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Chapter 1 Overview

1.1

Introduction

Thismanual details the use of application modules with a phase-equipped MultiMode™ Scanning
Probe Microscope (SPM) or aDimension™ SPM operated either by a NanoScope® |11 or
NanoScope® Il1a Controller in conjunction with a Quadrex™ module, or operated by a
NanoScope® IV Controller (with Quadrex built-in). Refer to Support Note 322A, Quadrex for
discussion of the Quadrex module. Refer to the NanoScope IV Controller Manual for discussion of
Quadrex features for SPMs operated by the NanoScope IV Controller. Quadrex capabilities are
identical for phase-equipped SPMs, regardless of which controller is used.

For specifics of your SPM, refer to its accompanying instruction manual. For coverage of all
software commands and details of the various modes of operation (Real-time, Offline, Image,
Scope, Force, and so on), refer to the Command Reference Manual. Similarly, add-on modules,
sensors, and even areas of investigation (such as electrochemistry) are introduced in Support Notes
and Application Notes. Programmabl e aspects of NanoScope software applicable even to SPM
systems without a robot are described in the Automation Supplement. The Scanning Probe
Microscopy Training Notebook is a compact introduction for getting started on MultiMode and
Dimension SPMs.

A Generation |1 SCM Application Moduleisrequired for operation with an NSIV Controller or the
Quadrex module. A Generation | SCM Application Modul e operates with the Quadrex predecessor,
the Extender Electronics Module, and a phase-equipped Dimension SPM.
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Overview
Conventions

1.2 Conventions

For brevity, Veeco Instruments Inc. is referred to as Vieeco.

In theinterest of clarity, certain nomenclature is preferred. An SPM probe is comprised
of atip affixed to a cantilever mounted on a substrate, which isinserted in a probe
holder.

Three font styles distinguish among contexts. For example:
Window or Menu Item > BUTTON NAME is set to Value.

NSII(A) is used to refer to either a NanoScope 111 or NanoScope [1la. NSIV refersto
the NanoScope IV Controller.

A phase-equipped SPM implies that an SPM has the required modification to perform
Phaselmaging in any of the following configurations:

e NSIII(A) Controller and Quadrex Module
e NSIII(A) Controller and Extender Electronics Module
e NSV Controller

A phase-equipped SPM may also be referred to as extended, or equipped for Quadrex,
or equipped for Extender Electronics.

The Control Monitor is generally used for providing access to control parameters and
the Display Monitor for displaying scanned images or other results (for example., sweep
curves).

Note: There are two versions of MultiMode application modul e packaging, one of
which appearsin this manual. They are functionally equivalent and visually
similar.

Figure 1.2a Quadrex Phaselmaging Module for NanoScope I11, I11a Controllers

Aﬁ_c. -

-
p Meonne
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Safety Precautions

1.3 Safety Precautions

Tablel.3a Safety Symbols Key

Symbol

Definition

This symbol identifies conditions or practices that could
result in damage to the equipment or other property, and in
extreme cases, possible personal injury.

Ce symboleindigue des conditions d’ emploi ou des actions
pouvant endommager |es équipments ou accessoires, et
qui, dans les cas extrémes, peuvent conduire a des dom-
mages corporels.

Dieses Symbol beschreibt Zustaende oder Handlungen die
das Geraet oder andere Gegenstaende beschaedigen koen-
nen und in Extremfaellen zu Verletzungen fuehren koen-
nen.

This symbol identifies conditions or practices that involve
potential electric shock hazard.

Ce symbole indique des conditions d'emploi ou des actions
comportant un risgue de choc éectrique.

Dieses Symbol beschreibt Zustaende oder Handlungen die
einen elekrischen Schock verursachen koennen.

Thissymbol identifiesalaser hazard. Exposure could result
in eye damage.

Ce symboleindique un risque lié aun laser. Une exposition
ace laser peut entrainer des blessures aux yeux.

Dieses Symbol bedeutet “ Gefahrliche Laserstrahlung”.
Laserstrahlung kann zu Beschadigung der Augen fihren.

This symbol identifies amechanica crushing hazard. Mov-
ing parts can result in serious injury to hands or fingers.

Ce symbole indique un risque d'écrasement. Déplacer des
pieces de |'appareil peut entrainer des blessures séveres des
mains ou des doigts.

Dieses Zeichen bedeutet “ Quetschungsgefahr durch mech-
anisch bewegte Teile” Bewegliche Teile kdnnen zu erhebli-
chen Quetschverletzungen von Fingern oder Handen
fuhren.

Rev. D
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Safety Precautions

WARNING:

AVERTISSEMENT:

Only qualified personnel aware of the hazards involved may
perform service and adjustments.

Toute réparation ou étalonnage doit étre effectué par des
personnes qualifiées et conscientes des dangers potentiels.

WARNUNG: Service- und Einstellarbeiten sollten nur von qualifizierten
Personen, die sich der auftretenden Gefahren bewuf3t sind,
durchgefuhrt werden.

WARNING: Follow company and government safety regulations. Keep

AVERTISSEMENT:

unauthorized personnel out of the area when working on
equipment.

Il estimpératif de suivre les prérogatives imposées tant au niveau
gouvernemental qu’ au niveau des entreprises. Les personnes non
autorisées ne peuvent rester pres du systéme lorsque celui-ci
fonctionne.

WARNUNG: Befolgen Sie die gesetzlichen Sicherheitsbestimmungen lhres
Landes. Halten Sie nicht authorisierte Personen wéhrend des
Betriebs fern vom Gerét.

WARNING: Voltages supplied to and within certain areas of the system are

AVERTISSEMENT:

WARNUNG:

potentially dangerous and can cause injury to personnel. Power-
down everything and unplug from sources of power before doing
ANY électrical servicing. (Veeco personnel, only).

Lestensions utilisées dans | e systéme sont potentiellement
dangereuses et peuvent blesser les utilisateurs. Avant toute
intervention éectrique, ne pas oublier de débrancher e systéme.
(Réservé au personnel de Veeco seulement).

Die el ektrischen Spannungen, die dem System zugefihrt
werden, sowie Spannungen im System selbst sind potentiell
gefahrlich und kdnnen zu Verletzungen von Personen fihren.
Bevor elektrische Servicearbeiten irgendwelcher Art
durchgefiihrt werden ist das System auszuschalten und vom Netz
zu trennen. (Nur Veeco Personal).

Application Modules: Dimension and MultiMode Manual Rev. D
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Safety Precautions

WARNING: Use of controls or adjustments or performance of procedures
other than those specified herein may result in hazardous laser
light exposure. The use of optical instruments with this product
will increase eye hazard.

AVERTISSEMENT: Toute utilisation, ou étalonnage ou de modification, autre
que ci-dessous décrits, peut entrainer une exposition dangereuse
alalumiére du laser. L' utilisation de systémes optiques avec ce
produit peut entrainer un danger pour les yeux

WARNUNG: Die falsche Verwendung dieses Gerates mit nicht in diesem
Handbuch beschriebenen Vorgehensweisen kann geféhrliche
Laserstrahlung frei setzen. Optische Instrumente, die zusammen
mit diesem Produkt verwendet werden, kdnnen evtl.
Augenschaden hervorrufen und verstérken.

Rev. D Application Modules: Dimension and MultiMode Manual 5/(6 Blank)






Chapter 2 Operating Principles

2.1

Introduction

Although the five application modules have been engineered to share as many characteristics as
possible to simplify installation and exchange of sensors (modules), each has a separate
measurement function, described in the following five sections:

* SCM Theory: Section 2.2

* TUNA and Extended TUNA Theory: Section 2.3

* SSRM Theory: Section 2.4

* C-AFM Theory: Section 2.5

e SThM Theory: Section 2.6

2.2 SCMTheory

Scanning Capacitance Microscopy (SCM) images two-dimensional carrier profilesin
semiconductor devices and materials, measuring small capacitance variations with high spatial
resolution.

While scanning in Contact Mode, the tip and sample form a small metal-insul ator-semiconductor
(M1S) capacitor. The capacitance value is monitored using a high frequency resonant circuit. By
maintaining a constant force between tip and sample, simultaneous topographic and capacitive
images are generated, enabling the direct correlation of local topography with electrical properties.
Selectable AC and DC biases are applied between the sample and the conductive tip, with the tip
acting as avirtua ground.

An UltraHigh Frequency (UHF = 880 to 1050M Hz) resonant capacitance sensor isthe basis of the
capacitance detection. A resonator is formed with the MIS capacitor at the end of atransmission
line. Tip-sample capacitance variations change the resonant frequency of the high-Q circuit (Q
equals the resonant frequency divided by the width of the resonance at half of its peak amplitude,
where resonance refers to the function response amplitude versus driving frequency). Small
changes in resonant frequency create enormous changes in response amplitude at frequencies near
either the starting or the ending resonant frequency (see Figure 2.2a). The SCM system is capable

of 10"%2F/VHz sensitivity.

Rev. D
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SCM Theory

Figure 2.2a Example: Compare Response Amplitude at 1GHz Between Two Nearby Resonances

1st Response
------ 2nd Response

05

Response Amplitude (Volts)

0 1 2 3
Frequency (GHz)

A kilohertz AC bias voltage is applied to the semiconductor to induce capacitance variation in the
sample (see Figure 2.2b). Thetip aternately attracts and repels free carriers beneath the tip due to
the alternating electric field. This carrier behavior may be modeled as a moving capacitor plate
(see Figure 2.2¢). Three quantities determine the depth of depletion and hence capacitor plate
motion:

e The strength of the applied field.

e Thequality and thickness of the dielectric (usually an oxide) between the conductive
probe and the semiconductor.

» Thefree carrier concentration.

The absolute resolution is generally afew nanometers greater than the radius of the tip. Lateral
resolution is dependent on the following:

e The€effective radius of thetip.
» Thethickness of the oxide between the tip and the sample.

e The applied bias between the tip and the sample.

8 Application Modules: Dimension and MultiMode Manual Rev. D
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Figure2.2b Scanning Capacitance Microscopy Block Diagram
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Scanning capacitance microscopy measures the rate of change of the MIS capacitance with change
in applied voltage, dC/dV. Metal-insul ator-semiconductor capacitance varies with the depletion/

accumulation depth under the tip.

Figure2.2c Change from Accumulation to Depletion During SCM Due to Alternating Electric Field
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If asemiconductor surface is free of oxide, the tip/sample interface is a Schottky contact (direct
metal to semiconductor contact). In this case, the physics of the interaction is more complex and

current flows between the capacitor “ plates.”

Figure 2.2d shows atypical high frequency capacitance-versus-voltage (CV) relationship for high
and low concentration N-type semiconductors. For P-type material, the CV curve polarity inverts.
With a positive voltage applied to the gate (the conductive probe in this case), the carriersin the
material (electrons for N-type) are attracted to the surface and accumulate there. In accumulation,
the capacitor plates for the semiconductor are close together and the MIS capacitance is the
capacitance across the dielectric oxide. As the voltage on the gate swings negative, the electrons

Rev. D
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move away from the gate, depleting the material of carriers. Thisincreases the spacing between the
semiconductor capacitor plates and lowers the capacitance.

The lower concentration material depletes faster; hence the capacitance decreases faster with
voltage. Therefore, the slope of the CV curve (or dC/dV) islarger for the low concentration.

By applying a constant amplitude AC voltage, V¢, while varying the DC voltage, V¢, and

measuring the capacitance across the tip/sampl e dielectric, the derivative of the CV curveis
obtained: dC(V)/dV = AC(V pc)/Vac. Integrating, determines the C(V) function:
C(V) — f accumu]ation <%C(V)) dV

(Vpc=0)

To avoid overdriving an uncharacterized semiconductor, use Constant Depletion SCM Mode by
applying feedback from the measured capacitance to the applied AC voltage to maintain a constant
MIS capacitance, so a constant depletion depth.

Figure2.2d N-type Capacitance versus Applied AC Voltage (CV) Curves, by Carrier Concentration

N-Type CV Curve

High Concentration Accumulation

Capacitance

Low Concentration

Low AC
Doping

|-—VAC—|-| Voltage
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2.3 TUNA and Extended TUNA Theory

Tunneling Atomic Force Microscopy (TUNA) extends to high resistance sample surfaces the
original SPM implementation, scanning tunneling microscopy of conductive samples. TUNA
measures sub-picoampere tip/sample currents through highly resistive samples.

The geometry of the tip determines the lateral resolution, which is roughly equal to the end radius
of the tip. With the tip at virtual ground, a selectable bias voltage is applied between the conductive
tip and sample (see Figure 2.33). While scanning in Contact Mode, alinear amplifier with arange
of 80fA to 120pA senses the current passing through the sample. By maintaining a constant force
between tip and sample, simultaneous topographic and current images are generated, enabling the
direct corrélation of local topography with electrical properties.

TUNA isespecialy useful for evaluating dielectric films subject to breakdown, such as silicon
dioxide, SIO,, and transistor gate oxide. Tip/sample tunneling current depends on film thickness,
leakage paths, possibly caused by defects, charge traps and tip geometry. TUNA is also used to test
theintegrity of tribological films, such as Diamond-Like-Carbon (DLC) as used in magnetic
recording head/disk interfaces, and conductivity in small structures, such as light-emitting
polymers and carbon nanotubes.

Figure2.3a Tunneling AFM (and Conductive AFM) Block Diagram

Deflection Feedback System

I
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I
I

|
|
|
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e | > toA/D
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Probe
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Extended TUNA theory isthe same as TUNA (see above), with the exception that Extended TUNA
has the additional range of C-AFM.
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2.4 SSRMTheory

Scanning Spreading Resistance Microscopy (SSRM) exceeds the range of tip/sample currents
tolerated by the TUNA Application Module to measure sampl e surface resistance. SSRM measures
the resigtivity (the reciprocal of conductivity) of samples spanning a wide range of conductivity,
from insulating through semiconducting to metallic. SSRM is especially useful in two-dimensional
mapping of electrical carriersin semiconductors.

