing program), Park Hivac Manager(NX-

Hivac auto vacuum control), and the vision program, are installed on the computer.

2-1. NX-Hivac Main System

The Park NX-Hivac AFM system is much easier to operate than a conventional A
FM, and measurements can be made much more quickly and accurately. The Park N
X-Hivac main system is composed of a vacuum chamber, which includes AFM core p
arts, plus a dry pump and turbo pump. These components as shown in Figure 2-2. Th

e following explains each component in detail.

Figure 2-2. NX-Hivac Scanning Probe Microcope

Focus Stage

12 Park Systems | The Most Accurate Atomic Force Microscope
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2-1-1. Z Stage

The Z stage head assembly controls the coarse vertical positioning of the Z scan
ner with a stepper motor, and is used to approach the cantilever near the sample. The
max working range of the Z stage is 25mm (max speed 0.8mm/s, resolution 80nm).

The Z stage is software controlled.

B NX-Hivac Head

The Park NX-Hivac head is the component that actually interacts with the sample
and takes measurements. The Park NX-Hivac system includes the standard head and
PSPD auto-alignment motor. Along-travel head is optionally available. See below for s
pecifications. Please use the appropriate head for your measurement..

Figure 2-3. Standard Head

Table 2-1. Specifications of NX-Hivac Head

ltems Standard Head

Compatible Objective Lens UL10x

Z Scanner Stroke > 15 um

The NX-Hivac head is a core component of the Park Systems AFM and performs
the following functions:

» Cantilever Mount

» Cantilever Modulation

» Beam Detection

» Movement in Z axis

13
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Figure 2-4. Structure of NX-Hivac Head

Z Scannet

Beam Alignment Knobs

PSPD Alignment knob & motor <‘

Probehand /

WARNING!

Do not disassemble the NX-Hivac head on your own. Park Systems will not be
responsible for any personal, physical damage or degraded performance that may
result from unauthorized disassembly.

Probe hand

The probe hand is the part of the AFM head which holds the cantilever. The desi
gn of the probe hand depends on the head mode (operating mode) of the AFM. This
means that the appropriate probe hand must be selected by the user according to thei
r application. The standard probe hand provided with the NX-Hivac system (Figure 2-
5) has a bimorph for vibrating the cantilever in non-contact mode, and can apply an el
ectrical tip bias. It is usable for contact, non-contact, force modulation, lateral force m
ode, Tapping mode, approach spectroscopy mode, nano indentation mode, lithograph

y mode, electrostatic force mode, among others.

Figure 2-5. Attach Probehand

-

| ="
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NX-Hivac Z scanner

The Z scanner consists of stacked piezoelectric material, which moves in respon
se to applied voltage. The cantilever is attached to the Z scanner through the probe h
and. This enables the tip to maintain constant feedback conditions (force or distance)
as it is moved over a sample surface. The measurable dimensions are limited by the
Z scanner range. The Z scanner on the standard head can move up to 15 um and the

Long Travel Head'’s Z scanner can move up to 38um.

WARNING!

Never disassemble the Z scanner on your own. Park Systems will not be
responsible for any personal, physical damage or degraded performance that may
result from unauthorized disassembly.

Figure 2-6. Z scanner Assembly

The NX-Hivac’s Z scanner is separated from the X-Y scanner. This independenc

e provides the user with several operational advantages.

1. The separated Z scanner is lighter. This allows for quicker response times,
enabling the tip to follow the topography of a sample surface more quickly,
ultimately leading to quicker measurements without sacrificing accuracy or
precision. The faster response time also protects the tip, resulting in the

ability to acquire clear images for an extended period of time.

2. Since the tip wears out eventually, it is necessary to replace it after some
amount of use. The NX-Hivac’s Kinematic Mount makes tip exchanges

routine and easy.
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3. Most AFMs detect the probe’s movement to measure topographic data by
collecting a beam signal on a position-sensitive photo detector(PSPD) after it
is reflected from the back side of a cantilever. To align the beam, conventional
AFMs use additional positioning equipment, an operation which is often
difficult and cumbersome. However, beam alignment becomes very easy and
convenient with the Park NX-Hivac system. Manageable control knobs on the
Park NX-Hivac head can be adjusted manually with the help of the control
software(SmartScan and the vision program), making location and movement

of the beam easy and accurate.
4. It's easy to remove the NX-Hivac head from the main frame. Simply unlock
the dovetail thumb locks and slide the Park NX-Hivac head off the dovetail rail.

Remounting the head is as easy as removing it.

Figure 2-7. Removing NX-Hivac Head

L

AFM Beam Detection Array
AFMs collect a beam signal after it is reflected from the back side of a cantilever
in order to detect the probe’s movement. The NX-Hivac uses an SLD beam with a

wavelength of 830nm.
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Figure 2-8. Beam Detection

Steering Mirror

—

<~ Cantilever

The cantilever and the PSPD move together with the Z scanner. The SLD beam,
a steering mirror, and a fixed mirror are fixed relative to the scanner frame. The SLD
beam, positioned in front of the Z scanner, is aimed at a fixed mirror situated above
the cantilever. The mirror reflects the SLD beam downward and onto the back surface
of the cantilever. The SLD beam will always hit the same spot on the cantilever’s
surface since the Z scanner only moves vertically. The steering mirror, located at the
front of the Z scanner assembly, adjusts the reflection angle of the SLD beam that is
reflected off the cantilever’s surface. The steering mirror reflects the SLD beam to the
PSPD. The beam alignment knobs, which are located on the head, control the fixed
mirror angle and make it possible for the beam to align onto the cantilever’s surface,
as shown in Figures2-8 and 29.

The PSPD alignment knobs in front of the head control the steering mirror angle

to adjust the reflected beam to go to the PSPD, as shown in Figures2-8 and2-9. .

17



NX-Hivac User’s Manual

Figure 2-9. Beam & PSPD Alignment Knobs

Beam Alignment Knobs

Turn Screw CW:
Beam Spot Moves to Left On PSPD

Turn Screw CW:
! Beam Spot Moves Up OnPSPD "= === ——_ _

PSPD Alignment Knobs

Turn Screw CW:
Beam Spot Moves Down On PSPD

Turn Screw CW:
Beam Spot Moves to Left On PSPD -——

2-1-2. XY Stage

The XY scanner is affixed to the XY stage. By adjusting the stepper motor via soft
ware control, the XY stage can be used to horizontally position the sample. The Park
NX-Hivac system’s XY stage has a maximum range of 24mm in both X and Y axes, wi
th a resolution of 5um.

B NX-Hivac X-Y scanner

The NX-Hivac X-Y scanner that moves the sample in the XY plane is a Body Gui
ded Flexure scanner. The XY scanner is fabricated from a solid aluminum block. The
desired area is cut out from inside the aluminum block, and the lines indicated in Figu
re 2-10 are fabricated with a special technique called ‘Wire Electric Discharge Machini

ng’ resulting in a flexure hinge structure.
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Figure 2-10. XY scanner

Flexure Hinge

e

x
e,
L]
]

-)

WARNING!

Never disassemble the XY scanner on your own. Park Systems will not be
responsible for any personal, physical damage or reduced performance resulting from
unauthorized disassembly.

An XY scanner with a flexure hinge structure has the advantage of highly orthogo
nal two-dimensional movement with minimal out-of-plane motion. Due to the Parallel
Kinematics design, the XY scanner has low inertia and axis-independent performance.
Hysteresis-correcting Servo Scan (described in Chapter 7) is accomplished by mean
s of an optical sensor in the flexure scanner.
There are two XY scanner sizes that may be used with the NX-Hivac: 50 um x 50 um,
or 100 um x 100 um, or 10 um x 10 um depending on the desired maximum measure

ment range.

B Sample Chuck

The sample is loaded on a sample chuck that is fixed on the X-Y scanner. A mag
netic holder allows samples prepared on metal plates to be easily loaded onto the sca
nner. There are five magnetic holders on the sample chuck. Voltage biases from -10V
to 10V can be applied to a sample in electrical contact with a metal plate by way of ea
ch magnetic sample holder. Samples up to 110mmx110mm on edge, 20mm in thickne

ss, and 500g in weight can be loaded onto the sample chuck.
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2-1-3. Focus Stage

The optical microscope is affixed to the focus stage. By adjusting the stepper mot
or via software, the focus stage can be used to vertically position the optical microsco
pe so as to observe the cantilever/sample. The Park NX-Hivac system’s focus stage h

as a maximum range of 15mm.

B NX-Hivac Optical Microscope

The Optical microscope is used when positioning the SLD beam onto the cantilev
er, and for locating regions of interest on the sample surface for measurement. Since
the optical microscope’s axis is parallel with the Z scanner’s, it is possible to have a di
rect on-axis view of the cantilever in conjunction with the sample area that will be sca
nned.