The geometry of the tip determines the lateral resolution, which is roughly equal to the end radius
of the tip. With the tip at virtual ground, a selectable bias voltage, Vp, is applied between the
conductive tip and sample. While scanning in Contact Mode, alogarithmic current amplifier with a
range of 10pA to 0.1mA senses the current, |, passing through the sample. Resistance is cal culated
from Ohm’'sLaw: R =V ¢/l. Materid resistivity, in ohnm-meters, is defined as the resistance times
the cross-sectional area divided by the length of the conducting path made of the material. By
maintaining a constant force between tip and sample, simultaneous topographic and current images
are generated, enabling the direct correlation of local topography with electrical properties.

The resistance measured is the sum of contact resistance at the tip/sample interface plus the
spreading resistance radially from the point of contact plus the bulk resistance along the path(s)
completing the circuit to the conductive platform supporting the sample. To reduce the material-
independent contribution of contact resistance to the total resistance measured, contact area cannot
be appreciably increased without losing spatial resolution, so contact force isincreased above the
minimum necessary to maintain contact. For instance, on silicon, a few micronewtons of force,
combined with alow sample bias voltage (e.g., between -1V and 1V) provide a consistent low
contact resistance while scanning the surface of most compound (such as InP- and GaAs-based)
semiconductor structures. Where alower forceis required (to avoid tip/sample wear), increase the
bias by several volts. For anideal circular, Ohmic contact, the spreading resistanceis R = p/4r,
where p isthe local sampleresistivity and r is the radius of the contact.

A sample SSRM imageis shown in Figure 2.4a.

Figure2.4a SSRM Image of a Silicon- bawd MOSFET (5um Scan)
i uHHI"“" ""NHHIIH i i
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a). Topography b). Resistance
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2.5 C-AFMTheory

Conductive Atomic Force Microscopy (C-AFM) expands the range of tip/sample currents used to
image surfaces as compared to the TUNA Application Module, while maintaining the same high
lateral resolution. While TUNA specializesin very small currents, C-AFM is suitable for imaging
samples spanning awide range of conductivity, particularly, the more conductive.

With thetip at virtual ground, a selectable bias voltage is applied between the conductive tip and
sample (see Figure 2.3a). While scanning in Contact Mode, alinear amplifier with arange of 1pA
to 1pA senses the current passing through the sample. By maintaining a constant force between tip
and sample, simultaneous topographic and current images are generated, enabling the direct
correlation of local topography with electrical properties.

2.6 SThMTheory

Scanning Thermal Microscopy (SThM) allowsthe user to resolve sample areas by their temperature
variation. Current applications include imaging for failure analysisin integrated circuits and
magnetoresistive hard disk heads. Factors to consider when performing thermal imaging include
the following:

«  Four hardware items are required for operation: 1) an Extender™ Electronics Module;
2) thermal application module; 3) thermal tips; and 4) thermal probe holder.

* Because severd factors influence thermal imaging, it may prove difficult to precisely
determine absolute |ocal temperature. Nonetheless, thermal imaging will give excellent
contrast between sites having minor temperature differences.

CAUTION: Thermal tips are easily damaged by electrostatic discharge (ESD).
Handle tips only when electrically grounded with awrist strap!

15um 15um
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2.6.1 Thermal Tips

Thermal tips consist of silicon nitride tips with thermistors deposited on the tip.

Figure2.6b Thermal Tip

Thermistor —Jp

(Cross Section)

Tip Apex

(Top View)

The thermistor portion of the tip changes resistance as a function of temperature while being
scanned across the sample. These changes are mapped relative to the tip’s X- and Y-axis position,
resulting in athermal image of the surface. The electronic circuit used to sense temperature consists
of awheatstone bridge and differential amplifier (see Figure 2.6¢). Circuit controls are located on
the right side of the SPM thermal head (located on the top when mounted on the MultiMode).

Figure2.6c Sensor Circuit used with Thermal Tips

A
W—g——
tip
Gain

A \AN off
'
coarse
R } offset Rcoarse + Rfl ne
fine

VoltageV yiqge Appearsin both branches of the bridge. When thetip isinstalled, offsets are adjusted
so that Ryt = Ryjp. Once this condition is satisfied, Vi, = Vg and the bridge is balanced. Then, as
Riip heats up or cools down, Vy;, = Vg, yielding avoltage at the output of the differential amplifier

proportional to the temperature at the thermistor. Normal circuit biasing in the wheatstone bridge
operates the thermistor at anominal current of 50 uA, depending upon the resistance (and
temperature) of the probe.

Vbridgei
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Chapter 3 Hardware and Software
Installation

3.1 Introduction

This chapter details the install ation procedures for the application modul es, Quadrex Extender
module, and the NanoScope software setup. Please refer to the following sections:

» System Requirements: Section 3.2

» Dimension Application Module Instrumentation and Installation: Section 3.3
* MultiModeApplication Module Instrumentation and Installation: Section 3.4
* Ingtalling the Quadrex Module: Section 3.5

» Software Setup: Section 3.6

Rev.D Application Modules: Dimension and MultiMode Manual
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3.2 System Requirements

The minimum system requirements needed to install and operate an application module include:

» Software Version 5.12r4 or higher, NT

» Dimension 3000, 3100, or 5000 or MultiMode with NanoScope |V controller or
NanoScope Illawith Quadrex module

Quadrex and application module performance (see Table 5.3a, page 112) assume maintenance of

the environmental conditions listed in Table 3.2a.

Table3.2a Environmental Requirements

Equipment Use Condition Requirement
Operation Temperature 15°C (59°F) to 35°C (95°F)
Relative Humidity 45% to 80%, non-condensing
Storage Temperature 10°C (50°F) to 50°C (122°F)
" Relative Humidity 35% to 90%, non-condensing

16 Application Modules: Dimension and MultiMode Manual
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3.3 Dimension Application Module Instrumentation and
Installation

e Hardware Description: Section 3.3.1

» Dimension Application Module I nstallation: Section 3.3.2

3.3.1 Hardware Description

The Dimension application module hardware consists of the following items:

Application Module AFM Scanner

Allows the user to mount the application module using two screws (size: 2-56, 1 1/4") (see Figure
3.3a).

Figure 3.3a Application Module AFM Scanner and Application Module Sensor

Application Module
AFM Scanner

Application Module
Sensor (SSRM shown)

Quadrex Module or NanoScope IV Controller

Contain specialized electronics for standard AFM imaging, extended AFM imaging, and
application module (SCM, SSRM, TUNA, C-AFM and SThM) imaging. (See I nstalling the
Quadrex Module: Section 3.5 for more information).
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Application Module Sensor

The application module sensor contains the resonance circuit necessary for capacitance imaging.
You may mount the application module sensor on the application module AFM scanner using two
screws. It connects to the application module electronics box using the subminiature D-15
connector (see Figure 3.3aand Figure 3.3b).

Figure3.3b Application Module AFM Sensors

Application Module Probe Holder

The probe holder provides electrical connection from the tip to the application modul e sensor,
while maintaining standard features for contact mode and tapping mode imaging.

SSRM, TUNA, Extended TUNA and C-AFM share a common probe holder (see Figure 3.3c).
SCM and SThM tips have specific probe holders (see Figure 3.3d and Figure 3.3€).

Note: Using the application module AFM scanner and Quadrex module, you can
operate all application modules provided that you have the corresponding
sensors and probe holders.
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Figure3.3c Dimension SSRM, TUNA, Extended TUNA and C-AFM Probe Holder

Grounding Wire (only used for
Extended TUNA)

for TappingMode Connects to the
Application Module

¥ . )
Piezoelectric Crystal y \~_<— Universal Connector:

Probe Clamp

Figure3.3d Dimension SCM Probe Holder

—— Probe Clamp

o
—
o
Universal Connector: Piezoelectric Crystal
Connects to the for Tappiryg.Mode
Application Module (Barely Visible)
Figure 3.3e Dimension SThM Probe Holder
(Underside of probe
holder in open position)
Probe Clamp

Piezoelectric Crystal
for TappingMode
(Barely Visible)
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Probe Module Universal Connector
All Dimension application modules are provided with atiny wire, the Probe Module Universal
Connector (Universal Connector), which isonly required when amoduleisin use (see Figure 3.3f).

Figure3.3f TUNA Application Module with Universal Connector Inserted

Insert this end into the Probe
Holder (see Step 5 below.)

M

Universal Connector TUNA Application Module
WARNING: Turn power off to all system components before making cabling
connections.

3.3.2 Dimension Application Module Installation

Installation of the Dimension system for application modules differs from a standard Dimension
system only in the installation of the application module sensor on the AFM scanner head. For
other installation issues, see your Dimension instruction manual.

1. Remove the head by completing the following:
a.  Unplug the Dimension head 21-pin connector.

b. Tighten the clamping screw on the right hand side of the dovetail mount by turning it
clockwise.

c. Gently remove the head.
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2. Place the application module sensor flush on the flat part of the piezo guard, and tighten it
down using the two #2-56 screws. Be careful not to overtighten (see Figure 3.3g and
Figure 3.3h).

Note: Thealen head screws and a matching allen wrench are included in the
application module kit.

Figure3.3g AlignApplication Module AFM Scanner and Sensor

Scanner

Sensor

Figure 3.3h Mounting of the Sensor on the Application Module AFM Scanner

Scanner

Sensor
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3. Install the Dimension head on the dovetail mount by completing the following
(see Figure 3.3i):

a. Release the clamping screw by turning it counter-clockwise until the head is secure.

b. Plug the head 21-pin connector and the application module 15-pin connector into the
receptacles on the front of the microscope el ectronics box.

Scanner Sensor

When installing the Dimension head, carefully check the clearance between the sample/stage and
the tip/scanner to prevent the tip/scanner from crashing into the sample/stage. If it appears that the
tip/scanner may crash when fully inserted, remove the Dimension head completely and execute the
Motor > Withdraw command. Y ou may also select Stage > Focus Surface and use the trackball
to obtain sufficient clearance and avoid a crash

Note: It isvery important to release the clamping screw on the dovetail, and ensure
the Dimension head istightly secured in the mount. A loose Dimension head
causes alarge increase in image noise due to reduced rigidity of the mechanical
support of the SPM head.

4. Ingtal atip in the appropriate Dimension probe holder (see Figure 3.3d and Figure 3.3¢); for
SCM, C-AFM, SSRM and TUNA, refer to your Dimension instruction manual for guidance;
for SThM refer to Dimension SThM Tip Selection and Mounting: Section 4.7.2).
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5. Insert one end of the Universal Connector into the central single-wire socket of the
application module you areinstalling (see Figure 3.3c and Figure 3.3d). Each application
module has an unique location to attach the Universal Connector (see Figure 3.3)).

Figure3.3j All Application Modules with Probe Module Universal Connector Installed

Test Bias

Universal Connector Grounding Universal

Wire Connector

Test Bias

TUNA

“SThM
Universal Connector and Grounding Wire Universal
(They can be inserted in to either socket) Connector
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3.4 MultiMode Application Module Instrumentation and
Installation

* Hardware Description: Section 3.4.1

» Application Module Installation: Section 3.4.2

3.4.1 Hardware Description

The MultiMode application module hardware consists of the items listed below.

Application Module AFM Scanner

Allows the user to mount the application module using two springs (see Figure 3.4a). A single
modified head platform supports any one of the five modules at atime. Modules are quickly and

easily exchanged and installed to facilitate analysis of the same sample by complementary,
alternative techniques.

Figure 3.4a MultiMode Applications Module Scanner Head

Quadrex Module or NanoScope IV Controller

Contain speciaized electronics for standard AFM imaging, extended AFM imaging, and
application module (SCM, SSRM, TUNA, Extended TUNA, C-AFM and SThM) imaging. See
Installing the Quadrex Module: Section 3.5 for more information.
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Application Module Sensor

You may mount the application module sensor on the application module AFM head using two
screws. It connects to the Quadrex module electronics box using the subminiature D-15 connector

(see Figure 3.4b).

Made from non-conductive materials, the probe holder maintains standard features for contact
mode and tapping mode imaging while reducing electrical noise (see Figure 3.4c and Figure 3.4d).

Figure3.4b Application Module AFM Sensors

3

Application Module Probe Holder

025

TUNA, SSRM and C-AFM share acommon probe holder. SThM has a specific probe holder.

Figure 3.4c MultiMode Application Module Probe Holder (SCM, C-AFM, SSRM and TUNA)

Piezoelectric
Crystal for
TappingMode
Universal Connector
Socket

Probe Clamp (Install

tip on opposite side). Probe Holder Handle
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Figure3.4d MultiMode SThM Probe Holder

Probe Clamp

Probe Holder—pp»

Handle

(Underside of probe holder in open/imaging position)

Electrostatic Discharge (ESD) Protection Jumper
Of the currently available MultiMode application modules, four are ESD-sensitive (TUNA, SSRM,

C-AFM and SThM). These are supplied with atiny Static Protection Jumper (see the loop of wire
extending from the application modules on the right of Figure 3.4¢€).

Figure 3.4e Static Protection Jumpers

ESD Protection Jumpers
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WARNING: L eave the ESD Protection Jumper connected between the two single-
wire connectors on one side of TUNA, SSRM, C-AFM and SThM
modules when not in use. To avoid electronics damage, take
precautions such as grounding oneself before removing the ESD
Protection Jumper to install one of these application modules.

Probe Module Universal Connector
All MultiMode application modules are also provided with ancther tiny wire, the Probe Module

Universal Connector (Universal Connector), which is only required when amoduleisin use (see
Figure 3.4f).

Figure 3.4f TUNA Application Module with Universal Connector Inserted

Insert this end in to the Probe
Holder (see Step 7 below).

N

Universal Connector TUNA Application Module
WARNING: Turn power off to all system components before making cabling
connections.

Rev.D Application Modules: Dimension and MultiMode Manual 27



Hardware and Software Installation
MultiMode Application Module Instrumentation and Installation

3.4.2 Application Module Installation

Note:  Only one application module may be used at atime.

To install an application module;

1. Remove the existing head:

a. Turn off power to the entire SPM system through the NanoScope Controller.

b. Disconnect the head connector from the MultiMode scanner (see Figure 3.49).

Figure 3.4g Remove MultiMode Head from Scanner

Spring
Attachment
Post

Head/Scanner
Cable

Spring

Spring

c. Stahilizing the existing MultiM ode head in one hand, use atweezer to lift off the end of
the spring on each side holding the head to the MultiMode scanner (see Figure 3.49).
Store the standard MultiM ode head for future use.

2. With one hand, stabilize the Applications Module Head (see Figure 3.4h) on the MultiMode
scanner. Using atweezer, loop the free end of the spring on each side of the scanner over the

corresponding spring attachment post on each side of the Applications Module Head
(see Figure 3.4i).
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Figure3.4h Multiple Views of the MultiMode A pplications Module Head

3. Ingtal atip in the MultiMode Application Module Probe Holder (see Figure 3.4c and Figure
3.4d); for SCM, C-AFM, SSRM and TUNA, refer to your MultiMode instruction manual for
guidance; for SThM refer to MultiMode SThM Tip Selection and M ounting: Section

4.7.3).

Note:  All application modules require a conductive tip (e.g., SCM-PIT tips coated
with platinum/iridium, TESP and OTESP tips coated with aluminum or gold-
coated MESP tips).
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4. Placethe probe holder in the MultiMode Applications Module Head and clamp it in place.

CAUTION: TUNA, SSRM, C-AFM and SThM Application Module installation
only: verify that you and the application module are ESD-protected
through garment and/or tabletop mat grounding and/or work area air
ionization. Remove the ESD Protection Jumper from the application

module being installed (see wire loop protruding from each of theright
three modulesin Figure 3.4a).

5. Insert one end of the Universal Connector into the central single-wire socket of the
application module to be installed (see Figure 3.4f and Figure 3.4)).

Figure 3.4j MultiMode Universal Connector Insertion Locations in the Application Modules

For each module, insert the end of the Universal Connector into the appropriate socket.
The circles below indicate the socket locations for each module.

Ext. TUNA

S

Test  Universal Universal Test Universal Universal
Bias  Connector Universal Bias Connector Bias Connector Connector
Socket Connector Socket Test  Universal Socket Socket
Socket Bias Connector

Socket
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6. Hold the application module on the head platform while screwing it in place with the screws
provided.

Note:  The unattached end of the Universal Connector is positioned over the probe
holder (see Figure 3.4k).

Figure 3.4k Application module Head with SCM Module Installed

Head with SCM Module Installed

Probe Holder in Application Module Head

7. Using tweezers, insert the free end of the Universal Connector into the socket on the probe
holder (see Figure 3.4f and Figure 3.4).
Note: ESD precautions for TUNA, SSRM, C-AFM and SThM modules may now be
relaxed.

Figure3.4l SCM Module Universal Connector Inserted into Probe Holder

== T =

Universal
Connector
Attached
to Probe
Holder
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3.5 Installing the Quadrex Module

An SPM must be phase-equipped to support application modules. That is, the SPM requires
hardware modification by Veeco in addition to a Quadrex Phasel maging implementation, which
may be either as an integral part of the NanoScope IV Controller or as a separate module for use
with NanoScope |11 and NanoScope | 11a Controllers. Refer to the NanoScope |V Controller Manual
or Support Note 322, Quadrex Phasel maging, respectively, for discussion of Quadrex quadrature
phase detection with each controller. The Quadrex module ships with one 91.5cm (3') cable that
connects the NSI11(A) Controller to the Quadrex module.

To install the Quadrex Module:
1. Plug the application module cable into the Module Extension Cable. Plug the Module

Extension Cable into the application modules connector on the top right of the back of the
Quadrex module (see Figure 3.5a and Figure 3.5b). These are subminiature D-15 connectors.

Figure3.5a Application Module Connected to Module Extension Cable Connected to Quadrex (Rear View)

S

D —
ado.:sg,“ A
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2. Disconnect at the controller the 37-pin connector to the SPM. Reconnect the detached end to
the To Microscope connector on the front of the Quadrex module (see Figure 3.5b).

Figure3.5b Quadrex Module

Front

Back

3. Connect the 37-pin connector shipped with the Quadrex module between the To Micr oscope
connector on the NanoScope I 11a Controller and the To NanoScope connector on the back of
the Quadrex module.

Note:  No separate power cord for either the Quadrex module or application modules
isrequired. Power is supplied from the controller.
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3.6 Software Setup

Quadrex is designed to operate with NanoScope version 5.12r2, or later software. To enable an
application module and Quadrex-related features of your NanoScope |11(a)-controlled NanoScope
system software;

di -

2.
3.

4,

Click the Digital Instrumentsicon (shown) and click Microscope Select.
Click Edit in the Microscope Select panel to open the Equipment panel (see Figure 3.6a).
Select Quadrex for the Equipment > Extender parameter.

Select SCM, TUNA, SSRM, C-AFM or SThM to indicate the installed application module
for the Equipment > Sensor parameter.

Select Serial and add Fast Scan to the com port that is connected to the Quadrex module
(COML1 for MultiMode, COM4 for Dimension 3100).

Click OK to close the Equipment panel. Click OK to close the Microscope Select panel.

Note: The above procedure assumes you have added the Quadrex module and an
application module to your SPM system, but otherwise have the same
configuration of controller, SPM, controller COM port assignments, etc. as the
last time the system was used. If not, refer to your SPM instruction manual, the
Command Reference Manual or the controller manual to respecify your system
configuration.

Figure 3.6a The Equipment Panel, Example for the SSRM Application Module

Description: | iy RSN Mulibdode | i

k
| v
Microzscope: | Multibode
|
|
|

Controller:

Extender: Cluacirex |
SEnsor SR |
Wigion: Fone | | Setial...

|T-"5?3
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Chapter 4 Operating Procedures

4.1 Introduction

This chapter details the procedures for preparing the sample and operating each application
module. Please refer to the following sections:

Sample Preparation: Section 4.2

Scanning Capacitance Microscopy (SCM): Section 4.3

Tunneling Atomic Force Microscopy (TUNA and Extended TUNA): Section 4.4
Scanning Spreading Resistance Microscopy (SSRM): Section 4.5

Conductive Atomic Force Microscopy (C-AFM): Section 4.6

Scanning Thermal Microscopy (SThM): Section 4.7
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4.2 Sample Preparation

In some situations, the sample volume of interest is not at a surface. Cross-section a sample to
expose the interior at avisible surface. A procedure for preparing finely polished sample cross-
section surfaces follows. SCM and SSRM samples are discussed explicitly because these more
often require cross-sectioning. The procedures may just as well be applied to cross-sectioning
TUNA and C-AFM samples. An animated sample preparation procedure is avail able from Veeco
upon request.

4.2.1 SCM and SSRM Sample Preparation

For 2-D carrier profiling, the region of interest must be accessible to the profiling instrument. If this
region is below the sample surface, a cross-section of the sampleis required. Preparation of
semiconductor cross-sections usually involves cleaving and/or polishing. The most important
criteriafor a cross-section surface are: low roughness, cleanliness and no surface damage. This
portion of this manual overviews possible sample preparation techniques employing a diamond
saw, alapping apparatus and silver epoxy. It may be necessary to apply a sputtered coating. In
general, standard electron microscopy techniques for sample preparation work well, though the
surface finish required is more exacting for SCM and SSRM. The following technique may be
carried out and a sample prepared within afew hours with alittle practice.

Equipment and Supplies

Capital Sample Preparation Equipment
* N, dry box
* Hot plate
* Nikon Optihot-100 with 10X or 20X wide field eyepieces

» 5X, 20X and 50X Brightfield / Darkfield / Differential Interference Contrast (BF, DF,
DIC plan Apo) objectives

» 100X or 150X plan Apo BF/DF abjective
»  Stereo zoom scope (Nikon SMZ-2 + ringlight and stand)
»  Buehler Ecomet 3 or 4 polisher

» Ultraviolet (UV) light source (wavelength below 300)
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Consumables
e Cross-section holder (e.g., Allied Hightech PN 69-30000)
* Glasssdlides
* Epoxy (e.g., Epoxy bond 110 Allied PN 71-10000)
e Silver epoxy (e.g., Dynaloy PN 325 A/B)
e Silver paint (e.g., Ted Pella#16035)
* Replication tape (e.g., Ted Pella#44841)

e Diamond Lapping Films (e.g., 0.1, 0.5, 1, 6 and 15um, Buehler PN 15-7691, 6795,
6801, 6807, 6815, respectively)

e Diamond suspensions for Texmet 0.1, 0.25um, Buehler PN 40-6528, 6529, respectively

e Texmet 1000 polish pad, Buehler PN 40-7618

Cross Section Sample Preparation
SCM and SSRM cross section preparation steps are listed below and represented in Figure 4.2a.
1. Cement semiconductors of interest into a stacked “sandwich” using G1 epoxy or equivalent.
a. Pressthe piecestogether to remove al air bubbles.

Note: Glass plates may be epoxied to the bottom and top of the sandwich to
strengthen and protect the semiconductors within.

b. Allow the epoxied stack to heat cure thoroughly.
2. Useadiamond saw to dlice off approximately 0.5mm of the semiconductor sandwich.
Note: Do not sputter coat onto the polished surface to be imaged.

3. For optimal electrical contact, sputter the semiconductor stack with gold whereit will contact
the puck or stage of the SPM.

4. Using silver epoxy or alow temperature wax, attach the mounting side of the sample to the
underside of a polishing fixture. Spread the coating evenly to provide a broad contact area.

5. Install the loaded fixture on alapping plate.

6. Polish the semiconductor sandwich to expose the region of interest. Verify that the sampleis
polished flat to aroot mean square (RMS) roughness of <0.2nm to produce a superior image.
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7. By irradiating it with UV light, reduce the conductivity of the surface silicon oxide film that
forms:

» Place the sample on a hot plate at about 200-300°C for 20 minutes of which 1 minute
includes high-intensity UV radiation.

Note: This preparation step resultsin a surface which shows no Fermi-level pinning
and only a moderate density of surface electronic states.
Details of the Polishing Procedure

Note:  When polishing, maintain a small, constant downward pressure against the
lapping plate while moving the fixture in small, counter-clockwise circles.

1. Rotate the lapping plate at 90-120rpm.

2. Starting with 10um diamond grit paper, lap the sample until achieving auniformly flat
surface; remove all traces of the saw cut.

3. Use 3um diamond paper, remove approximately 30um.

Note: Before proceeding to asmaller grit remove athickness of sample material at
least three times the particle size of the lapping compound in use. A typical
sequence of diamond particle lapping papers to use for achieving a highly
polished surfaceis:

e 10-micron: to remove saw grinding marks and smooth the sample
e 3-micron: polish for 5 minutes
e 1-micron: polish for 5 minutes

e 0.5-micron: polish as needed

e 0.1-micron: polish as needed
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Figure4.2a SCM and SSRM: Semiconductor Cross-Section Preparation

Deposit metal contact
on one side

»

silver epoxy

4 \

LAPPING FILM

4. Remove the surface damage left by the diamond paper process by using acolloidal diamond
slurry. To avoid contamination, use a new polish pad dedicated to one grit (e.g., napless
cloth). The following lapping order gives good results:

e 1-micron: polish for 5 minutes
e 0.5-micron: polish for 10 minutes
e 0.25-micron: polish for 20 minutes

e 0.1-micron: polish as needed

5. Use 0.05-micron colloidal silicafor the final cleaning and polishing of the sample surface.
Apply for 15-30 seconds. Run clean water for at least 30 seconds.

6. Clean the sample surface with a swab and soapy running water, then wipe or blow dry.
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7. If apowered lapping plate is unavailable, lap and polish the sample on a stationary flat
surface by moving the fixture and ring in small figure-eight motions while periodically
rotating the fixture within the ring to ensure even abrasion.

Note: Be certain to keep the fixture and lapping surface (plate or paper) wet, and
aways clean them completely before switching to a smaller grit.

Note: The most important tools in polishing are patience and a good optical
microscope for inspection of the sample surface—e.g., with bright field, dark
field and differential interference contrast combined objectivesin
magnifications of 5X, 20X and 50X.

8. When grinding and polishing are complete, clean the sample thoroughly using water and
wipe or blow dry.

Sample Cleaning Procedure

Surface water layers, ionic residue and charges trapped in surface oxide all introduce anomal ous
conditions to a sample that can distort SCM and SSRM images. Introduced charges offer
unrepresentative conductive paths which lower the apparent resistance of an SSRM sample.
Because SCM applies alocal field between tip and sample and measures the response of carriersto
that field, extraneous charge may create afield that counteracts the applied field, nulling the
capacitive effect. This appears as aloss of contrast or variation in the expected sample response.
Due to the geometry of the tip/dielectric/silicon of the samples, alocal packet of charge can
produce alocalized effect equivalent to many volts of applied field either pinning the carriers at the
surface or depleting the surface of free carriers. Each of these charge effects destroy contrast in an
SCM image, so it is worthwhile to remove such charges. Both positive and negative charges may
become trapped in surface oxide by applying too large a bias voltage—enough to cause current
flow (£ 8V). Mobile surface charges such as sodium and potassium ions, contaminants usually
introduced in skin oil through handling, diffuse into surface oxide. Extraneous charge can be hard
to remove, so it is better to prevent its introduction through conservative application of bias voltage
and only handling samples with clean tweezers.

WARNING: Do not allow skin contact with surfaces of interest for SCM and SSRM
imaging. Only handle samples with clean tweezers. Store samplesin a
nitrogen atmosphere and/or desiccated dry box, particularly in ahumid
climate. Preferred cleaning processes provide a hydrophobic (water
repelling) surface on the oxide.
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Replicating Tape After UV Light Baking

WARNING: Clean samples with solvents only in awell-ventilated area. Generally
avoid skin contact with solvents. With acetone, particularly avoid
contact with mucous membranes, such as around eyes. Dispose of all
wipes and swabs properly.

1. Cover the sample with a spray of clean acetone.
2. Set asguare of acetate replicating tape over the surface.

Note:  Replicating tape, commonly used in electron microscopy, partially dissolvesin
the acetone and then dries and adheres tightly to the sample surface. Asyou
peel back the tape, sample surface contaminants adhere to it. The tape may also
be left on the sample as a protective coating until you are ready to imageit.

Colloidal Silica

A second cleaning method is more sophisticated: passivate the surface with an alkali solution found
in acommon Chemical-Mechanical Polishing (CMP) compound.

1. Wipethe sample with either acetone or acohol to remove oils. Next apply a standard non-
crystallizing 0.05um colloidal silica suspension to the sample surface and rub it around with
aswab.