All of the components of the optical microscope - the objective lens, the frame, an
d CCD camera - are rigidly fixed on a single body. Since the entire assembly moves t
ogether for focusing and panning, the axis lining the sample and the CCD camera are
always fixed, and a high quality optical view is preserved.

The NX-Hivac provides two options for the objective lens’ choice- 10X and 20X.

Please refer to the table below for details.

Table 2-4. Specification of Objective Lens

EL20X UL10X
(Enhanced long working distance (Ultra long working distance
objective lens) objective lens)
NA 0.42 NA0.21
WD 20mm WD 50 mm

Compatible for Standard Head, Long

Compatible for Long Travel Head Travel Head

The 10X objective lens yields about 500 times magnification and the optional 20X

objective lens yields about 1000 times magnification.
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Figure 2-11. Optical Microscope of NX-Hivac

I

o 70ptical Alignment knobs

2-1-4. Pump Parts

To create the necessary high-vacuum condition, the Park NX-Hivac system inclu
des a dry pump and turbo pump. The dry pump first creates a low-vacuum condition i
nside the chamber (~0.15 torr). Once a low-vacuum level has been achieved, the turb
0 pump takes over, until the vacuum reaches ~10”-5 torr. To prevent damage to the p

umps due to overheating, each line includes a safety valve.

2-2. AFM Control Electronics

The NX- Hivac main system is divided into three components, the NX- Hivac mai
n system, the Control Electronics, and the computer. The Control Electronics serves
as a mediator between the main system and the computer.

Figure 2-12. Control Electronics (Rear View)

$ u(“:l—> EMG
(|| Lo ] )
W
\ - 2 BNC
) Input/Output

Power HV Analog Motor  Ethernet
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In order to maintain fast, effective communication between the computer and the

NX-Hivac main system, an Ethernet connection is used. The DSP contained in the NX
-Hivac Control Electronics is the 9600MMACS.

Analog: AFM D G >
NIX- Control Signal
Hivae | < --------- Control Ethernet: COMPUTER
Main Motor: XY, Z, _ Communication
System Focus Stage Electronics between
Control Signal COMPUTER and
€-=-----=-= Control Electronics
Table 2-5. Connector Information
CEEEI] Type Conmnesion Purpose/ specification
Label yp to P P
Analog signal I/O (+/-15V , PSPD,
Analo 1.27 mm pitch, Frame Detector, Piezo drive signal, Tip bias ,
9 68 pin COMPUTERB | Sample bias, Modulation) for AFM
operation.
. Digital signal 1/O (+5V, Z motor,
Motor 1.275r8mirp1)|tch, COI\'ZIrDaLTI'eERB Focus motor, Limit sensor, SPI) for XY,
p Z , Focus Stage control.
RJ45 Connect Electronics with COMPUTER
Ethernet Cat.5e COMPUTER for controling NX 10 system by
) COMPUTER.
Power for XY, Z and focus stage motor.
EMG Circular 4pin _M(_)tor can be stopped by qllsconm_actln_g
it in an urgent status. This function is
disabled for research system.
2.54 mm pitch Frame . .
HV 15 pin COMPUTERB High Voltage Signal for Scanners

NX Control Electronics supports access of important input and output (1/0) signal

s such as VERTICAL and Tip bias to external instruments via BNC connections. The

se signals are detailed in Table 2-6.
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Table 2-6. BNC Input/Output Signals

Connector L
Label Purpose Specification
AUX 5 IN Inputs connector for user-supplie
d signals. External signals are intro
duced through these connectors ca
AUX4IN n be viewed alongside SPM param
eters, each being assigned to a cha BW 20 kHz, +/- 10V
AUX 3 IN nnel selectable from the “Input Conf
ig” menu. These auxiliary signals ca
n also be captured as an image in
AUXZIN XEP or SmartScan for analysis. Th
e three signal paths are identical an . .
AUX 1 IN d independent, BW 5 MHz, 50 Q input impedance.
+/- 5V
AUX 1 OUT BW 5 MHz, 50 Q input impedance.
+-2V
AUX 2 OUT BW 20 kHz, +/- 10V
o Input voltage range:
Ext. Tip Bias Input connector used when the -10V to ~ +10V

Ext. Sample Bias

experimenter wants to apply bias
from the external source to the

If experimenter wants to apply
higher bias to the sample, user can

sample. use ‘External High Voltage toolkit’
Full Power Bandwidth: <100kHz
TTLOUT
Reserved
TTLIN
LVTTL input compliant
Counter 1 Input connector when the Minimum pulse width: 10 ns
experimenter wants to count the Max counting value: 2732
Counter 2 signal from detector. Time constant: 1 ms ~ 1 sec.
(To be determined)
Output range: -5V ~ +5V
A-B Small Signal Bandwidth: 5 MHz
Impedance: 50 Q
Alarm Reserved
Tip SYNC Tip bias (_sample bias, Z scanner
modulation) frequency output.
MOD SYNC Frequency outp.ut of NCM
modulation
FRAME Indicates if the images are acquired LVTTL compliant.
Indicates the direction of scanner
LINE
movement
PIXEL Indicates scanner status
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H |mage Sync.

The Park NX-Hivac system provides image sync outputs(frame, line, and pixel)for
your experiment. For example, with a4x4 pixel image, the sync signal for pixel, line, a
nd frame on the measured image would be as shown in Figure 2-13. The numbers ar
e the forward(left-to-right scan) image and alphabetical characters are the backward i
mage(right-to-left scan).

Figure 2-13. Standard Scanning
13 14 15 16

s L L 2 Q D 0 n m
9 10 11 12
< & o ® | k i i
Slow scan 5 6 7 8
< o Q o h g f e
1 2 3 |
s L] L Q d & b a
Fast scan —
<Display>
D!SPLAYL12|34albcld58l78|efqlh9|10 i 12
o= FPIEL H
= LNE
n\-FRAME!-I

(H: Hiah Status. L: Low Status)

Table 2-7 explains the meaning of each sync signal.

Table 2-7. Image Sync Signals

Name Purpose Low High
FRAME Indicates if th_e 'Mages 1S Acquiring the image No activity
acquired
Indicates the direction of Trace (or forward) Retrace (or
LINE . . . .
the scanner movement direction backward) direction

. . Acquiring the pixel
PIXEL Indicates if the scanner data (hence the

status : .
scanner is stationary)

Moving to the next
point
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2-2-1. Power/Fuse Change

B Power

The power to the NX-Hivac Control Electronics is not free voltage. The procedur

e for changing the input power voltage follows below:

~N O o b~ WN P

Figure 2-14. Change Power

. Remove power cord.

. Pry door open at socket.

. Lift and swing door into socket.

. Lift fuse holder out of housing.

. Install one AG fuse or two metric fuses.
. Replace fuse holder into housing.

. Swing and snap door back in place.

B Fuse

[Fuse Specification in: 230V/240V:2A or 100V/120V:4A]
You can change the fuse by following the procedure below:
a) Removing Fuse Holder

1. Insert a pocket screwdriver at point "X" as shown.

L

Secton &4
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2. Gently lift UP until the entire door lifts up at least 1/4".

e i

=]

3. Once lifted, the door will pivot on its hinges and expose the fuse holder.

b

4. When the fuse holder is installed in the single fuse position, apply the screwdri
ver as shown and gently pry up. Insert screwdriver as shown - do not use fingers to pr

y the unit loose.
NOT here

Insert Here

When the fuse holder is installed in the dual fuse configuration, it will release as s

oon as the door is opened.

b) Changing Fuse

European Fusing Arrangement

Install fuses on one side only. Do not install both AG and Metric fuses at the sam

e time.
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2-3. The Park NX-Hivac Controller

The Park NX-Hivac controller distributes power to the vacuum pump and controls
valve status.

For the operation of the vacuum pump, the main power input to the Park NX-Hiva
¢ controller should be AC100/120V, 50Hz/60Hz, Free voltage with available electric p
ower of 2kVA. An IEC plug cord is connected to each output connector so that all of th
e control electronics can be plugged in. In addition, a PLC controls system facilities su

ch as gauge sensor monitoring and valve operation.
2-4. Computer & Monitor

Programs related to controlling the system - performing measurement and image
processing are installed in the computer. They are SmartScan™, XEI and the Vision
program. SmartScan™ is for system operation, data acquisition and communication b
etween control electronics and computer. XEI is for image processing and analysis.
The Vision program is to observe the cantilever/sample/beam/etc for system operatio
n. See the software manual for further description of the software.

The computer has some additional components installed for the NX-Hivac System.

2-5. Acoustic and Vibration Isolation System

AFMs are instruments that are very sensitive to vibrations. Both vibrations from th
e floor and acoustic noise of the surroundings have adverse effects on AFM measure
ments. It is recommended that the NX-Hivac system is placed in an Acoustic Enclosur
e to block acoustic noise from the surrounding environment, and supported by an Acti

ve Vibration Isolation System to block floor vibrations.
2-5-1. Acoustic Enclosure

The Acoustic Enclosure (AE) shields the AFM from acoustic and electromagnetic

noise.