2. Rinsethesilicasuspension off with deionized water.

3. Useafew drops of soap and another swab to clean the surface of the silica particles.

4. Rinsethe sample againin deionized water and blow dry from one edge, with clean filtered air
or nitrogen.

Note: The silicamethod may be more effective than replicating tape against a charge
layer on the sample surface.
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4.3 Scanning Capacitance Microscopy (SCM)

43.1

4.3.2

The following topics are discussed in this section:
SCM Sample Mounting: Section 4.3.1

SCM Tip Selection and Mounting: Section 4.3.2
Softwar e Selection: Section 4.3.3

Closed Loop SCM Imaging: Section 4.3.4

Sweep Commands:. Section 4.3.5

Types of MIS Capacitor C-V Curves. Section 4.3.6

Additional Ramping Options: Section 4.3.7

SCM Sample Mounting

Good electrical contact isrequired between the chuck and sample. Mount your sampleto astandard
sample disk, amagnetic puck or stage using conducting epoxy or silver paint. Preparation of a
cross-section surface for SCM imaging is given in SCM and SSRM Sample Prepar ation, page
36. Note particularly the importance of avoiding skin contact with the sample surface of interest in
Sample Cleaning Procedure, page 40.

SCMTip Selection and Mounting

SCM requires an electrically conductive tip. The potential for tip wear in Contact Mode is another
important consideration in selecting atip. Standard SCM tips include PtIr-coated tips for Contact
Mode (SCM-PIC), Ptlr-coated tips for Tapping Mode (SCM-PIT) (also used for Contact Mode),
and CoCr coated (magnetic) Si tips (MESP). Less conductive alternative tips are diamond coated
tips (DCT-ESP) if tip wear isaparticular concern or uncoated standard Si tips (TESP) which may
be custom coated. Any deposited metal must adhere well to the Si cantilever.

Refer to your instruction manual for mounting atip in the probe holder and placing the probe
holder in the SPM head. See Hardwar e Description, page 24 for making electrical contact
between the SCM Application Module and the tip through the probe holder.
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4.3.3 Software Selection

You may perform SCM measurements either open loop or closed loop.

1. If you are not already operating in Real-time Mode, select DI > Real-time.

2. Inthe Other Controlspanel, select SCM as the Microscope mode. The Feedback

Controls panel displaysal SCM control parameters (see Figure 4.3a).

Figure4.3a SCM: Other Controls and Feedback Controls Panels
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Table 4.3a summarizes the functions of the parameters in the SCM Controls subpanel of the
Feedback Controls panel.
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Table4.3a SCM Controls Parameters

Parameter Use with SCM
SCM Feedback Disabled: open loop. Enabled: closed loop (i.e., Constant Depletion SCM Mode,
feedback on dC/dV amplitude).
Main Lock-in Turn on/off the Main Lock-in Amplifier (For SCM, keep OFF).
AC BiasAmpl. Amplitude of the AC bias applied to the sample.
Bias Frequency Frequency of the AC bias applied to sample.

SCM Locking Phase

Phase of the SCM lock-in amplifier with respect to the reference bias frequency.

DC Bias

DC bias applied to the sample.

Cap. Sensor Freg.

SCM tuning voltage. Corresponds to the frequency of the oscillation within the scan
sensor.

dC/dV Ampl. Limit

Limit on dC/dV Amplitude: lower for higher resolution.

dC/dV Phase Limit

Limit on dC/dV Phase.

SCM Lock-in Gain

Input Gain on SCM lock-in (4096 = gain of 1). Reduce to increase gain.

SCM Input Igain

Igain used for closed-loop mode.

SCM Input Pgain

Pgain used for closed-loop mode.

BiasAmpl. Limit

Limits maximum bias amplitude in closed-loop mode.

Cap. Feedback Setpoint

Not used in open loop mode. Selects the dC/dV setpoint in closed-loop mode.
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Open Loop SCM Imaging

1. Setthe SCM Controls subpanel parametersin the Feedback Controls panel to the following
initial settings (see Table 4.3b).

Table4.3b Initial SCM Settings

Parameter Setting Adjustment Range
SCM Feedback Disabled Enabled/Disabled
Main Lock-in Disabled Enabled/Disabled
AC BiasAmplitude 0.5v 0.1-15Vv
Bias Frequency 90kHz 5-100kHz
SCM Lock-in Phase 90° +180°
DC Bias 0.0v +10V
Cap. Sensor Freg. See 1st Note | 0.0-10.0V
dC/dV Ampl. Limit 20V 1-20V
dC/dV Phase Limit 360° 0-360°
SCM Lock-in Gain 4096 40961
SCM Input Igain 20 0-100
SCM Input Pgain 20 0-100
BiasAmpl. Limit 3V 0.05-12v
Feedback Setpoint 2V 0.05-10V

Note: The SCM Application Module Cap. Sensor Freqg. is set to correspond to the
radiated emissions of electromagnetic energy limit of the region to which the
application module is shipped. These limits are:

Region Frequency Voltage
United States 915+13MHz 3.3V
International >1000MHz >7.8V

Note: Thedata sheet that shipswith the unit lists the corresponding voltage. Changing
this setting can cause the capacitive sensor frequency to fall outside of the legal
limits. Additional shielding may be required.

Note: SCM isaContact Mode technique. For theinitial settings of the Scan Controls
parameters and the Feedback Controls parametersin Contact Mode, refer to
your instruction manual .
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Set the Data Type parameter in the Channel 1 panel to Height and, similarly, Channel 2 >
Data Typeto X4, Y41, dC/dV Amplitude, dC/dV Phase or SCM Data. The topographic and
dC/dV (open loop SCM) information are displayed simultaneously.

For SCM data, set both Realtime Planefit and Offline planefit to None. For topography
data, set these two parametersto the desired setting. Select the Engage command or itsicon
(shown) to start scanning.

Note: It will probably be necessary to make adjustments to a number of parameters
(Integral Gain, Proportional Gain, Deflection Setpoint, etc.) before the
image is optimized.

To minimize tip/sample wear, decrease the tip/sample contact force as much as possible,
either by:

a. obtaining aforce plot and adjusting the Deflection Setpoint to alevel just above the
pull-off value, thus minimizing the force (see your instruction manual).

b. selecting the Scope M ode command and observing the Height trace while reducing the
setpoint. Thisreducesthe force applied to the sample until the tip eventualy lifts off the
sample surface. Y ou may go back to contact by slightly increasing the setpoint until you
obtain afocused image.

While scanning, it will probably be necessary to make adjustments to a number of
parameters in the Feedback Controls panel before the SCM imageis optimized. Adjust
parameters within the ranges shown in Table 4.3b. As parameters are adjusted, differencesin
the image become more apparent, leading to a better understanding of SCM. Tune some of
the parameters, in particular the Cap. Sensor Freq. and the L ock-1n Phase, using the
sweeping features presented in Sweeping Using the Sweep Generic Command, page 50.

In open loop SCM operation, you may acquire SCM imagesin X4, Y1, dC/dV Amplitude or dC/
dV Phase modes by selecting different Data Type parameters in the Channel panels (see Figure
4.3b, Table 4.3aand Figure 4.3c). The lock-in amplifier operates at the same frequency as that used
for the AC bias voltage.

Note: The Xy, Y;and SCM Data signals from the lock-in amplifier are not available

on all systems. Older systems do not have SCM Data as a channel type, unless
the software has been upgraded to Version 5.12r4 or any beta built on or after
4-23-03. X, and Yy will not be standard on newer systems. It is not possible to

upgrade an existing system. The data type SCM Data yields similar datato X
or Y4, and therefore may be used instead if X4 or Y ; are not available.

46

Application Modules: Dimension and MultiMode Manual Rev. D



Operating Procedures
Scanning Capacitance Microscopy (SCM)

Figure4.3b SCM Data Type Parameters (Channel 2 shown)
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Table4.3c Data Type Parameter Definitions

Will not be standard on newer
systems (see Note above).

Parameter

Description

Height

Height derived from the voltage applied to the Z piezo as the cantilever
scans the sample surface in feedback.

dC/dv Amplitude

Amplitude data from the lock-in amplifier.

dC/dV Phase Phase of the auxilary lock-in amplifier.

Lock-in X X component data from the lock-in amplifier (see Note above).
Lock-inY Y component data from the lock-in amplifier (see Note above).
SCM Data Amplitude data lock-in signed by the slope of the dC/dV curve.
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Flgure430 Open Loop SCM Images of the SRAM Test Sample
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4.3.4 Closed Loop SCM Imaging

1

Complete Step 1 — Step 5 of Open Loop SCM I maging, page 45, to obtain agood open loop
SCM image.

Set Feedback Controls> SCM Feedback to Enabled to automatically feedback on the
amplitude signal from the lock-in amplifier.

Set the Channel 2 > Data Type to Feedback Bias.

Figure4.3d Feedback Bias SCM Image in Closed-Loop Mode

Set the Cap. Feedback Setpoint to theinitial value of 0.2V.

The proportional and integral gain controls of the capacitance feedback loop arein the
Feedback Controls panel (see SCM Input pgain and SCM Input igain in Figure 4.3a).
Adjust the gains asindicated in Table 4.3d, in combination with Cap. Feedback Setpoint
within its range (see Table 4.3b) to optimize image quality.

Table4.3d Feedback Settings for Closed Loop SCM in the Other Controls Panel

Initial .
Par ameter Setting Adjustment Ranges
SCM Input igain 10 2-100
SCM Input pgain 10 2-100

Note: Anexample of closed loop SCM operation is shown in Figure 4.3d. The less
doped areas result in alow signal, while the highly doped areas result in a high
signal. In closed loop mode, N-type and P-type semiconductor material result
in the same polarity of output signal.
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4.3.5 Sweep Commands

NanoScope software permits sweeping or ramping various signals. Either position the SCM tip at
the center of theimage, or apply an X or Y Offset to move the tip to another location. Sweeps may
either be performed with the Sweep Generic command (see Sweeping Using the Sweep Generic
Command, page 50) or the For ce Curve command (see Ramping Using the Force Curve
Command: dC/dV —V Spectra, page 56).

Sweeping Using the Sweep Generic Command

1. Access Sweep Generic Mode by selecting View > Sweep > Generic (see Figure 4.3¢).
Several control panels display on the control monitor: Sweep Controls, Channel 1, 2, and 3
(see Figure 4.3f). The Graph Controls subpanel parameters are described in Table 4.3e.

Figure4.3e Sweep Generic Selection

4 NanoScope Control
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Figure4.3f SCM: Sweep Generic Panels
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Table4.3e SCM: Graph Controls Parametersin Sweep Generic Mode

Parameter Usewith SCM
Sweep Output Select an SCM parameter to sweep, from: Cap. Feedback Setpoint, Bias frequency, AC
BiasAmplitude, DC Bias L ock-In Phase and Cap. Sensor Frequency.
Sweep Width Set the sweep range.
Sweep Setpoint Set the midpoint of the sweep.
Sweep Sample Count Set the number of data points included in a sweep.
Pause Between Steps Set the amount of time (in ps) between stepsin a sweep.
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Table4.3f SCM: Main Controls Parametersin Sweep Generic Mode

Parameter Description

Deflection Setpoint Setpoint for engaging contact mode.

Deflection Limit Redefines the range of deflection values to change the resolution.
Lateral Limit Limits the magnitude of the fast actuator deflection signal.

X1 Limit Limits X output of the Auxilary lock-in.

Y1 Limit LimitsY output of the Auxilary lock-in.

Aux Lock-in BW Bandwidth of the auxilary lock-in (used for capacitance).

AC BiasAmpl. Amplitude of the AC bias applied to the sample.

Bias Frequency Frequency of the AC bias applied to sample.

SCM Lockin Phase | Phase of the SCM lock-in amplifier with respect to the reference bias frequency.

DC Bias DC bias applied to the sample.

Cap. Sensor Freq. SCM tuning voltage.

SCM Input Igain Igain used for closed-loop mode.
SCM Input Pgain Pgain used for closed-loop mode.
SCM Lock-in Gain Input Gain on SCM lock-in (4096 = gain of 1).

BiasAmpl. Limit Limits maximum bias amplitude in closed-loop mode.

Feedback Setpoint Not used in open loop mode. Selects the dC/dV setpoint in closed-loop mode.

2. Select the parameter to sweep in Sweep Controls > Sweep Output. Adjust Sweep Width,
Sweep Setpoint, Sweep Sample Count and the Main Controls parametersto desired
values.

3. Adjust Data Typein Channel 1, 2 or 3 panelsto display the desired property.

Note:  Sweeping starts when the Sweep Generic Mode is entered and continues until
you exit.

Some examples of sweeping curves obtained with the SCM illustrate the possibilities of the Sweep
> Generic command. The curves are displayed in Figure 4.3], Figure 4.3k and Figure 4.3l.
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Tuning the SCM Sensor

You may tune the SCM sensor for maximum sensitivity using Sweep commands:

1. Click View > Sweep > SCM Tuneto open the Sweep Controls, and Channel 1, 2, and 3

control panels (see Figure 4.3Q).

Figure4.3g SCM Sensor Tuning Curve Parameter Settings, Tip Engaged
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2. Select Sensor Output for Channel > Data Type. Observe the SCM sensor resonance curve
on the Display Monitor (see Figure 4.3h). In earlier versions of the software, the DC
component of the Sensor Output was called DC Cap Signal. The AC component is the

source of the X4, Y4, R

3. Use Sweep Controls> Sweep Setpoint or Display Monitor > Offset to set the Cap. Sensor

Freq. operating point.

Note:  Sensitivity is optimized when the Cap. Sensor Freq. is set to the frequency
corresponding to the highest slope of the tuning (sensor resonance) curve.