B Standard Acoustic Enclosure:

Designed exclusively for the NX series system, the integrated acoustic enclosure
and granite table isolate the NX system from external acoustic and light noise for an i
mproved performance. The walls of the acoustic enclosure are 40 mm thick, consistin
g of a 1.5mm stainless steel board, filled with soundproof material. The inner surfaces

are covered with ESD coated micro fibers, which won’t emit particulates. Acoustic en
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closure reduces typically over 10 dB of acoustic noise level, varying with frequency. T
he Acoustic Enclosure also blocks EMI noise, and is specially coated to prevent electr
ostatic discharge.

-Dimensions: 700 x 800 x 1,300 mm (outer)

-Mass: 300 kg

2-5-2. AVIS

B AVIS

AVIS, part of the vibration isolation system, blocks vibrations from the floor. The NX-
Wafer system uses the AVI 350Sactive vibration isolation system from Hertz. Four
isolation units in the AVI 350S, plus two additional isolation units below the system,
support the AFM main system and block the effect of vibrations originating from the
floor. Each isolation unit uses inertial feedback via electromagnetic transducers to
provide not only isolation from building vibrations, but also isolation from vibration
sources placed on the system itself, such as force applied by the operator’s hand.

AVI 350S provides active isolation of vibrations with frequencies ranging from 2H
z to 200Hz and passive isolation beyond 200Hz. The isolation unit and its transmissibi

lity are shown in Figure 2-15.

Figure 2-15. AVIS isolation unit and performance data
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WARNING!

The AVI 350S system can be damaged by shock. Please consult Park
Systems when moving the system.
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B AVIS Controller

AVIS is a part of the vibration isolation system that blocks the effect of floor vibration
to the AFM. Four isolation units in the AVIS support the AFM on the bottom stage, and
two additional isolation units below the system actuate to cancel out floor vibration.

The AVIS controller provides the power for driving the vibration isolation system and
controls the isolation units. Typical power consumption of the AVIS is less than 10W,

but it can rise to 50W in extreme environments.

Figure 2-16. AVIS Controller (left: front, right: rear)

On the front panel of the AVIS controller, as shown in the Figure 2-16, there are 16
LEDs arranged in two groups of eight. These LEDs show the status of the system.
Each 8-LED group shows the status of the associated isolation units supporting the
AFM. When an LED is lighted, it means that there is external vibration and the AVIS is
working to cancel it.

Also on the front panel, as shown in the Figure 2-16, there is a yellow isolation
indicator LED indicating the isolation condition. Normally when the AFM is isolated
from floor vibration, this LED is on. This LED blinks when there is severe external

vibration and the AFM is no longer isolated from external vibration.
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2-6. Specifications

Classification

Specification

Voltage 230V 50/60Hz, 1Phase
- AFM Controller Power: 150W
Power - Vibration isolation control unit Power: 20W
- NX-Hivac Controller(Full load) Power: 350W
- TIC Controller Power: 200W
Pneumatic 0.7MPa
N, Gas 0.4MPa
Acoustic Noise <65dB

Dimension 800mm x 950mm x 1330mm
Weight 450 Kg
Recommended Temperature 10°C~40°C

Recommended
Humidity

30 % ~80 %
(Not condensing)

NX-Hivac Head Super

luminescent diode (standard): 830nm with low

coherency

Optics

Direct on-axis vision of sample surface and cantilever
Focus range: 15mm, motorized and software controlled
Magnification: 780x (optional 1000x)

Field of view: 480um x 360um(for 10x obj. lens)

CCD: 5Mpixel

Objective lens: 10x(0.21NA), 20x(0.42NA) (Optional)

XY stage travel:
movement

22mm x 22mm, motorized precision

Stage

Z stage travel: 25mm, motorized movement
Sample size: 50mm x 50mm, 20mm thickness
Sample weight: up to 5009
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Scanner

Decoupled XY and Z scanner

Single module flexure XY scanner with closed-loop control
Scan range of XY scanner: 50pm (optional 100um)

Scan range of Z scanner: 15um (optional 38um)

Pump

-Dry pump-

Ultimate Vacuum: 0.022 torr

Dimensions: 265mm x 302mm x 432mm (W x D xH)
Moter power 1-ph: 260W

-Turbo pump-

Max Pressure: 5.0X10"-8

Dimension: 203mm x 203mm x 200mm (W x D xH)
Max power: 160W

Software

-SmartScan-

Dedicated system control and data acquisition software
Adjusting feedback gain, set point in real time
Step-and-scan function for programmable imaging
-XEI-

AFM data analysis software

Vacuum pump and valve control software

Software control of vacuum sequence

Electronics
(AFM Controller)

Main control: DSP(9600MMACS), 100Mbps TCP/IP
ADC: 18 channels
4 high-speed ADC channels (50MSPS)
24-bit ADCs for X, Y, and Z scanner position sensor
DAC: 12 channels
2 high-speed DAC channels (50MSPS)
20-bit DACs for X, Y, and Z scanner positioning
Programmable A-B and LFM gain control
Integrated light-source control

2 channel32-bit counter

3 channel digital lock-in amplifier

Digital Qcontrol
20 embedded signal input/output ports
5 TTL outputs: EOF, EOL, EOP, modulation, and AC bias
Maximum 16 data channels
Maximum data size: 4096 x 4096 pixels
Power: 200W

Angel & Gate Valve Control by PLC

c}(/)?\(t:?olflr:r Dry Pump Power Supply
Power: 700W (Full load)
Pump Control

Edward TIC

Controller Turbo Pump Power Supply

Power: 200W (Full load)
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Chapter 3. Installation

The installation procedure and environmental specifications for the NX-Hivac play
a significant role in the safe operation of the system. Since the durability, safety and ove
rall performance of the NX-Hivac depend on the environment and proper installation, clo

se attention to the following installation environment and procedures recommended in t

his chapter are necessary.

3-1. Environment

Table 3-1. NX-Hivac Requirement

Facility Requirements

Room Temperature

(Stand By) 18 °C ~ 40 °C
Room Temperature o o
(Operating) 18°C ~24%C
[T o,

Humidity 30% ~ 80 %

(Not condensing)

Floor Vibration Level

VDC (6.25 pm/sec)

Acoustic Noise

<65dB

Floor Space

4000 (w) x 1300 (d)

Ceiling Height (mm)

2000 or more

Operating Working

4000 (w) x 1300 (d)
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B Temperature and Humidity

We recommend installing your Park NX-Hivac system in a clean, well-ventilated, lo
w-humidity environment. For temperatures up to 30 °C, the maximum acceptable relativ
e humidity is 80%.Maximum acceptable relative humidity, decreases linearly to 50% at
40 °C.

B Vibration and Noise

The Park NX-Hivac system must be installed on a level, hard surface. Since the AFM is
very sensitive to vibration, a fixed-position active vibration isolation table is used. In
addition, installing the AFM inside an acoustically shielded, ground level, or basement
room is recommended to reduce inner and/or outer vibration. Installing the device near
a wall or pillar inside the building can further reduce vibration and is recommended.
While measurements of samples of any physical size can be affected by vibration,
measuring nano scale samples requires particular care. Even small vibrations from the
floor can be significant at this scale. To minimize the effect of floor vibrations even
further, ensure that cables are not taut, which can transmit vibrations. Note also that
connecting the controller’s cable to the computer in a parallel circuit can damage the
controller’s electronics.
The results measured by the AFM can also be influenced by acoustic noise and/or light.
Therefore, the AFM must be installed away from fans and other sources of noise, such
as air conditioning and heating systems. Though the unit requires adequate airflow for
proper operation, avoid installing it near ventilation ducts and windows. Once a suitable
location is chosen, use the acoustic enclosure and active vibration isolation system to
keep vibration and noise to a minimum.

Please refer to Figure 3-1 for more information on recommended vibration levels. N
ote that the Park NX-Hivac system should be installed in an environment that meets or

exceeds the criteria established by the line labeled “VC-E” in Figure 3.1.
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Figure 3-1. Vibration Criteria Graph
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B Electrical Requirements
The Park NX-Hivac system requires an AC power supply with the following

specifications:

e Power supply:100/120V or 220/240V, single phase, 15A, 60Hz
e Power consumption: 1.2kW(max)

e Ground resistance: recommended below 30ohms

34 Park Systems | The Most Accurate Atomic Force Microscope



Chapter 3. installation

Since the Park NX-Hivac AFM is highly sensitive to power fluctuations,
we recommend installing an uninterruptable power supply(UPS). To reduce image noise,
connect all power cords to a grounded power source.

B System Layout

The following table displays system dimensions. The space requirement of the NX-

Hivac system installation is shown in Figure 3-2.