Tuning the SCM sensor frequency is complicated by the change in resonant frequency with engage.
In a sweep width of approximately 890MHz to 1050MHz, the peak may shift 50-100MHz, due to
increasing capacitance as the tip approaches the sample. Two tuning curves are displayed in Figure
4.3h (engaged) and Figure 4.3i (withdrawn), illustrating the resonance shift with tip/sample

proximity.

and 0 signals.
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Figure4.3h SCM Tuning Curve (Tip Engaged)
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Figure4.3i SCM Tuning Curve (Tip Withdrawn)
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In the first example, (see Figure 4.3j) the dC/dV output of the SCM sensor is a function of the

L ock-In Phase. The parameters used to obtain thisimage are displayed in Figure 4.3f. The
observed curve shows that the SCM dC/dV output goes through two extrema (one negative and one
positive peak) asthe L ock-In Phase sweeps from —180° to +180°. You may use the Sweep Setpoint
parameter in the Sweep Controls panel or the Offset menu item on the Display monitor (see
Figure 4.3)) to select the L ock-I n Phase operating point. Choosing the setpoint sets both the
intensity and polarity of the dC/dV signal. The value of the Sweep Setpoint in the Graph Controls
subpanel is automatically copied to the L ock-In Phase parameter in the Main Controls subpanel,
also of the Sweep Controls panel, and is used when acquiring SCM images.
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Figure4.3j SCM: dC/dV Amplitude versus Lock -In Amplifier Reference Phase

i NanoScope Image o]
[I¥E-190 ZooM In  Zoom Qut Execute Clear

Lock-in phase
18.00 deg/div

In the second example, (see Figure 4.3k) the X4,Y ;1 or SCM Data output of the SCM sensor isa

function of the AC bias amplitude. The AC bias amplitude sweeps from OV to 2V, resulting in an
approximately linear response of the dC/dV signal.

Figure4.3k SCM: X, (Y1 or SCM Data) output versus AC Bias Amplitude

i NanoScope Image
Offset Zoom In Zoom Out Execute Clear

AC bhias ampl
0.10 U/div

[ee]
o

In the third example, (see Figure 4.31) the dC/dV output of the SCM sensor is a function of the AC
bias frequency, continuously swept from 10 kHz to 170 kHz. The curveillustrates the highest
dC/dV amplitude around 90 kHz, which is, therefore, the recommended operating point.

Note: Typical dCdV amplitude values range from 65 kHz to 90 kHz.
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Figure4.3] SCM: X; (SCM Data or dC/dV Amplitude) versus AC Bias Frequency

74 NanoScope Image [_[olx]
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Ramping Using the Force Curve Command: dC/dV -V Spectra

The second method of performing ramps of various SCM signals uses the For ce Curve command.
A typical application is the measurement of dC/dV-V spectra

1. Click View > Force Mode > Advanced to open the Ramp Controls and Display subpanels

of the Main Controls panel (see Figure 4.3m). Ramp Controls parameters are summarized
in Table 4.3g, Display parametersin Table 4.3h.

Figure4.3m SCM: The Ramp Controls Subpanel

% NanoScope Control
ali_ Motor View Copture  Probe  Panels

EE=aoi=E

-
— Ramp Cortraly —— ——— — Display —8M88 MMM
Ramp channel: Spring constant:
Ramp Begin; Display mode;
Famp Encl: Units:
Scan rate:  Rotate:
Forward velocity: Feedback type:
Reverse wvelocity; Feedback courts; I:I
¥ offset: Feedback walue:
Y offset 200 pm
Mumber of samples:
Average count;
— | Channel 1
Drata type:
Diata scale:

7584
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Table4.3g SCM: Ramp Controls Parameters in the Main Controls Panel

Par ameter Usewith SCM

Ramp Channel Select an SCM parameter to ramp, from: Z (for standard force curve measurements),
DC Biasor Cap. Sensor Freq.

Ramp Begin, Ramp End | The beginning and end points of aramp.

Scan rate All ramps are begin-end-begin cycles. Scan rate refers to one complete cycle.
Forwar d Vel ocity, The ramp value from beginning to end, or end to beginning.

Rever se Velocity

X Offset, Y Offset Move the tip to adifferent location.

Number of Samples The number of sample points per ramp (minimum 16, maximum 64,000).
Average Count Average (minimum 1, maximum 1024) ramp curves.

Note: Scan Rate, Forward Velocity and Rever se Velocity are interdependent.
Changing a velocity affects the overall scan rate, and vice versa.

Table4.3h SCM: Display Parametersin the Main Controls Panel

Par ameter Usewith SCM

Units Metric or Volts

Feedback Type Ensures that the deflection feedback is ON during ramping.
Ramp enables feedback after each ramp cycle (start-end feedback).
Cycle enables feedback after each ramp cycle (start-end-start-feedback).

Pixel enables feedback after every sample point of the ramp. This might be useful for
extremely slow ramps with few sample points.

Feedback Counts Select 50 for proper feedback.
Feedback Value Select OV.

2. Select the parameter you wish to ramp for Ramp Controls > Ramp Channel.

3. Select desired valuesfor the other parametersin the Ramp Controls and Display subpanels of
the Main Controls panel (see Figure 4.3f).

4. Select the desired property (e.g., dC/dV) for Channel 1,2 or 3 > Data Type.

Rev. D Application Modules: Dimension and MultiMode Manual 57



Operating Procedures
Scanning Capacitance Microscopy (SCM)

5. Start or stop ramping by clicking the associated toolbar button (see Figure 4.3n).

Figure4.3n Toolbar Buttons: Start, Stop and Capture Ramp Curves

Capture On Capture Off ~ Single Ramp Array of Ramps

Window Tip ——p TI @I Ell rorl o | E - X

Stop Ramp

6. Capture ramping curves using the standard Captur e commands or toolbar buttons.

An example of adC/dV-V ramping curveis shown in Figure 4.30: the dC/dV signal asafunction of
DC bias ramped from -3V to +3V. The dC/dV-V curve is the derivative of the C-V curve of the
sample and shows the characteristic bump expected for a high frequency dC/dV-V curve (see Types
of MIS Capacitor C-V Curves, page 59). Average over 3 cycles (Average count = 3) to improve
the signal-to-noise ratio.

Figure4.30 SCM: dC/dV vs.V Curve

Execute Clear Reset

Ramp Plot

DC bias - 0.30 VW/div

— Forward
«~— Reverse

2 t1.0:1
Digital Instruments NanoScope oom

Ramp channel DC bias
Ramp size 6.000 ¥
Scan rate 0.4982 Hz

Data scale 20.00 v
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4.3.6 Types of MIS Capacitor C-V Curves

There are three main frequencies involved in the generation and interpretation of C-V curves:
»  Capacitance sensor measurement frequency (approximately 1GHz)
e Lock-in amplifier reference frequency (5kHz - 100kHz)
« “DC" bias sweep frequency used for C-V curve acquisition
In general, asignal istermed high frequency (or low frequency) if its period is shorter (or longer)

than the delay time associated with the generation of minority carriers, that is, to fill aninversion
layer. The three relevant type of C-V curves are discussed next.

Low frequency C-V Curves

If al three frequencies (a, b and ¢, above) are low enough, minority-carrier generation brings the
carrier distribution to the long-term configuration. In alow frequency C-V curve, the capacitancein
theinversion region is high, comparable to the accumulation capacitance. The capacitance in the
inversion region is high because minority-carrier generation screens the potential variations across
the buried depletion layer, effectively shorting it out as a resistor would so the equivalent circuit
looks similar to the one for accumulation. Only the oxide capacitanceis relevant.

Note: Itisimpossible to measure low frequency C-V curves at room temperature
using SCM since the minority-carrier generation rate istoo low to modify the
inversion layer population in 1ns (i.e., the period of a 1GHz oscillation).

High frequency C-V Curves

Here the excitation frequency (@) is high; and therefore minority carriers cannot screen the buried
depletion layer. The other frequencies (b, ¢) should be low so that the inversion layer hastime to
develop as the tip-sample potential is changed. If (b) is not low, the slope measured is not
appropriate to this type of curve, since the inversion layer population is not able to follow the lock-
in dither voltage.

Note: SCM data generally corresponds to high frequency C-V curves.

Deep-depletion C-V Curves

In this case all three frequencies are high, so the inversion layer population goes unchanged by
minority-carrier generation. In this case, potentials at al three frequencies can drop across the
depletion layer. Therefore: (1) the depletion-layer capacitance (in series with the oxide capacitance)
issensed in the inversion region; (2) the measured C-V curve dope, dC/dV, appropriately reflects
the changing depl etion-layer width with sweep voltage; (3) the sweep voltage modul ates the
depletion-layer width so the bottom edge moves deeper, sampling different doped regions. Thisis
the origin of the pulsed C-V measurements used for device characterization which are used to infer
the depth profile of dopants in a fabricated MOS capacitor.
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4.3.7 Additional Ramping Options

The ramping software a so has some extra features useful for specific experiments. Using the Auto
Panel (see Figure 4.3p) you can perform ramps at an array of points on the sample surface. The tip
moves from one position to the next, while force-feedback is maintained. In each point of the array,
aramp is executed and captured. For each ramping curve the system uses the same set of control

parameters. Table 4.3i gives an overview of the different parameters associated with this operation.

Figure4.3p SCM, TUNA, SSRM, C-AFM: Auto Panel

- Auto Panel

Caolumns:

Fovas:

Calumn step: 100 nm
Rowy step: 100 nim
Threshold step: 0w

Capture: Enabled

Table4.3i SCM, TUNA, SSRM: Auto Panel Parameters

Parameter Usewith SCM

Columns, Rows

Number of columns (rows) in the array.

Column (Row) Step

Distance between two subseguent columns (rows).

Threshold Step

N/A

Capture

Select Enabled to save the ramping curves on disk.

A second set of parameters, in the Scan M ode panel (see Figure 4.3q), provides for greater control
of ramping curves (see Table 4.3)). Thefeaturesinclude the option to limit the output signal (dC/dV
in SCM) to user-defined values by using Trigger M ode. The Scan M ode panel aso offerstwo
parameters which may be used to independently delay the end of the start-end ramp, or to delay the
end of acomplete start-end-start cycle. The Scan M ode panel aso displays a number of
parameters which are only related to the measurement of force curves (Start Mode, End Mode, Z
Step Size, Auto Offset). These parameters are described in your instruction manual.
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Figure4.3q SCM, TUNA, SSRM, C-AFM: Scan Mode Panel

n =can kMode
Trigget mode:

Trig channel: Current
Trig threshald:

Trig direction: Megative
Auto start: Dizahle

Ramp delay; 0.00 p=

Feverse delay: 0.00 p=

Table4.3] SCM: Scan Mode Parameters

Parameter Usewith SCM
Trigger Mode Select Absolute to turn on atrigger for dC/dV-V curves.
Trigger Channel Select dC/dV for dC/dV-V curves.
Trigger Threshold Setsthe trigger value.
Trigger Direction Select either Negative or Positive for the dC/dV slope required when triggering.
Ramp Delay A delay of 0 to 250 seconds following each start-end ramp.
Rever se Delay A delay of 0to 250 seconds following each complete start-end-start cycle.
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4.4 Tunneling Atomic Force Microscopy (TUNA and
Extended TUNA)

441

The operating procedures for both TUNA and Extended TUNA are discussed in this section. Some
instructions only apply to Extended TUNA, and are indicated as such. Refer to the following topics:

TUNA Sample Mounting: Section 4.4.1

TUNA Tip Selection and Mounting: Section 4.4.2
Softwar e Selection: Section 4.4.3

Open Loop TUNA Imaging: Section 4.4.4

Closed L oop Extended TUNA Imaging: Section 4.4.5

Extended TUNA Filter: Section 4.4.6

TUNA Sample Mounting

Attach the sample to a magnetic puck provided with the system and place the puck on top of the
sample chuck.

When measuring large samples, we recommend use of an electromagnetic interference shielding
hood. Large conductive samples can act as an antenna and focus el ectrical noise from the
environment into the input of the TUNA sensor.

WARNING: The sample chuck and its surrounding area are electrostatic sensitive.
Employ ESD-protective measures at all times when handling a TUNA
sensor or sample.

4.4.2

TUNA Tip Selection and Mounting

TUNA requires an electrically conductive tip. The potential for tip wear in Contact Mode is another
important consideration in selecting atip. Standard TUNA tipsinclude PtIr-coated tips for Contact
Mode (SCM-PIC) and CoCr coated (magnetized) Si tips (MESP). Less conductive diamond coated
tips (DCT-ESP) are an aternative if tip wear is a particular concern.

Refer to your instruction manual to mount atip in the probe holder and place the probe holder in
the SPM head. See Har dwar e Description, page 24, for making electrical contact between the
TUNA Application Module and the tip through the probe holder.
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4.4.3 Software Selection

1. If you are not already operating in Real-time Mode, select DI > Real-time.

Figure4.4a TUNA: Other Controls Panel

n Other Cantrals
Microscope mode:

Z limit: G375 nm

Fh iggain:

Fhl pogain:
Iumination:
nit=:
Color takble:

Min. engage gain:

2. Inthe Other Controls panel, select TUNA asthe Microscope mode (see Figure 4.4a).

Veeco recommends performing standard and Extended TUNA measurementsin open loop mode
only. (For information about Extended TUNA measurementsin closed loop mode, refer to Closed
L oop Extended TUNA Imaging, page 76). Select a DC bias and measure the current passing
through the sample. Only afew of the Feedback Controls panel parameters are relevant to TUNA,;
clear all other parameters. To access TUNA control parameters (see Table 4.4a), complete the

following:

3. Select the ExPANSION button in the top left hand corner of the Feedback Controls panel (see
Figure 4.4b). A pull-down menu appears. Select View All to view additional parameter

options.

Figure4.4b TUNA Controls Subpanel of the Feedback Controls Panel

Expansio
Button

Feedback Controls
— Main — TUMA controls
5P feedback: Feedback mode:

Integral gain; 03575 Hardware: Standard
Praportional gain: 05228 Current setpoint: 0 pd
Deflection setpoint; 08024 Current sens.: High 1 pa/y
Current offzet; IRY) Feedback gain:
Current lirnit: 20.00% DC zample bias: 0l
DC test bias: 0

411
AN |

030

Bias lower limit; oy

Biaz upper limit; oy
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Table4.4a TUNA Control Parameters

Parameter Purpose with TUNA
Feedback Mode Selects between open and closed loop mode. In TUNA, Select
select Open.
Hardware Selects between standard TUNA and Extended TUNA. Select
Current Setpoint Selects the current setpoint in closed loop mode. Clear
Current Sensitivity Selects the gain of the TUNA sensor:* Select
1pA/V = gain of 10 12
10pA/V= gain of 10 11
For Extended TUNA, aso include:
1nA/V = gain of 10°
100nA/V = gainof 10 7
Feedback Gain Adjusts the feedback gain in closed |loop mode. Clear
DC SampleBias Selectable bias to chuck/sample. Select
DC Test Bias Provides an additional bias for the purpose of testing the | Select
TUNA sensor.
Bias Lower Limit Limits the minimum bias applied to the chuck/ samplein | Clear
closed loop mode.
Bias Upper Limit Limits the maximum bias. Clear
BiasLimit Set to 12V, the maximum bias (£12V) applicableto the Select

chuck/ sample.