Width Depth Height

Dimensions and Weight

(mm) (mm) (mm)

Vacuum chamber 300 420 320
AFM Controller 450 480 190
Granite Plate and support 800 950 730
NX-Hivac controller 450 450 150
Computer 178 445 448
Monitor 330 585 595

Figure 3-2. NX-Hivac System dimension and recommended clearance (Top view)
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3-2. Component List

B NX-Hivac SPM Main System

* NX-Hivac Main System

. NX AFM Controller

. NX-Hivac Controller

e Acoustic Enclosure

e Computer

e LCD Monitors (2ea)

e Accessory I

e Accessory II

e  Tool Box

e  Multi Cord

e Dry pump, Turbo pump

e Wooden Box 1

e Wooden Box II

e  Vibration Isolation

e Option (SSRM)

e Table & Cabinet
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3-3. Uncrate

@ Use a Phillips screwdriver to peel off the back of a blue vinyl top box and remove

the screws that hold the panels in each side.

CAUTION: Two people are required to remove all panels of the crate.

Improper lifting can cause muscle strain or back injury.

® After removing the panel discard cut the banding strap wrapped around the

product.

® Remove the vinyl using a knife or scissors.

® Collect as much as possible the forks of the forklift is located on the bottom,

then place the product on the floor.
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3-4. System Setup

3-4-1. Install Acoustic Enclosure

1. Choose a suitable location to install the Park NX-Hivac system. Locate the steel

foot and wheel on the bottom four corners of the acoustic enclosure.

2. Using a wrench, adjust each steel foot (1)counter clock wise so that the attache
d wheel(3) can be raised about 5mm from the floor(refer to Figure 3-3). If the w

heel is raised more than pictured, excess image noise could result.

3. Adjust the height of the steel feet mounted to the acoustic enclosure until the st

one tabletop is level.

4. Once the stone tabletop is level, fix the height of each steel foot height by faste
ning the bolt ((2) in Figure 3-3).

Figure 3-3. Acoustic Enclosure Bottom

3-4-2. AVIS Setup (Optional)

1. Place the AVIS on the center of the stone tabletop. Install the AVIS according to

installation manual provided by manufacturer of each AVIS.

3-5-4. Load the Vacuum Chamber

1. Make sure that the AVIS is locked before carefully placing and centering the
Park NX-Hivac main system on top of the AVIS
2. Refer to the manual provided by the manufacturer of each AVIS to lock the AVIS.
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Figure 3-4. NX-Hivac main system placed on an AVIS

3-5-5. Load Control Electronics & Computer/Monitor

1. Load the Park NX-Hivac control electronics and monitors/keyboard/mouse/

computer on a suitable flat surface.

Figure 3-5. NX-Hivac System setup
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3-5-6. Cabling

1. Required Cables:
(a)Camera cable
(b)Ethernet cable
(c)Power Cable
(d)Analog Cable
(e)Motor cable
(f)High Voltage cable
(g)RS232 cable for PLC
(h)RS232 cable for sensor
(iYSolenoid valve control cable
(j)Dry pump control cable
(K)Turbo pump control cable
(DDry pump power cable
(m) Ethernet cable for low-vacuum gauge sensor
(n)Ethernet cable for high-vacuum gauge sensor

(o) Power cable for NX-Hivac controller

Figure 3-6. NX-Hivac Main System Cables
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Cabling NX-Hivac main system (Figures 3-7 and 3-8)

Connect the Camera cable between the illuminator connector (1) on the back
of the NX-Hivac main system and the LAN port of the computer.

Connect the Motor cable between the 50 pin connector (a) on the back of the
NX-Hivac main system and the motor connector (A) on the rear panel of the
NX-Hivac control electronics.

Connect the analog cable between the 68 pin connector (b) on the back of the
NX-Hivac main system and the analog connector (B) on the rear panel of the
NX-Hivac control electronics.

Connect the High Voltage cable between the High Voltage connector (c) on
the back of the NX-Hivac main system and the Voltage connector (C) on the
rear panel of the NX-Hivac control electronics.

Connect the Ethernet cable between the Ethernet connector (2) on the rear
panel of NX-Hivac control electronics and the LAN port of the computer.

Connect the power cable (3) on the NX-Hivac control electronics.

Figure 3-7. Cabling NX-Hivac Main System
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3. Cabling Computer

Please refer to the manual supplied by the computer manufacturer.

4. Connect Park NX-Hivac controller cables

a) Connect the RS232 PLC cable between the connector (a) on the back of the P
ark NX-Hivac controller and the RS232 port of the computer.

b) Connect the solenoid valve control cable between the connector (c) on the b
ack of the Park NX-Hivac controller and the pneumatic board on the system.

¢) Connect the power cable(1) on the Park NX-Hivac controller.

d) Connect the dry pump power cable between the connector (2) on the back of
the Park NX-Hivac controller and the dry pump power connector.

Figure 3-9. Cabling the Park NX-Hivac controller

3 [ (@)
1) () H.-.a

42 Park Systems | The Most Accurate Atomic Force Microscope



Chapter 3. installation

*A Note on Mounting Cables on the Vacuum Chamber
To reduce the vibration transferred to the system via cables, main body cables should
be attached using the cable mount on the back side of the vacuum chamber.

If the cable hanging between the cable mount(in orange rectangle) and main body i
s too tight, vibration can enter the system. Therefore, when clamping the cable in the ca
ble mount, leave sufficient cable slack between the clamp and the system main body. D
o not, however, leave so much cable slack that cables touch the AVIS, which can trans

mit vibration to the system.

1. Remove the small back cover of the acoustic enclosure by unscrewing four bolt
s.

Remove the cover of the cable mount by unscrewing four bolts.

Arrange the cables, then replace the cover and secure it using the screws.

In reverse order, attach the large/small back cover of the acoustic enclosure.

o M w0

Connect computer cables

Figure 3-10. System rear view

Please refer to the manual supplied by the computer manufacturer for information

on connecting the proper cables to the computer system.
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3-5-7. Power On

1. Connect to Power Supply
Connect the Park NX-Hivac control electronics, computer, and monitors to the grou
nded power supply. Make sure that all switches are turned off to prevent damage to the
equipment.
2. Power On
Turn on the power supply of all of the NX-Hivac system components.
NOTE!

Power to each component can be switched on in any order, but the Park NX-
Hivac control electronics must be turned on before running the SmartScan™ software

3-5-8. Installation Checkup

1. Run SmartScan™ program

Click the SmartScan™ icon on the main window screen or in the folder C:\Park Sys
tems\SmartScan\Bin. The program will start and you can check to ensure that system i
nitialization completes without any error messages. If there is a problem, check whether

the power supply is on, and make sure all the components are arranged correctly as sh

own in Figure 3-11

Components Setup.

Figure 3-11. Components Setup
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®

®

Check Calibration of Scanners
Load the standard sample on the magnetic sample holder of the XY scanner.
Take image and check if the dimensions of the standard sample measured

from the obtained image correspond to the specification of the standard sample.

Zero Scan Test

Load a flat sample, such as bare silicon wafer, to the magnetic sample holder
of the XY scanner.

Mount a Non-contact cantilever (NCHR) to the probe hand.

Set the head mode to ‘Contact mode’ and approach to the sample.

Set the XY/Z scanner range to 0.2 at part config.

Figure 3-12. Part Config window

SetLp Part Config

NCHR
100pm

15um

DM
Lim
0,00 °

T ¢ 3

Set Scan rate to 2 Hz, Gain 0.5, LPF 0, 256<256pixels and take a sample
image with Scan Size 0.

Open the obtained Height image on XEI and flatten using the following
conditions.

[1% order 1pm x 1pm fast scan]

[2nd Order line by line in both X and Y direction]

Check the RMS roughness of the processed image. The RMS roughness
should be less than 0.5A for a properly installed NX-Hivac system equipped
with an AVIS.
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3-6. System Relocation

@ Check the system ( before transferring the system.
WARNING!

If you have an AVIS system, it should be in “Lock” mode in order to protect
from outside impacts that may occur during shipping or storage. Please refer to the
manual provided by the manufacturer for more detailed information regarding the AVIS
system.

@ Reset the motorized stages (XY, Z and focus) by selecting the [Reset] &
[R.Origin] buttons.

Figure 3-13. Reset the motorized Stages

Z fFocus Stage

ZIF STAGE

X R

n\o/x

XY STAGE

Put the power of NX-Hivac system [Control Electronics, Computer, Monitor] off.
Lock the optical microscope by following the Section 3-3-8 in reverse order.
Lock the AVIT before Turn off the power.

Disconnect the cables.

Lift the foot of the acoustic enclosure.

® Q0 @ a6 @

Relocate the acoustic enclosure to new installation site by pushing it using the

wheel on the bottom.