Note:

Quick Start

* The gains refer to the output voltage of the TUNA sensor. If a Signal Access
Moduleis used, the output voltage can be measured at AuxD.

4.4.4 Open Loop TUNA Imaging

For aquick start, use the TUNA profile:

1. Select Microscope > Profile to open the Profile Select panel.

2. Highlight the profile Tunneling AFM (file name TUNA) and click L oad M aster to set scan
parameters to acceptabl e values.
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Real-time Mode
To perform a measurement in Real-time mode:
1. Click DI > Real-time.
2. Inthe Other Controls panel, select TUNA asthe Microscope mode (see Figure 4.4a).

3. Setthe TUNA Controls subpanel parameters (see Figure 4.4b) to the values shown in Table
4.4b.

Table4.4b Initial Settings of TUNA Control Subpanel Parameters

Parameter Value
DC SampleBias ov
Current Sens. 1palVv
DC Test Bias ov

TUNA isaContact Mode technique. For the initial settings of the Scan Controls parameters and
the Feedback Controls parametersin Contact Mode, refer to your instruction manual. Typically,
the Feedback Controls panel looks similar to what is shown in Figure 4.4b.

4. Set Feedback Controls > Deflection Setpoint to no more than afew tenths of avolt above
the engagement point. Thiswill keep the contact force sufficiently low, thus not causing any
damage to the tip or sample. Thisis especially important for metal coated tips or soft
samples.

5. Once Scan Controls and Feedback Controls parameters are set, click Motor > Engage or
the ENGAGE icon (shown) and start a measurement.

Note: It will probably be necessary to make adjustments to a number of parameters
(e.g., Integral Gain, Proportional Gain, Deflection Setpoint) before the
image is optimized.

6. Set Channel 1> Data Typeto Height to view the topography and set Channel 2 > Data
Typeto Current to view the current data (see Figure 4.4c).

7. Inthe Channel 2 panel, set Realtime Planefit to None and the Offline Planefit to None.
8. Verify HighpassFilter and L owpass Filter parameters are turned oFF in Channel 2.
Note: TheData Center parameter in Channel panelsis useful for measuring small
current variations in a sample with an overall larger background current. 1t

offsets the centerline of the color scale by the amount entered: within the range
+220V, or the metric equivalent if Other Controls> Unitsis set to Metric.
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Figure4.4c Initial TUNA Setup of Channel 1 and Channel 2 Panels

= Channel 1

= Channel 2

Data type: Height

Data =cale: 1200 nm
Drata center: 0 nm
Line direction: Retrace
Realtime planefit: Lire

Offline planefit: Full

Data type: Current

Data zcale: 2.000 pa,
Diata center: 0 pd
Line direction: Retrace

Realtime planefit: Mone

Offline planefit: Morne

9. Toreducetip and sample wear, decrease the contact forces between the tip and sample as
much as possible in one of the following two ways:

e Generate aforce plot and adjust the Force Calibration > Setpoint to alevel just before
the pull-off point, thus minimizing force (refer to your instruction manual).

» Without aforce plot:
e Click View > Scope M ode and observe the (Channel 1) Hel GHT trace.

e Highlight Feedback Controls > Deflection Setpoint and click the LEFT ARROW
key to reduce the force applied to the sample by lowering the setpoint incrementally.
Repeat until thetip eventualy lifts off the surface.

e Click theRIGHT ARROW key as needed to obtain afocused image.

Note: Adjusting the Deflection Setpoint to afew tenths of avolt above the

engagement point provides alow contact force.

10. Slowly increase the Feedback Controls > DC Sample Bias while watching the current
signal in either Image Mode or Scope Mode. For many samples, the current increases rapidly
beyond a threshold bias.

Do not scan too fast. The sensor bandwidth is only 160Hz. The slower asample
is scanned, the higher the spatial resolution the current sensor can detect.
Adjust Scan Controls > Scan Rate for image quality.

Note:

WARNING: Increase DC Sample Bias carefully: Metal coated tips can melt and the

sample be damaged if the current density istoo high.
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WARNING: Electrostatic forces cause a strong attraction between the tip and most

samples when abiasis applied. The electrostatic force does not result

A in additional deflection of the cantilever, but doesinduce more wear of
(/ ) the tip, and can damage soft samples, such as polymers. Reduce the

Deflection Setpoint (see Step 9 to lower the tip/sample force.
Alternatively, apply the biasfirst before engaging. However, the latter
method works only for experiments with a well-defined, known bias.
In most cases further adjustment of Deflection Setpoint is necessary.

11. Savethe data as described in Chapter 6 of the Command Reference Manual.

TUNA IV-Spectra

NanoScope software permits “1V" measurements (current, |, as afunction of voltage, V) ina
specified location on the sample. Typically the SPM tip isplaced at the center of an image where an
I V-spectrum is captured. By applying X and Y Offsets, the tip may be moved to other locations.

Perform an IV Measurement

1. Click View > Force Mode > Advanced to open the Main Controls, Feedback Controls,
Scan Mode and Channel panels (see Figure 4.4d).

Figure4.4d TUNA: Ramping Panels

hdain Cantrals Feedhack Controls
— Ramp Controly — M8 Dizplay —478¥ —MM M Main Feedback ——M8 ————— TUNA controls

Ramp channel; DC Sample biss Units:; SPM feedback: D sample biss:
Famp Begin: Feedback type: Irtegral gain: Current Sens.
Featmp End: Feedback counts: Proportional gain: D test hias:
Scan rate: Feedback value: Deflection setpoint: 0.2000 %

Forward velocity:
Setpoint 0 |

Reverse velocity:

¥ offset:
Y offset:

Mumber of samples:

Ayerage count;

Pausse o~ Scan Mode

Trigger mode:

Trig ch I
g Channel 1 - Channel 2 rig channe

Trig threshoald:
Diata type: Current Diata type:
Trig direction; Megstive
Diata scale: 8.000 pa Data acale:
Ao start: Dizable
Data center: 0 pa Data center:

Ratmp delay: 0.00 ps

current Sens. 1.000 paes

Reverse delay: 0.00 p=
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Note: Table 4.4c through Table 4.4g summarize the ramping parameters and their
functions.

2. Adjust the parameters in the Ramp Controls subpanel of the Main Controls panel
(see Table 4.4c).

3. Adjust the parametersin the Display subpanel of the Main Controls panel (see Table 4.4d).
4, Toview IV-spectra, set Data Typeto Current for either Channel 1 or Channel 2 (see Table
4.4¢).
Start and Save IV-spectra

1. To start and stop voltage ramps, click the appropriate icon in the toolbar (see Figure 4.4€).
Descriptions of each button follow.

Note: Inorder to take I V-spectra, the AFM must be engaged.

Table4.4c TUNA: Main ControlsyRamp Controls Subpanel

Parameter Usewith TUNA
Ramp Channel Select DC Sample Bias to ramp the bias applied to the chuck/sample
Ramp Begin./Ramp End Define beginning and end of ramp; both values may be positive or negative
Scan Rate* All ramps are begin-end-begin cycles (V gat-Vend-V sart), and the scan rate

refersto one complete cycle.

Forward Velocity* & Reverse | Defines the ramp velocity from beginning to end value, and end to beginning

Velocity* value, respectively.

X andY Offset Moves the tip to a different location.

Number of Samples Sets the number of samples per ramp (minimum 16, maximum 64,000).
Average Count Allows several (minimum 1, maximum 1024) ramps to be averaged.

Note: * Scan Rate, Forward Velocity and Rever se Velocity are interdependent.
Changing a velocity affects the scan rate, and changing the scan rate affects
both velocities.
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Table4.4d TUNA: Main Controls/Display Subpanel

Parameter Usewith TUNA
Units Select Metric for 1V-spectra
Feedback Type Ensures that deflection feedback is on while ramping DC sample bias; select
Ramp, Cycle or Pixel:
Ramp enables feedback after each ramp or half cycle (V gat-Veng feedback).
Cycle enables feedback after each ramp cycle (V gat-Vend-V start feedback).
Pixel enables feedback after every sample point of the ramp. Thisis useful for
extremely slow ramps with few sample points.
Feedback Counts Select 50 for proper feedback.
Feedback Value N/A
Table4.4e TUNA: Channel Panel Parameters
Par ameter Usewith TUNA
Data Type For IV Spectra, select Current.
Data Scale* Adjust according to data.
Data Center Offsets IV-gpectrum along the vertical (current) axis.
Current Sensitivity* Display the sensitivity selected in the Feedback Controls > TUNA Controls
subpanel.

Note: *Data Scale and Current Sensitivity parameter settingsin a Channel panel
automatically adjust the setting of Feedback Controls > Current Sensitivity.

Figure4.4e Toolbar Buttons Used for Starting, Stopping and Capturing Ramp Curves

Capture Spectrum Stop Ramping

v v
E@IEI'_;'_ SIS

Start Continuous
Ramp Cycles

Start a Single Ramp Cycles Start Array of IV-Spectra

e START CONTINUOUS RAMP | con: begins repeated cycling and permits the averaging of
several spectra. To select the number of averaged spectra, click Main Controls> Ramp
Controls > Aver age count. The measurement continues until you click the Stop
RAMPING icon (see Figure 4.4¢).
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Note: The voltage ramp stops at whatever value is applied at the time the Stop
RAMPING button is clicked. To stop multiple voltage ramps at a specific
voltage, switch to the SINGLE RAMP CyCLE icon before pressing the Stop
RAMPING button; this adds a single ramp to the multiple ramps and leaves the
bias voltage at V-start.

* SINGLE RAMP | con: startsasingle ramp at the Ramp Begin voltage value, increases or
decreases the voltage until the Ramp End value is reached, then ramps back to the
Ramp Begin level.

e STOP RAMP | con: ends the ramping process.

e START AN ARRAY OF | V-SPECTRA | con: starts multiple I V-spectra (see M ultiple | V-
Spectra, page 73).

» CAPTURE | con: saves the spectrum acquired during a measurement.

Note: At the bottom of the Main Controls panel are two buttons, PAUSE and
RESUME. PAUSE interrupts the voltage ramp and holds the voltage at the
current value until the user continues the measurement. To continue with the
measurement, click RESUME.

Figure4.4f TUNA: IV-spectrum of a40A Thick Gate Oxide

_iNanoScope Image

Romp Plot

— Forward
«— Reverse

Current

0.60 pA/div
Reverse

Forward

DC Sample bias - 0.33 U/div ~6.50

Digital Instruments NanoScope
Ramp channel DC Sample bias
Ramp size 6.500 V

Scan rate 0.2480 Hz
Z scale 0.006000 nA

iv-curve.a03
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Figure 4.4f shows atypical 1V-spectrum measured on a40A thick gate oxide. The ramp rate of the
spectrum is 0.248Hz, with aforward (ramp voltage) velocity of 1.63V/s and areverse velocity of
181V/s. Forward and reverse currents are offset from the zero current line due to displacement
currents. When comparing |V-spectra, we recommend slowly ramping in one direction, the
direction of interest (e.g. forward in this case), to reduce the displacement current, and rapidly
ramping in the reverse direction. The reverse ramp should then be ignored due to artifacts that may
occur at high ramp velocities. Another way to reduce displacement currentsisto lower the ramp
rateto 0.1Hz or 0.01Hz. Thiswill alow you to see both forward and reverse IV curves.

Trigger Mode Function and Operation
Trigger Mode enables limiting the current passing through a sampleto protect it. See the Real-time

> Force Mode...Advanced > Scan M ode panel (see Figure 4.3q) for trigger parameters. Table 4.4f
and Table 4.4g describe trigger parameter functions.

Table4.4f TUNA: Scan Mode Panel Parameters

Parameter Usewith TUNA
Trigger Mode Triggering is either Off, Relative or Absolute. For |V-spectra select
Absolute to turn the trigger on (see following caution).
Trigger Channel For 1V-Spectra, select Current for triggering on the current.
Trigger Threshold This setsthe trigger value. For a current sensitivity of 1pA/V, select

any value between +10pA and -10pA. For a current sensitivity of
10pA/V, select any value between +100pA and -100pA.

Trigger Direction (see explanation bel ow)
Auto Start Set to Disable.
CAUTION: Trigger Mode must be set to Absolute when performing TUNA V-

spectra. Ignore parameters which share the same control panels but are
relevant only to force curves.

Explanation of Trigger Direction
Triggering requires specifying the Trigger Direction.
1. If the Ramp Begin value islarger than the Ramp End value (i.e., the ramp voltage as a

function of time, V (t), has a negative slope), select Negative for Trigger Direction (see
Figure 4.49).
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2.

Figure4.4g TUNA, SSRM: Negative Trigger Direction for Vgt > Veng

Figure4.4h TUNA, SSRM: Positive Trigger Direction for Vgt < Veng

If the Ramp Begin value is smaller than the Ramp End value (i.e., the ramp voltage as a
function of time, V(t), has a positive slope), select Positive for Trigger Direction (see

Figure 4.4h).

]
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V-End —

]
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for V-Start > V-End

Ve,

M-End |—

V- Start [—

Positive Trigger Direction(]
for V-Start < V-End

O

-~ v
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Delaying Ramps

The Scan M ode panel offers two more parameters that are used to independently add delay times at
the end of astart-end ramp, or at the end of a complete start-end-start cycle (see Figure 4.4i).

Table4.4g TUNA, SSRM: Ramp Delays

Parameter Usewith TUNA
Ramp Delay A delay is added following each start-end ramp.
Rever se Delay A delay is added following each complete start-end-start cycle.

Figure4.4i TUNA, SSRM: Delaying Ramps

V)
A
V-End |—
V-Start —
I N ;
[ [ i i y
«— «—r M
Rampl] ReverselJ
Delay Delay

Note: Delay times are not included in the Scan Rate parameter.
Note: When switching from one start/end value to another, Scan Rateis kept at a

constant value. Forwar d and Rever se Velocity automatically adjust to
maintain Scan Rate.