©

Set up the NX-Hivac system after finishing the system relocation.
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Chapter 4. Cantilever Selection

4-1. Cantilever Characteristics

Generally speaking, the term ‘cantilever’ includes the silicon chip, a cantilever hang
ing from the chip, and a tip hanging from the end of the cantilever. Figure 4-1 shows the
overall view and the names of the parts of the cantilever used in the SPM (Scanning Pr

obe Microscope).

Figure 4-1. Cantilever Chip

-

in safekeeping /"p
\ / \

Cantilever

/

in scanning

The chip, the cantilever, and the tip are made from Silicon (Si) or Silicon Nitride (Sis
N,), and are manufactured using macro-machining techniques.

Because a cantilever has very small dimensions - 10ym width, 100.m length, and se
veral /m thickness - it is very difficult to handle in the process of attaching to the SPM. T
o0 make it easier to use, the SPM uses a relatively large chip, the size of several millimet
ers.

Figure 4-2 is an SEM image of a cantilever manufactured this way.
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Figure 4-2. SEM image of silicon cantilever

The cantilever is the part sensing the surface properties (the topographic distributio
n, the physical solidity, electrical properties, magnetic properties, chemical properties, et
c.) by detecting the degree of deflection due to the interaction with the sample surface,
and is a determining factor for image resolution.

When viewed from the top, the structures of cantilevers are divided into two groups:
those with a rectangular shape and those with a triangular shape. Each design has a di
fferent force constant depending on the width, depth, thickness, and composition materi
al. Among different materials, the Silicon Nitride cantilever is stronger than the Silicon ¢
antilever, but it has some disadvantages:

When the thickness is more than 1um, contortion may occur.

The curvature at the end of the tip is large — on the order of tens of nanometers.

It has a low aspect ratio.

Compared to this, the Silicon cantilever has a tip curvature of less than 10nm, and i
s more commonly used. In non-contact mode, which has a high resonant frequency, the
rectangular shaped cantilever with a bigger Q-factor, a cantilever with a high force cons
tant, is used more than the V shape. The cantilever provided with the NX-Hivac by defa
ult is a silicon, rectangular shaped cantilever for use in both contact and non-contact mo
de.

In addition, the upper surface of the cantilever (the opposite side of the tip) is coate
d very thinly with a metal such as gold (Au) or aluminum (Al) to enhance the reflectivity.
However, for EFM (Electrostatic Force Microscopy) or MFM (Magnetic Force Microscop

y), when the whole cantilever and tip is coated to measure the electric or magnetic prop
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erties, there is no extra coating on the cantilever.
4-2. Cantilever Selection

There are several types of cantilevers varying in material, shape, softness (represe
nted by the spring constant), intrinsic frequency, and Q-factor. The choice of a cantilever
from among these is primarily determined by the measurement mode.

For contact mode, a “soft” cantilever which has a small spring constant (typically 0.
01 N/m ~ 3N/m) is chosen. The softer cantilever has a more sensitive response to the ti
ny forces between atoms. The probe tip used in contact mode has a thickness of about
1/m to achieve a small spring constant. The smaller spring constant results in larger defl
ections in response to small forces, and thus provides a very fine image of the surface s
tructure.

Cantilevers used for non-contact mode are thicker (~ 4/m), with a typical spring con
stant of 40N/m and a high resonant frequency. In Non-Contact Mode, the AFM vibrates
a cantilever near its resonant frequency, and measures the force gradient via the amplit
ude and phase shift due to interaction between the probe and the sample. When an AF
M is operating in the atmosphere, if the probe tip is situated on a moist or contaminated
layer, it may often stick to the layer due to the surface tension of the tip. This happens m
ore frequently when the spring constant of the cantilever is smaller. Because of the smal
| spring constant, it is difficult to bring it back to the original position. Therefore we need
a cantilever with a spring constant which can overcome the surface tension. The sharpe
r the tip, the more stable operation can be expected because the surface area of the tip
and the surface tension are reduced.

Selecting the proper cantilever depends partly on the morphology of a sample’s sur
face. For example, when the tip radius is bigger than the features of a sample, the tip sh
ape will influence the resulting image, as shown in Figure 4-3(b). Therefore, a tip sharpe
r than the smallest sample features should be selected in order to avoid these artifacts.
Sharper tips, however, have shorter life times and are more expensive than general-pur

pose cantilevers. The standard cantilevers have a tip radius of 10nm.
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Figure 4-3. Tip Convolution
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Measuring a sample twice before and after rotating it relative to the sample stage al
lows a user to determine if there are any tip-shape artifacts in images. If such artifacts a
re present, one will see image features with the same orientation in both scans. Howeve
r, if the original image is a true representation of the sample surface, then every feature

within the images will appear rotated along with the sample.

4-3. Cantilever Mounting

Cantilever chips must be mounted on chip carriers before use. Park Systems provi
des various types of chip carriers for different measurements. Both pre-mounted and un
mounted cantilever chips are provided. If your cantilever chip is not mounted onto a chip
carrier, you must do so with adhesive using glue type chip carriers or with clip type chip
carriers. Once your cantilever chip is on a chip carrier, you can simply attach it to the pr

obehand, where it will be held in place by magnets.

4-3-1. Glue Type Chip Carrier

The cantilever chip is attached onto the marked area on the glue type chip carrier

(Figure 4-4) using glue. There are various glue type chip carriers:

Figure 4-4. Glue Type Chip Carrier

<. A
U _—
- Standard Chip Carrier
- Ceramic Chip Carrier for SThM
- Ceramic Chip Carrier for SCM

- Teflon Coated Chip Carrier for CP-AFM
- Teflon Coated Chip Carrier for EC-Cell
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B Required Components

The following items are required to load un-mounted cantilever chips in general.

- Glue type chip carrier

- Instant adhesive for metal

(Cyanoacrylate (superglue) adhesives provided with NX system are recommended)
- Un-mounted cantilever chips

B How to Load Un-mounted Cantilever Chip

@O Remove any dust from the chip carrier.

@ Pour some glue onto any flat area. Use a small stick, such as a toothpick, to
place a dab of the adhesive on the chip carrier. The two small points (or
grooved lines) on the chip carrier should be used as guidance for aligning the

cantilever chip.

Figure 4-5. Loading Cantilever Chip on Glue Type Chip Carrier

®
c
®

@ Place the cantilever chip on top of the adhesive using forceps and align the
edge with the two small points (or grooved lines).

@ Gently press down on the chip for several seconds.

Figure 4-6. Cantilever Chip Positioned on Glue Type Chip Carrier

q Press here

o) —

NOTE!

You should allow several hours for the adhesive to completely dry; otherwise,
Non-Contact mode images may be affected.
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NOTE!

Make sure that the cantilever chip is attached the right way up. If necessary,
reattach the cantilever chip.

Figure 4-7. Correct Mounting of Cantilever Chip

Improper Alignment Correct Alignment
_—_ Incorrect Orientation _—._ Correct Orientation
'8 N x N\
ll\ P_, l'\ *:,
\\___.// [ l — ,__4}/ I

4-3-2. Clip Type Chip Carrier

Using the clip type chip carrier, an unmounted cantilever chip can be easily stabiliz

ed without glue. Figure 4-8 shows the structure of the clip type chip carrier.

Chip Mount: Cantilever chip is placed here. (Size: 1.7mm x 2.55mm, 0.2mm

thickness)

Clip: Holds cantilever chip.

Lift Hole: Meets with Cantilever Exchanger Pin. Pressing down this hole will open

space between the Clip and Chip Mount area for mounting.

Round Hole & Slot: These two Hole & Slot will be mounted on the probe hand.
They will guide Clip Type Chip Carrier to be placed on the probe hand in

consistent position.
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Figure 4-8. Structure of Clip Type Chip Carrier

Clip Mount
Clip
Lift Hole

\g_\.----r————-o Hole
1 I

The chip type chip carrier is coated with chromium, is designed for various environ
ments such as air, liquid, wiring, and does not need electrically conductive glue to be co

nnected between the cantilever and chip carrier electrically.

B Required Components

The following items are required to load un-mounted cantilever chip to standard clip
type chip carrier.

- Standard Clip Type Chip Carrier

- Cantilever Exchanger

- Un-mounted Cantilever Chips

1. Cantilever Exchanger

There is a round hole, visible when the upper base is uncovered. When you overlay
the chip carrier hole above the pin located on the chip carrier mount part of the cantilev
er exchanger and press the upper base of the cantilever exchanger, then the bottom par
t of chip carrier will go down and the clip will be opened. Then, the un-mounted cantilev

er chip can be easily placed.
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Figure 4-9. Cantilever Exchanger

/

Adjustment Screw

Chip Loader

Upper Base j

Chip Carrier Mount

There is an adjustment screw on the upper base of the cantilever exchanger to mo
ve the upper base up or down. Turning the screw clockwise moves the upper base dow
n and keeps the clip opened. Turning the screw counter-clockwise moves the upper bas

e up and keeps the clip closed.