Multiple IV-Spectra
1. Openthe Auto Panel by selecting Panels > Auto (see Figure 4.3p).
2. Set the number of 1V-spectrain the array using the Columns and Rows parameters—the

number of I'V-spectrato be performed inthe X and Y directions, respectively (see Table
4.30).
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3. Set the spacing between the columns and rows in the array using the Column Step and Row
Step parameters—which define the distance between two neighboring I'V-spectra along the
X andY directions, respectively.

4, Set Scan Mode > Trigger Threshold and Auto Panel > Threshold Step to set the trigger
currentsfor an array of 1V-spectra. For automated 1V -spectra, increment the trigger threshold
current in the X-direction:

a. Set Trigger Threshold to theinitia value for the first 1'V-spectrum in each row.

b. Increment Trigger Threshold according to the value of Threshold Step for every
subsequent 1V -spectrum in each row.

An Example
If aTrigger Threshold is1.0pA and the Threshold Step is0.1pA, then subsequent rows of the I'V-
spectra use atrigger threshold current varying from 1.0, to 1.1, to 1.2, . . . pA. To execute an array
of 1V-spectrawith the same trigger threshold current, set Trigger Threshold to the desired
threshold and set Threshold Step to 0.0pA.

1. Toexecute an array of 1V-spectra, click the START ARRAY toolbar button (see Figure 4.4€).

2. To capture the IV-spectra set Auto Panel > Capture to Enable before starting the array.

Each spectrum of the array is saved separately. If Captureis set to Off, the spectraare lost.

Export IV-Spectra

To export IV-spectrain ASCII or any other format offered by the NanoScope software, complete
the following steps:

1. Savethecurrent data

2. Export the saved data. The export function islocated in the Offline > Utility menu.

Offset Correction

Any TUNA sensor offset is adjusted with a potentiometer, which is covered by the flat head screw
on the bottom of the sensor housing (see Figure 4.4j).

1. Goto Real-time> View > Scope M ode.

2. Remove the screw on the sensor housing and carefully adjust the Offset Adjustment
potentiometer with the screw driver (provided in the application module accessory kit) until
the signal isaong the horizontal zero line. A limited range is available on the adjacent Gain
Adjustment potentiometer.

3. Adjust the Data Scale for better alignment.
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Figure4.4j TUNA Offset Correction Access

Offset
Adjust
Gain

Adjust
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445 Closed Loop Extended TUNA Imaging

Both standard and Extended TUNA can be operated in open and closed loop modes. However, due
to the strong capacitance between the tip and sample (see (C) in Figure 4.4k), measuring with
standard TUNA or with high gain settingsin Extended TUNA (e.g., 1nA/V and 10 nA/V) may not
yield the desired resullts.

Figure 4.4k Feedback Loop in Closed Loop Mode

e | =current

» C =tip/sample capacitance
* 9V/adt =rate of change of voltage

As the voltage changes rapidly (due to the feedback loop), it is possible for the feedback current
(see (A), Figure 4.4k) to become greater than the current being measured. Therefore, using lower
gain settings in Extended TUNA (e.g.,1nA/V and 100nA/V) is recommended when operating in
closed loop mode.
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Closed Loop Procedure
Prior to engaging in closed loop mode, follow the procedure in Open Loop TUNA Imaging:
Section 4.4.4. Be sure to adhere to the control parameters set forth in Table 4.4a. After finishing the
procedure and while till in open loop mode, complete the following:

1. Inthe Feedback Controls panel:

a. Select the Biaslower and upper limits. Start with alow setting (+/- 2V) and slowly
increase the voltage while observing the current at the selected feedback point.

b. Select the Feedback Current. Thisvalue is dependent on the gain setting.

c. Set the Feedback modeto closed (you are now operating in closed loop mode).
2. Inthe appropriate channel, set the Data Type to Feedback Biasto view the applied bias.
3. Intheappropriate channel, set Realtime Planefit and Offline Planefit to None.

The feedback current and bias limits will depend upon the sample being imaged and the gain
settings for the TUNA sensor.
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4.4.6 Extended TUNA Filter

When measuring very low currents with high gain setting (1nA), environmental noise in the 50-
60Hz range (such as fluorescent lighting or computer feedback) might appear in the data (see
Figure 4.4r). Extended TUNA offers afilter that may help to reduce this noise.

Figure4.4l Noise with Filter Off

Figure4.4m Notch Filter Characteristics with Notch at 50/60Hz

|
50/60Hz

To use thisfilter, refer to these sections:
e Sdect Filter Level (-16dBV or -32dBV), page 79
e Turn Filter On/Off, page 81

e Ringingin Filtered Data, page 81
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Select Filter Level (-16dBV or -32dBV)
Thefilter level must be selected inside the Extended TUNA Module. You can choose from two
settings: -16dBV or -32dBV. Thisfilter should only need to be set once, assuming the
environmental conditions stay the same.

1. Remove thetop panel of the Extended TUNA module by unfastening the 2 bottom screws
and the screw in the middle (see Figure 4.4n).

Figure4.4n Unscrew These TUNA Screws to Remove the Top Panel

2. Flip the black switch to set the filter level (see Figure 4.40). The small white “1" above and
to theright of the switch indicates the -16dBV side and the small white “2" above and to the
left of the switch indicates the -32dBV side.
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Figure4.40 Extended TUNA Board

Filter Switch

Filter Setting
-16 and -32dBV

3. Replace the top panel by reinserting and fastening the 2 corner and 1 middle screws.
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Turn Filter On/Off

To turn thefilter on, push the labeled filter switch on the outside of the Extended TUNA module to
ON. To turn the filter off, push the switch down to OFF (see Figure 4.4p).

Figure4.4p Filter Switch on Extended TUNA Module

Off Setting

On Setting

Ringing in Filtered Data

Occasionadly if thefilter is on, high frequency transient noise causes ringing in the collected data
(see Figure 4.4q).

Figure4.4q Current Transition with Filter

N«
T v
\ Ringing

Figure4.4r Current Change with no Filter Selected

059
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To reduce ringing, complete one of these actions:
e Turn thefilter off when it is not required.
o If thefilter isset at -32dBV (2), reduce it to -16dBV (1).

o If filter must be on, scan slowly (for example, at 0.2Hz).
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4.5 Scanning Spreading Resistance Microscopy (SSRM)
The following topics are discussed in this section:
Sample Mounting: Section 4.5.1
SSRM Tip Selection and Mounting: Section 4.5.2
Softwar e Selection: Section 4.5.3
SSRM Imaging: Section 4.5.4
SSRM Ramping and RV-spectra: Section 4.5.5

Multiple RV Spectra: Section 4.5.6

45.1 Sample Mounting

Good electrical contact is required between the chuck and sample. Mount the sample to a standard
sample disk or stage using conducting epoxy or silver paint. Preparation of a cross-section surface
for SCM imagingisgivenin SCM and SSRM Sample Preparation, page 36. Note particularly the
importance of avoiding skin contact with the sample surface of interest in Sample Cleaning
Procedure, page 40.

4.5.2 SSRMTip Selection and Mounting

SSRM requires an electrically conductive tip. Different tips are preferred for different sample
material. We recommend using boron-doped diamond-coated silicon tips for silicon-based
structures, and metal tips, metal-coated tips or diamond-coated tips for compound semiconductor
materials (such as InP and GaAs-based structures). SSRM is operated in Contact Mode and
requires a stable electrical contact necessitating reasonably high contact force. Diamond or
diamond-coated tips are often preferred to support the stress on the tip.

Refer to your instruction manual for mounting atip in the probe holder and placing the probe
holder in the SPM head. See Har dwar e Description, page 24, for making electrical contact
between the SSRM Application Module and the tip through the probe holder.
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45.3 Software Selection

1. If not already operating in Real-time Mode, select DI > Real-time.

2. Inthe Other Controls panel, select SSRM as the Microscope M ode. The Feedback
Controls panel displaysall SSRM control parameters (see Figure 4.5a and Table 4.5a).

Figure4.5a SSRM: Other Controls and Feedback Controls Panels

: Cther Controls Feedhack Controls

Microgcope mode: | Contact — Scan feedback —— SSRM controls

- Tapgin
7 it o SPM feedhack DC Sample bias:
FM iggsin: I modulation: _ D test bias:
Integral gsin; 2.000

[lurminstion: m . .
Proportional gain: 4.000
Look&head gain: I:I
Colar takle: m

! ) Deflection setpairt: 0.2000 v
Min. endsge gsin: m

Table4.5a SSRM Control Parameters

Parameter Usewith SSRM Initial Setting
DC SampleBias Selectable DC bias to chuck/sample ov
DC Test Bias Selectable DC bias to test pin on SSRM sensor ov

4.5.4 SSRM Imaging

1. For initial settings of the Scan Contr ols parameters and the Feedback Controls parameters
in Contact Mode, refer to your instruction manual.

2. Set Channel 1> Data Typeto Height and Channel 2 > Data Typeto Resistance. The
topographic and SSRM resistance information display simultaneously.

3. Set (resistance) Channel 2 > Realtime Planefit and Offline Planefit to None.

4. Click ENGAGE (icon shown) to initiate tip/sample contact and start the measurement.

Note: You will probably want to adjust a number of parameters (Integral Gain,
Proportional Gain, Deflection Setpoint, etc.) to optimize an image.
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DC Sample Bias and Deflection Setpoint are the two most important parameters for SSRM
imaging. A higher Deflection Setpoint corresponds to a higher force between the tip and sample. In
order to obtain a stable electrical contact in SSRM, aminimum forceisrequired. At low forces, the
observed resistance values will be high (and often out of range). Upon increasing the force, the
electrical contact becomes more stable, and the resistance drops to alower, more stable value. An
effective setting of Deflection Setpoint depends on the sample material and thetip used. In general,
higher forces are needed for SSRM imaging of Si-based structures, as compared to other materials
(e.g., metals, I11-V semiconductor structures, etc.).

The optimum DC Sample Bias for SSRM imaging depends on the sample material. For Si-based
and metal structures, DC Sample Bias can be small values (-0.5V to 0.5V), whereas compound
semiconductor structures often require several volts of positive or negative sample bias. Astip
contact with some samples produces non-Ohmic behavior (not according to Ohm'’'s Law: voltage
equals current times resistance), the polarity of DC Sample Bias can have an important effect on
measured values. Try different magnitudes and polarities of DC Sample Bias to optimize SSRM
images. An example of simultaneously obtained topography and SSRM resistance images of a
cross-sectioned silicon DM OS transistor show differently doped regionsin Figure 4.5b.

Figure4.5b 12 Micron Scan SSRM Topography (Left), Resistance (Right) Images of a DMOS Transistor

Topography Resistance

Resistance data is provided in units of volts. A one volt change corresponds to a resistance change
of one order of magnitude. One megaohm (i.e., IMQ) resistance corresponds to OV output,
independent of the applied bias voltage. The relation between output voltage, V,, and input

current, I, is:
© Vour=S9n(Viize) * log (I * 10%Vy,.), where
. Sign(Vbias) =+1if Vbias> Oand

o SigN(Vpigg) = -1if Viigs< O, (see Figure 4.5¢)
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Figure4.5¢c Transfer Curve of the SSRM Logarithmic Current Amplifier
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455 SSRM Ramping and RV-spectra

NanoScope software permits sweeping or ramping various signals. Either position the SSRM tip at
the center of theimage, or apply an X or Y Offset to move the tip to another location.

The Force Curve command enables sweeps of various signals. A typical applicationisan
RV-spectrum (resistance, R, as afunction of voltage, V).

1

Click Real-time > View > For ce M ode > Advanced to open ramping panels (see Figure
4.5d). Main Controls> Ramp Controls parameters are summarized in Table 4.5b. Main
Controls > Display parameters are summarized in Table 4.5c.

Note: Scan Rate, Forward Velocity and Rever se Vel ocity are interdependent.
Changing a velocity affects the scan rate, and changing the scan rate affects
both velocities.

For Main Controls> Ramp Controls > Ramp Channel (see Figure 4.5¢), select aramping
option from the pull-down menu (e.g., choose DC Sample Biasfor RV spectra).

Set the values of the other parameters in the Ramp Controls and Display subpanels of the
Main Controls panel.

Select an option (e.g., Resistance) for Data Typein aChannel panel.

Start and stop ramping by clicking buttons on the toolbar (see Figure 4.4e and the button
definitions that follow on page 69).

Capture ramping curves with Real-time > Capture commands or toolbar buttons.
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Figure4.5d SSRM Ramping Panelsin Force Mode/Calibrate
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Table4.5b SSRM Ramp Control Parameters in the Main Controls Panel

Parameter

Use with SSRM

Ramp Channel

Selection of SSRM property to ramp from options: Z (for standard force
curve measurements), DC Sample Biasand DC Test Bias.

Ramp Begin/Ramp End

The start and end of aramp, as positive or negative values.

Scan Rate All ramps are begin-end-begin cycles. Scan Rate refersto one full cycle.
Forward Velocity & The ramp velocity from beginning to end, and end to beginning, respectively.
Rever se Velocity

X andY Offset Move the tip to adifferent location.

Number of Samples

The number (minimum 16, maximum 64,000) of samples per ramp.

Aver age Count

Average several (minimum 1, maximum 1024) ramps.
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Table4.5¢c SSRM Display Parametersin the Main Controls Panel

Parameter

Use with SSRM

Units

Metric or Volts

Feedback Type

Ensures that deflection feedback is on during ramping;
select Ramp, Cycle or Pixel.

Ramp enables feedback after each ramp cycle (start-end feedback).
Cycle enables feedback after each ramp cycle (start-end-start feedback).

Pixel enables feedback after every sample point of the ramp. Thisisuseful for
slow ramps with few sample points.

Feedback Counts

Select 50 for proper feedback.

Feedback Value

Select OV.

Figure4.5e SSRM Main Controls'Ramp Controls Panel

hain Controls

Forweard velocity:
Reverze velocity:
W offzet:
W offset:

Mumber of samples:

Average count:

— Ramp Cortrolzs — Dizplay
Ramp channel: | D Sample hias | Spring constant:
Ramp Begin: -0.2000 % Dizplay mode; Bath
Ramp End: 02000 % || | Units:
Scan rate: 0996 Hz || | ¥ Ratate:

0465 Vis
273 %=
0.00 nm
0.00 nm

a2

R

| Pauze | | Resume |
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An Example

An RV ramping curve example is shown in Figure 4.5f. Resistance varies from approximately

10™Q (represented as -8V) to 10°Q (0V) asthe DC Test Bias ramps from OV to +0.6V. An
Average Count of 3 was used to improve the signal-to-noise ratio.