B How to Load Un-mounted Cantilever Chip

@ Lift up the upper base of the cantilever exchanger.

@ Place the clip type chip carrier on top of chip carrier mount. Make sure that the
round hole on the bottom of the chip carrier is overlaid on the chip carrier
mount pin.

Figure 4-10. Placing Clip Type Chip Carrier on Cantilever Exchanger

i
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NOTE!

The cantilever may not be mounted correctly if the cantilever chip isn’t
sufficiently aligned on the Cantilever Exchanger.

@ Close the upper base of cantilever exchanger and turn the adjustment screw

clockwise to open the chip carrier’s clip.

Figure 4-11. Adjust Clip Position

&

@ Pick an un-mounted cantilever chip using tweezers and place it on chip loading

place of the cantilever exchanger.
(® Slide the cantilever chip into end of the chip groove on the chip carrier.

Figure 4-12. Mount Cantilever Chip

\ 4 4

Chip Groove
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NOTE!

Make sure that the cantilever chip is placed the right way up. If necessary,
reinsert the cantilever chip.

Figure 4-13. Correct Mounting of Cantilever Chip

Bad!! Good!!

( WI ( A.ﬁé\,,.ffj

® Turn the adjustment screw of the cantilever exchanger counter-clockwise to lift

up the upper base.
4-3-3. Chip Carrier Mount

Mount the chip carrier with a cantilever chip to the probehand.

Figure 4-14. Probe Hand before (left) and after (right) Chip Carrier is attached

Steel Ball g

Magnet

Cantilever Chip
Clip

Elongated slot

Ruby nodules
RoundHole

There are two holes in a chip carrier; a round hole and an elongated slot. When yo
u overlay the two ruby nodules located on the end of the probe arm with these holes, th
e cantilever chip will be attached into place by a magnet, and the position of the cantilev

er will be firmly fixed in one position.

56 Park Systems | The Most Accurate Atomic Force Microscope



Chapter 4. Cantilever Selection

4-4. Cantilever DB

The cantilever DB stores specifications for each cantilever type. The SmartScan™
software comes preloaded with database entries for cantilevers shipped with the system.
The user can specify which cantilever is in use in SmartScan™ through the Setup men
u: [Line Scan Click>Setup>Cantilever]. If an entry doesn’t exist for your cantilever, you
can create one with the following steps:

[Stepl:
Create Cantilever DB -> Input Cantilever Spec -> Calibrate VERTICAL Sensitivity

4-4-1. Create Cantilever DB

1. Turn off the head.

2. Open the ‘SmartScan™ Part Selection’ dialog by clicking [Line Scan Click>Setu
p>Cantilever] on SmartScan™.

3. Clicking the [Advanced] button will display the ‘Create Part’ panel. In this panel,
select ‘Part Type’ as ‘Cantilever’.

4. Write a name for your cantilever in the blank space on the left of the [Create] bu
tton, and click the [Create] button. It creates a new cantilever DB using the curr

ently selected cantilever DB and switches to the newly created cantilever DB.

Figure 4-15. Create Cantilever DB

Select Cantilever
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MFMR
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NOTE!

Before you create the cantilever DB, it is recommended to select the cantilever
type with a similar force constant since the cantilever DB is created by copying the
previous selected one.

4-4-2. Input Cantilever Specification

1. Turn on the head and switch to ‘Maintenance’ mode by selecting [Mode>Mainte
nance Mode].
NOTE!

The default password is set to ‘probe’ .

2. Go to ‘Cantilever Calibration’ by clicking [Mode>Calib Mode>Cantilever].

3. Write the resonance frequency range (Minimum Frequency, Maximum frequenc
y), the typical resonance frequency and the force constant. Refer to the cantilev
er specification sheet provided by the cantilever manufacturer.

4. Save the input values by clicking the Apply button.

Figure 4-16. Input Cantilever Specification

Cantilever ™NCHR'

Tip Angle
Tip Height
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4-4-3. Calibrate VERTICAL Sensitivity

VERTICAL sensitivity is the calibration factor between the deflection of the cantilev
er and the movement of the reflected beam on the PSPD. In contact mode, this PSPD p
osition is converted to a distance deflected by the cantilever using the VERTICAL sensit
ivity calibration. That deflection is then converted to a force in Newtons using the spring
constant of the cantilever stored in its DB file.

For Force (V), F=Sx

For Force (N), F=kx
(F: Force (N or V), k: Force constant (N/m), x: Deflection (m), S: VERTICAL Sensitivity
(V/m))

VERTICAL sensitivity is obtained by taking a FD (Force vs. Z scanner displacemen
t) curve. Before this curve can be taken accurately, however, one first needs to calibrate

the AFM’s Z scanner and the force constant of the cantilever

1. Taking an FD curve (in contact mode) on a bare Si wafer sample with your canti

lever.

*FD Curve

a) Approach your cantilever to the sample.

b) Go to FD spectroscopy by selecting [Mode>Scan Mode>FD Spectroscopy]
or the icon.

¢) Add a point on the scan image.

d) Set the parameters on FD spectroscopy control window.

e) Perform FD spectroscopy by clicking the [Acquire] button.

f) Zoom in the region that has a linear slope by dragging the mouse after
acquiring the FD curve and click the [Apply] button. Then, the Z scanner
moving range (Min, Max) is automatically changed to one in the selected

region.

g) Perform FD spectroscopy again by clicking the [Acquire] button.

(For more information about FD Mode, Please refer to 10-10-1.)

2. Switch to ‘Maintenance’ mode by selecting [Mode>Maintenance Mode].

NOTE!

The default password is set to ‘probe .

3. Go to ‘Cantilever Calibration’ by clicking [Mode>Calib Mode>Cantilever] or by cl
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icking the icon.

4. Select ‘Sensitivity’ in the ‘Cantilever’ tab.

5. Open the curve you obtained in FD spectroscopy. If it was the last FD curve obt
ained with this system, it should already be open.

6. Select the linear area in this curve by clicking and dragging on the mouse.

7. Click the [Calculate] button to calculate VERTICAL sensitivity value.

8. Click the [Calibrate] button for VERTICAL Sensitivity to apply the value obtained

in the previous step. Click the Apply button to make the calibration permanent.

Figure 4-17 shows a labeled image of SmartScan™, showing some of the steps for
VERTICAL sensitivity calibration.
Figure 4-17. VERTICAL Sensitivity Calibration

Sensitivity Calbration

NCHR

Sensitivity

v plotis auto scaled

4-5. Cantilever Storage

When cantilevers are kept in ambient conditions with variable temperature and hum
idity for long periods, their reflected beam intensity can decrease due to oxidation of the
cantilever coating material. It is also possible that the end of the tip can become damag

ed. For these reasons, it is recommended to store cantilevers in a desiccator
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4-6. SLD Detector Chip Carrier

When the SLD beam is aligned to the Infrared Ray Detector, it is visible to the naked
eye. The beam falls on the same location as the cantilever when using the Standard

Chip Carrier, marked by the 1 arrow in the figure above, so it is easy to position the SLD
beam onto the SLD detector.

Figure 4-18. (Left) Beam position when using SLD detector Chip Carrier, (Right)

Beam position when using Standard Chip Carrier.

Infrared Ray(IR)
Detector

g SLD Beam Position

Cantilever Position on
standard chip carrier

Attachment
There are two holes in the chip carrier, a round hole and an elongated slot. Overlay the
two ruby nodules located on the probehand with these holes. The detector chip carrier

will be attached into place by a magnet, and its position will be firmly fixed in this one
position.

Figure 4.19. (Left) Standard Probehand, (Right) with the SLD detector chip carrier

attached.

Steel Ball « T |

Magn et

Elongated Slot

Ruby nodules

—
Roiind Hnle

Usage
1. Attach the detector chip carrier on the probehand (4-19).
2. Position the SLD beam on the location marked 1 by adjusting the beam alignmen

t knobs until the SLD beam becomes visible (4-20).
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Figure 4-20. SLD beam on the Detector Chip Carrier

.

3. Re-attach the chip carrier and cantilever after removing the detector chip carrier.

4. Move the SLD beam upward or downward while turning the Y beam alignment kn
ob (large knob on the left side of head), since the SLD beam has been located
on the cantilever position in X axis but with an offset in Y axis, depending on th
e cantilever type (Figure 4-18).

Note!

When using the SLD detector Chip Carrier, please turn off the illuminator.
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Chapter 5. Operation Procedure

5-1. Basic Procedure

[Step] Following is procedure for Operation measurement:
Powering On ->Loading a Sample ->Removing the Head ->Loading a Cantilever -
>Finding the Cantilever->Aligning the Beam on the Cantilever ->Centering the Beam

on the PSPD ->Vacuum pumping ->Approaching the Tip to the Sample

5-1-1. Power On
1. Turn on the components of your NX-Hivac system

[Computer, Monitors and Control Electronics]

NOTE!

The Control Electronics must be turned on before the SmartScan™ Program is
started; otherwise, you will receive a initialization error message and will need to restart
SmartScan™.

2. The NX-Hivac is operated by the SmartScan™ software. When you click the
SmartScan™ icon in the desktop or in C:\Park Systems\SmartScan\bin of your
computer, you can start SmartScan™, the software program for controlling
NX- Hivac.

Turn on the NX-Hivac controller
4. Running the NX-Hivac Manager. When 'NX-Hivac Manager' is runned

automatically closes all of Valve.

63




NX-Hivac User’s Manual

Status change to ‘Connected’
Menu i
Display Panel when COM ports are connected

Jac vacuum Control = x

o
P2l Park NX-Hivac .
Vacuum Control Software [—
mrrED — =
Forein Vave o | [ o
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................... . - e
'
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|
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+ 18:26:47 Turn O Turbo Pump Fan
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Figure 5-1. The Park NX-Hivac Manager ™user interface of the Park NX-Hivac system

“Closed” (both side of pipeline are displayed as different color)

- -vC
-ae “open” (both side of pipeline are displayed as same color)
-aO “unknown” (During opening / closing)

Figure 5-2. Ul of the Valve condition

5. Auto and Manual mode can be chosen.

Auto Mode Manual Mode Override Mode

Controls Auto Manual Controls Auto ‘ Manual ] Controls : Auto Manual 7:

Roughing Vaive | Open se Roughing Valve Open J | “lose

Pumping Venting Foreline Valve per " Foreline Vaive p Open | Close
Gate Valve P e Gate Valve open || ciose
Venting Valve per Close | Venting Vaive bpen ; | Oose

Close Al Close Al
Start auto pumping / venting )

Dry Pump Start top Dry Pump Start || Stop
Turbo Pump Stop Turbo Pump L Start ‘ Stop
Fan r off Fan k On i | off
} oh Vacuum. Gauge r ff Higl Viacuum. Gauge | On ‘\ off

Override Mode ! Override Mode

v Buttons are activated step by step v Should be careful because
in pumping/venting sequence. All buttons are activated

regardless of valve condition.

Figure 5-3. Ul of the Control Panel
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Warning!

Do not open the foreline valve until turbo pump power has reached 0%!!

6. Proceeds in the following order the Auto Pumping.

[ Controls — Auto — pumping ].

Table 5-1. Auto Pumping / Venting process

Auto pumping

Auto venting

1. Displaying messages “Check closed
Door” and Receive Confirm to proceed

1. Take Checked before staring for User

2. Turn on Fan

2. Turn off High Vacuum Gauge

3. Turn off High Vacuum Gauge

3. Close Gate Valve + 1.0 Second
Standby

4. Close Gate Valve

4. Stop Turbo pump + 1.0 Second
Standby
(Do not wait until fully stop)

5. Close Venting Valve

5. Close Foreline Valve + 1.0 Second
Standby

6. Close Foreline Valve

6. Stop Dry Pump
(Standby wait until fully stop)

7. Open Roughing value + 1.0 Second
Standby

7. Open Roughing Valve + 1.0 Second
Standby

8. If Turbo Pump On, Wait until Off

8. Open Venting Valve + 1.0 Second
Standby

9. Open Foreline valve + 0.5 Second
Standby

9. Instruction (Needle Valve to open)

for user

10. Turn on Dry pump

10. Wait until the Over 7.5 * 10" Torr of
Low Vacuum Gauge

11. Wait until the Under 1.5 * 10" Torr of
Low Vacuum Gauge

11. Complete

12. Turn on Turbo Pump + Wait until the
Over 80% Speed

13. Close Roughing Valve + 2.0 Second
Standby

14. Open Gate Valve

15. Turn on High Gauge + 1.0 Second
StandBy

16. Complete
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Title bar Mode Tabs
. A

lank  SmartScan™ -

R \uto Model ==r
="side Barli

Tt e T

Workspace

Figure5-4. The SmartScan™user interface of the Park NX-Hivac system

5-1-2. Load Sample

1. Mount sample onto the sample plate using tape or glue. If possible, the best
method is to glue the sample on using hard-setting instant adhesives.

2. Load sample on the magnetic sample holder. If the sample is large, unscrew the
magnetic sample holder from the XY scanner and place sample directly on the
Sample chuck at the XY Scanner.

3. Locate sample underneath the probe hand using the XY stage control.

See ‘Motorized Stage Control’ section for more information on stage control.

NOTE!

Before you use the XY stage pad, be sure to lift the tip off the sample by using
the Z stage control pad.

WARNING!

When the Z scanner’s arm and the sample are very close, a rapid movement of
the Z scanner may cause the scanner’s arm to collide with the sample. This may result in
severe damage to the probe tip, the sample, and/or the scanner itself.

66 Park Systems | The Most Accurate Atomic Force Microscope



Chapter 5. Operation Procedure

NOTE!

The cantilever depiction in the Z Stage pad is not the center bar. Treating it as
the center bar will result in unintended movement of the Z Stage.

*XY Stage Control Window
For the NX-Hivac, you can see both XY and Z/F stage pads on the screen. If there is ho
“X-Y stage control window” on your computer screen, you can open this window by

clicking the X-Y stage icon .

The XY stage pad is used to move the tip around the sample surface before you take an
image. The XY stage can be moved in both the x and y directions, which moves the
sample relative to the probe tip. The XY stage pad controls both the direction and the
speed of the XY stage. Move the cursor with your mouse and click the cursor where you
want to get images in the X-Y stage pad, then the X-Y stage will move in the opposite
direction so that the NX head move to the defined location. The red point represents the
position of the NX head, and you can see its movement by watching this point. This allows
for convenient repositioning of the NX head around the sample surface. To increase the

speed of movement, click the cursor further from the center cross on the XY stage pad.

*Z stage and Focus stage Control

The Motor Control window contains the Z Stage and Focus components. These control
pads are used to lower or raise the Z Stage and Focus Stage.
Clicking above the center bar will raise that stage, and clicking below the center bar will
lower it. The speed depends on how far away from the bar you click. The NX-Hivac Focus
stage’s movement is synchronized with that of the Z stage. Therefore clicking Z stage pad
will move the Z stage and the Focus stage together. However clicking Focus stage pad will

move the focus stage only.
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Z Stage Pad —==38 . <L [Foeus
T Moyepup
SlOW —> Reset v:
,
u o
Fast — "I

ZIF STAGE

WARNING!

Be cautious when loading large modules such as EC Cell or ULC onto the NX
sample chuck. They may collide with the motorized XY stage when it is moved through a
large range, and the module and/or the NX system may be damaged.

5-1-3. Cantilever Mount
Remove Head from the NX-Hivac Main System

1. Confirm that the head has clearance. If it is too close to the sample, raise the Z st
age. If the Focus stage is too close to the head, raise the Focus stage.

2. Turn off the AFM beam switch and unlock the dovetail locks on the sides of the he
ad. Disconnect the head from the connector of the NX-Hivac main system. Then,

slide the head out to the right.

Figure 5-2. Removing NX-Hivac Head
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Load Cantilever onto Probehand

1. Mount cantilever onto the probehand on the head. To ensure no damage to the ca
ntilever occurs, it is recommended that the cantilever chip mount is held between
your thumb and your index finger. The alignment is simple since two holes on the
chip mount should fit directly over the two ruby balls on the magnetic tip holder on

the probe hand.

Figure 5-3. Load Cantilever onto Probehand

Steel Ba" TR
Cantilever
Magnet LR
Kiils il Round Hole

u y no u es EL L L LA
Elongated Slot

2. The center of the camera on the monitor screen is the approximate position of the
last user’s cantilever, and therefore the beam. It is very important to NOT adjust

the optical alignment knobs in order to make Section 6-5 much easier.
Attach Head to the NX-Hivac Main System

5-1-4. Select Head Mode/Cantilever
1. Attach the head to the NX-Hivac main system in inverse order of Figure 5-2
Turn off the Line scan by clicking the Head mode box to select Head mode and th
en clicking the Setup box in the SmartScan™ software.
2. Select the desired Head mode in this SmartScan™ Part Selection dialog. Then,
turn on the Line scan.
Figure 5-4. Part Selection Dialog

(o Select Cantilever
Setup
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5-1-5. Find Cantilever

1. Move the focus stage down nearby the head using the focus motor control in the
software. As you click upper or lower position from the center bar on the stage pad,
the stage will move up or down. If you cannot move the focus stage, please move
down the Z stage a little in maintenance mode (Mode->Maintenance mode) and
try again.

2. Turn the X and Y optical alignment knobs to find the cantilever on the camera. Pay
close attention to how much you turn in order to perform Step 5.

3. The cantilever is on the cantilever chip and the cantilever chip is mounted on the

chip carrier. Therefore, you only need to focus on the cantilever.

*When you cannot find the cantilever
a) Move the head towards the sample, using the Z stage motor control in SmartScan™, as
close as possible by visually monitoring the cantilever-sample separation. If the head
cannot move down after the error message "Laser intensity is too low” appears, change
the mode to maintenance mode. [Mode ->Maintenance mode]

WARNING!

Be careful when controlling the Z stage in maintenance mode as the interlock f
unction to protect the system against head crashes is deactivated. Crashing the ca

ntilever into the sample may heavily damage the XY or Z scanners.

b) Focus on the sample surface using the Focus stage motor control in SmartScan™.
Find the cantilever chip shadow by the illuminator, using the X and Y optical alignment

knobs.

Left: Sample Surface, Right: Cantilever Shadow on Sample Surface

c) Lift the Focus stage up, and you can see the cantilever chip substrate. Then, move the

optical alignment knobs to position the cantilever on the center of the vision program.
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Figure 5-5. Focus On Cantilever

S Cantilever

> Cantilever Chip

> Chip Carrier

Mounted Cantilever
Optics

Probe Hand

Focus on Cantilever Chip
1
\
‘ /
\

5-1-6. Align Beam on Cantilever

Focus on Cantilever

The AFM obtains images of the sample surface by detecting the bend of the cantilever

using the position of a reflected laser beam since these deflections are too small to detect
directly. Align the laser beam on the backside of the cantilever.

Remember how much you turn the X and Y optical alignment knobs to find the cantile
ver on the camera. Repeat the EXACT translation, but with the beam alignment knobs. De

pending on how accurate your movements are, the beam should be near the edge of the ¢
antilever or cantilever chip substrate.

Focus on the Cantilever Chip Substrate: It is easier to find the beam by placing it o

n the edge of the cantilever chip substrate with the Y beam alignment knob since it
s area is large.

Find Beam Spot: While turning the Y beam alignment (large knob on the left side o
f head) CLOCKWISE, you should see the beam spot move UP on the cantilever. A

bright spot (see Figure 5-6) appears when the beam hits the edge of the cantileve
r chip substrate.

Position Beam Spot on Front Half of Cantilever: With the beam spot on the edge o

f cantilever substrate, turn the X beam alignment knob. You should see the beam
spot move along the edge of the cantilever chip substrate.

NOTE!

If you don’t observe ALL of the above, then the spot you see on the cantilever is
not the direct laser beam.
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Figure 5-6. Focus On Cantilever

*When Beam spot cannot be found:
You can easily find the laser using the IR chip carrier.

5-1-7. Align Beam on PSPD

The reflected laser beam from the cantilever travels to the PSPD (position sensitive p
hoto detector) where its position is tracked and this data is then fed into a feedback loop ¢
ontrolling the vertical motion of the Z scanner. This feedback is active at all times when the
AFM is powered on. This detection scheme allows cantilever movement smaller than an a
tomic radius to be measured by the AFM.

Align the reflected laser beam from the cantilever to the PSPD by controlling the PSP
D alignment knobs.,

1. TurnY PSPD alignment knob to maximize INTENSITY.

2. Turn X PSPD alignment knob to maximize INTENSITY.

NOTE!

Align the PSPD to find the maximum INTENSITY signal. The easiest way to do
this is to change only one alignment knob at a time (either the X or the Y) until a maximum
is found, then move to the other knob and repeat the process. If you adjust both knobs at
once, the process will be difficult.

CAUTION!

If the PSPD alignment knob is too tight or loose during adjustment, the Sus ball
between the knob and mirror can fall out. The laser beam will not align to the PSPD when
the knob is too tight or too loose.

3. Repeat steps 1 and 2 until beam intensity is maximized (2-3V when the backside

of cantilever is metal-coated as general) on the PSPD.
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NOTE!

Sometimes if the backside of the cantilever is rough or coated, INTENSITY can
be smaller or bigger. In general, when the cantilever surface is not coated with metal, the
INTENSITY value is closer to 1V because of the difference in surface reflectivity.

4. When INTENSITY is maximized, turning the X PSPD alignment knob (small right k
nob on front of head) CLOCKWISE will move the red spot on the PSPD to the LEF
T. Turning the Y PSPD alignment knob (small left knob on front of head) CLOCK
WISE will move the red spot on the PSPD UP. By adjusting the knobs, position th
e beam spot (red spot) on the center of the PSPD in SmartScan™ so that VERTIC
AL, LATERAL value is smaller than +0.5V.

*When INTENSITY value on PSPD is too small:

Even if the VERTICAL value is within the acceptable range, if the INTENSITY value is
too small, it may be difficult for the beam to approach the center of the PSPD and for the
tip to approach the sample properly. Therefore, a proper INTENSITY value should be
obtained before adjusting the VERTICAL. If the INTENSITY is too small, then the beam
path depicted in the figure below is not optimized. In this case, by using the IR detector
card, check if the beam is located in beam path. After adjusting the direct beam spot on

the PSPD, proceed to the PSPD alignment procedure.

SLD. Mirror.

Steering Mirror.

Cantilever.
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NOTE!

Turning the X or Y PSPD alignment knob can make INTENSITY (beam intensity)
suddenly smaller. In this case, stop turning the X or Y PSPD alignment knob and turn it the
opposite direction.

5-1-8. Approach Tip to Sample

1. Set Point Setting:

a) Contact Mode

- Set Point in Contact Mode: Reference force for Z feedback
As the cantilever and sample’s surface get closer, the repulsive force
between tip and sample grows bigger, the cantilever bends more and PSPD’
s VERTICAL value changes. We can calculate force between the sample’s
surface and cantilever through changed VERTICAL value. For Z scanner
feedback loop, the specific force is chosen, called the ‘Set Point’ in Contact
mode.

- Contact Mode uses the repulsive force that actually makes physical contact
between the tip and sample’s surface. In other words, applying the Set Point
more means that the tip pushes on the sample stronger.

b) Non-contact Mode

- Set Point in Non-contact Mode: Reference amplitude for Z feedback
The cantilever vibrates after setting the drive frequency and drive amplitude
to resonant frequency. As the cantilever and sample’s surface get closer, the
attractive force between tip and sample increases and the cantilever’s
vibration amplitude will decrease. For the Z scanner feedback loop,
the specific amplitude is chosen, called the ‘Set Point’ in Non-contact mode.

- Drive amplitude is changed depending on the distance between the tip and
sample’s surface. Therefore, the ‘Set Point’ also is the distance between the
probe tip and the sample surface.

- Perform frequency sweep (NCM ASetup). Please make sure the selected

frequency is within the range of resonant frequency.

The amplitude of the selected frequency (red cross)-drive amplitude is

recommended to be set near 20nm.

- You need to adjust the drive amplitude depending on your sample.
For example, setting the drive amplitude over 20nm might be more effective

when the sample is fragile and/or consists of strong adhesion force.
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2. Check Desired Position on Sample:

a) Bring tip a few millimeters from the sample.
- Move head towards the sample using the Z-stage motor control in the software.
Visually inspect the tip-sample separation. Stop when the tip is a few
millimeters from sample.

- Focus on cantilever.

b) Bring tip 50-100 xm from sample.
- After the cantilever is focused, lower the focus stage until the sample is focuse
d in order to check the sample surface.
- Lift the focus stage until the cantilever is focused then and lower the focus
stage about 50~100um from the cantilever.
- Move the Z stage slow down until the sample surface comes into focus, and
the distance between the cantilever and the sample is approximately 50~100um.

- Focus on the cantilever using the focus stage motor control in the software.

Figure 6-7. Focus on Sample/Cantilever Positon

‘/ Cantilever, Focus Focus stage down Cantilever
______ :_ :‘:‘g:j-_o.'}um Focus
Sample
Saple
Z stage down

Focus stage up

:’> ‘U/ Cantilever, Focus :> Approach
50~100um

Sample

WARNING!

If the cantilever and sample are in focus at the same time, the tip has crashed
into the sample. The cantilever and sample should NOT be in focus at the same time.

3. Approach
- Click “Approach” (underneath the Z stage motor control). When the light to the

right of the motor controls stops blinking, the tip’s approach is complete.
- The upper half of Z scanner bar in the PSPD window will be green if
“Approach” is successful. Before approaching, it is recommended to set the

scan size to 0 and Z servo gain to 1 in the scan control window.
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CAUTION!

Don’t perform a frequency sweep after approach.

CAUTION!

Don’t move the XY position using XY stage after approach.

CAUTION!

Don’t turn off the beam after approach.

5-1-9. Imaging

1. Channel Config Setting

- Select the desired input signals in Channel Configuration [Setup-> Channel Co
nfig].

- If the desired input signal isn’t shown in the main panel of Input Config, Click th
e [.] b