Figure4.5f SSRM Resistance versus DC Test Bias Voltage (RV) Curvi

= 100=]

Ramp Plot

Resistance
2.00 v/div

DC test hias - 0.03 V/div

— Forward
Reverse

Zoow: 1.0:1
Digital Instruments NanoScope "

Ramp channel DC test hias
Ramp size 600.0 wV

Scan rate 0,9965 Hz
Data scale 20.00 V

Trigger and Delay

SSRM triggering direction for RV-spectra has the same meaning as with TUNA [V-spectra: see
Explanation of Trigger Direction, page 71.

CAUTION: Trigger Mode must be set to Absolute when performing SSRM RV-
2 spectra. Ignore parameters which share the same control panels but are
A relevant only to force curves.

Adding delays to SSRM RV-spectrais done the same way as with TUNA |V-spectra: see Delaying
Ramps, page 73.
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4.5.6 Multiple RV Spectra

You may perform ramps on an array of sample surface points, defining the array in the Auto Panel
(seeFigure 4.3p). A ramp is executed and captured, then the tip movesto the next point of the array,
each time using the same control parameter values (see Table 4.3i).

For additional ramp curve control, Scan M ode panel parameters (see Figure 4.3q) include the
option to limit the output signal (R in SSRM) to user-defined valuesin Trigger Mode. The Scan

M ode panel also offers two parameters you may use to independently delay times at the end of the
start-end ramp, or at the end of a complete start-end-start cycle. Ignore Scan M ode panel force
curve parameters (e.g., Start Mode, End Mode, Z Step Size, Auto Offset).

Table4.5d SSRM: Scan Mode Panel Parameters

Parameter

Usewith SSRM

Trigger Mode

For RV curves, select Absolute to turn on the trigger.

Trigger Channel

For RV curves, select Resistance to trigger on the resistance signal.

Trigger Threshold

Setsthe trigger value.

Trigger Direction

Select Negative or Positive ramp slope.

Ramp Delay

A delay following each start-end ramp.

Reverse Delay

A delay following each complete start-end-start cycle.

90

Application Modules: Dimension and MultiMode Manual

Rev. D



Operating Procedures
Conductive Atomic Force Microscopy (C-AFM)

4.6 Conductive Atomic Force Microscopy (C-AFM)

4.6.1

The following topics are discussed in this section:
Sample Mounting: Section 4.6.1

C-AFM Tip Selection and Mounting: Section 4.6.2
Softwar e Selection: Section 4.6.3

C-AFM Imaging: Section 4.6.4

Sample Mounting

Attach the sample to a sample disk or magnetic puck provided with the system and place them on
top of the sample chuck.

When measuring large samples, we recommend use of an electromagnetic interference shielding
hood. Large conductive samples can act as an antenna and focus el ectrical noise from the
environment into the input of the C-AFM sensor.

WARNING: The sample chuck and its surrounding area are el ectrostatic sensitive.
Employ ESD-protective measures at all times when handling a C-
AFM sensor or sample.

4.6.2

C-AFM Tip Selection and Mounting

C-AFM requires an electrically conductive tip. The potential for tip wear in Contact Mode is
another important consideration in selecting atip. Standard C-AFM tipsinclude Ptlr-coated tips for
Contact Mode (SCM-PIC) and CoCr coated (magnetized) Si tips (MESP). Less conductive
diamond coated tips (DCT-ESP) are an aternative if tip wear is a particular concern.

Refer to your instruction manual to mount atip in the probe holder and place the probe holder in the
SPM head. See Har dwar e Description, page 24 for making electrical contact between the C-AFM
Application Module and the tip through the probe holder.
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4.6.3 Software Selection
1. If you are not already operating in Real-time Mode, select DI > Real-time.

2. Inthe Other Controlspanel, select C-AFM asthe Microscope M ode (see Figure 4.6a).

Figure4.6a C-AFM: Other Controls Panel

Microzcope mode: C-AFh
Z limit: 3.500 um
Fbd igain:

Fid poain:
Init=: hetric

Color table:

Ll

hlin. engage gain: 3.00

a7

Note: C-AFM measurements can be performed in closed loop or open loop mode. In
open loop mode, the user selects afixed DC bias and the current passing
through the sample is measured. For these standard measurements, only afew
of the parameters available in the C-AFM Controls subpanel of the Feedback
Controls panel are necessary. You may clear all other parameters. Table 4.6a
summarizes all C-AFM Controls parameters and their functions. To access
parameters not currently displayed:

3. Click the ExPANSION button in the top left corner of the Feedback Control panel (see
Figure 4.6b). Select View All (parameters) in the pull-down menu that appears, or click in
the boxes to the left of the names of those of interest.
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Figure4.6b C-AFM: Feedback Controls Panel

Expansion Button

Feedhack Controls

— Main

Irtegral gain:

— C-AFM controls

ZPM feedback: D zample hias:

0.4000 Current setpoint:

Proportional gain: 06000 Current Sens.

Deflection setpaint: -5.000 % Biaz lowwer limit:

Biaz upper limit;

Feedback gain:
O test hias:

Table4.6a C-AFM Controls Parameters

Par ameter Usewith C-AFM
Feedback Mode Either Open or Closed.
DC Sample Bias Selectable bias to chuck/sample.

Current Setpoint

The closed loop mode controlled current target.

Current Sensitivity

Sets the gain of the C-AFM sensor:*
1nA/V = gain of 10°?
100nA/V = gain of 107

Bias L ower Limit

Limits the minimum bias applied to the chuck/ samplein
closed loop mode.

Bias Upper Limit

Limits the maximum bias.

Feedback gain

Adjusts the feedback gain in closed loop mode.

DC Test Bias

Provides an additional bias for the purpose of testing the
C-AFM sensor.

* nA/V and 100nA/V refer to the output voltage of the C-AFM sensor. If a
Signal Access Moduleis available, the output voltage can be measured at AuxD.
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4.6.4 C-AFM Imaging

Quick Start
For aquick start, use the C-AFM profile.
1. Select Microscope > Profile and the Profile Select panel appears.

2. Highlight the profile C-AFM (file name C-AFM) and click Load Master to set scan
parameters to acceptable values.

Real-time Mode
To perform a measurement in Real-time mode:
1. Click DI > Real-time.
2. Set Other Controls> Microscope modeto C-AFM (see Figure 4.43).

3. Set the C-AFM Controls subpanel parameters (see Figure 4.6b) to the values shown in
Table 4.6b.

Table4.6b Initial Settings of C-AFM Control Parameters

Parameter Usewith C-AFM
DC SampleBias ov
Current Sens. 1nAIV
DC Test Bias ov

C-AFM is a Contact Mode technique. For theinitial settings of the Scan Controls parameters and
the Feedback Controls parametersin Contact Mode, refer to your instruction manual. Typically,
the Feedback Controls panel looks similar to what is shown in Figure 4.4b.

4. Set Feedback Controls> Deflection Setpoint to no more than a few tenths of avolt above
the engagement point. Thiswill keep the contact force sufficiently low, thus not causing any

damage to the tip or sample. Thisis especially important for metal coated tips or soft
samples.

5. Once Scan Controls and Feedback Controls parameters are set, click M otor > Engage or
the ENGAGE icon (shown) and start a measurement.

Note: It will probably be necessary to make adjustments to anumber of parameters
(Integral Gain, Proportional Gain, Deflection Setpoint) before the image
is optimized.
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6. Set Channel 1> Data Typeto Height to view the topography and set Channel 2 > Data
Typeto Current to view the current data (see Figure 4.4c).

7. Inthe Channel 2 panel, set Realtime planefit to None and the Offline planefit to None or
Full.

8. Verify Highpassfilter and L owpassfilter parameters are turned Off in Channel 2.

Note: The Data Center parameter in Channel panelsis useful for measurement of
small current variations in a sample with an overall larger background
current. It offsets the centerline of the color scale by the amount entered:
within the range £220V—or the metric equivalent if Other Controls >
Unitsis set to Metric.

Figure4.6c C-AFM: Initial Setup of Channel 1 and Channel 2 Panels

- | Channel 1 = | Channel 2
Diata type: Heighit Data type: Current
Data scale: 450.5 nm Data scale: 20000 nA,

Diata certer: 0 nm Data certer: 0 pa
Line direction: Retrace Line direction: Retrace

Reattime planefit: Line Realtime planefit: Mone

L
A

Offline planefit: Full Offline planefit: Mone

5706

9. Toreducewear of thetip and sample, decrease the contact forces between the tip and sample
as much as possible. Thisis donein one of the following two ways:

« Generate aforce plot and adjust the Force Calibration > Setpoint to alevel just before
the pull-off point, thus minimizing force (refer to your instruction manual),

e Without aforce plot:
e Click View > Scope M ode and observe the (Channédl 1) Height trace.
e Highlight Feedback Controls > Deflection Setpoint and left-click the mouse to
reduce the force applied to the sample by lowering the setpoint incrementally.
Repeat until the tip eventually lifts off the surface.

¢ Click theRIGHT ARROW key as needed to obtain afocused image.

Note:  Adjusting the Deflection Setpoint to afew tenths of avolt above the
engagement point provides alow contact force.

10. Slowly increase the Feedback Controls > DC Sample Bias while watching the current
signal in either Image Mode or Scope Mode. For many samples, the current increases rapidly
beyond a threshold bias.
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Note: Do not scan too fast. The sensor bandwidth isonly 160Hz. The slower asample
is scanned, the higher the spatial resolution the current sensor can detect.
Adjust Scan Controls > Scan Rate for image quality.

WARNING: Increase DC Sample Bias carefully: metal coated tips may melt and
the sample may be damaged if the current density is too high.

WARNING: Electrostatic forces cause a strong attraction between the tip and most
samples when abias is applied. The electrostatic force does not result
in additional deflection of the cantilever, but does induce more wear of
the tip, and can damage soft samples, such as polymers. Reduce the
Deflection Setpoint (see Step 9) to lower the tip/sample force.
Alternatively, apply the biasfirst before engaging. However, the latter
method works only for experiments with a well-defined, known bias.
In most cases, further adjustment of Deflection Setpoint will be
necessary.

11. Save the data as described in Chapter 6 of the Command Reference Manual.

C-AFM IV-Spectra
NanoScope software permits “1V” (current, |, as afunction of voltage, V) measurementsin a
specified location on the sample. Typically the SPM tip is placed at the center of an image where an
IV-spectrum is captured. By applying X and Y Offsets, the tip may be moved to other locations.

Perform an IV Measurement

1. Click View > Force Mode > Advanced to open the Main Controls, Feedback Controals,
Scan Mode and Channel panels (see Figure 4.6d).
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Figure4.6d C-AFM Ramping Panels

5 = Feedhack Contrals
— Ramp Controls ——e————————— Dizplay  ———————— — Main Feedback —— C-AFM controls

Rarmp channel: D sample biss Spring constant: SPM feedback: D zample hias:
Ramp Begin: -1.000 % Display mode: Integral gain: Currert Sens.
Ramp End: 1.000 % Units: m Proportional gain: D test hiss:
Scan rate: ¥ Rotate: [ 1o Deflection setpoirt; 5000y
X offsst FM igain: [ 0]
[

 offeet: F pozin:

Murmber of Samples:

Setpoint 0
Average count: —I

Pause Resume

- Scan Mode

Trigeer mode: Off

= Channel 1 - Channel 2 Trigy channel: Deflection

Diata type: Deflection Data type: Trig threshold: oy
Data scale: 2500 Diata =cale: 10,00 N Trig direction: Megative
Data center: 0y Data certer: Auto start: Enable

Deflection Sens.: 1.000 Ramp delay: 0.00 ps

Reverse delay: 0.00 ps

Table Note: through Table 4.6d summarize the ramping parameters and their functions:

Note: C-AFM: Main Controls'Ramp Controls Subpanel

Parameter Usewith C-AFM
Ramp Channel Select DC Sample Biasto ramp the bias applied to the chuck/sample.
Ramp Begin/Ramp End Define beginning and end of ramp; both values may be positive or negative.
Scan Rate* All ramps are begin-end-begin cycles (V gat-Veng-V gart), @nd the scan rate

refersto one complete cycle.

Forward Velocity* & Reverse | Definesthe ramp velocity from beginning to end value, and end to beginning

Velocity* value, respectively.

X andY Offset Moves the tip to a different location.

Number of Samples Sets the number of samples per ramp (minimum 16, maximum 64,000).
Average Count Allows several (minimum 1, maximum 1024) ramps to be averaged.

Note: *Scan Rate, Forward Velocity and Rever se VVelocity are interdependent.
Changing a velocity affects the scan rate, and changing the scan rate affects
both velocities.
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2. Adjust the following parametersin the Display subpanel of the Main Controls panel (see
Table 4.6¢):

Table4.6c C-AFM: Main Controls/Display Subpanel

Parameter Usewith C-AFM
Units Select Metric for 1V-spectra.

Feedback Type Ensures that deflection feedback is on while ramping DC sample bias; select
Ramp, Cycle or Pixel:

Ramp enables feedback after each ramp or half cycle (V gat-Venq feedback).
Cycle enables feedback after each ramp cycle (Vstart-Vend-V start feedback).

Pixel enables feedback after every sample point of the ramp. Thisis useful for
extremely slow ramps with few sample points.

Feedback Counts Select 50 for proper feedback.
Feedback Value N/A

3. Toview IV-spectra, set Data Typeto Current for either Channel 1 or Channel 2 (see Table

4.6d).
Table4.6d C-AFM: Channel Panel Parameters

Parameter Usewith C-AFM
Data Type For 1V Spectra, select CURRENT.
Data Scale* Adjust according to data.
Data Center Offsets 1V-spectrum along the vertical (current) axis.
Current Sensitivity* Display the sensitivity selected in the Feedback Controls> C-AFM Controls

panel.

Note: *Data Scale and Current Sensitivity parameter settingsin a Channel panel
automatically adjust the setting of the Feedback Controls> Current
Sensitivity parameter.

Start and Save IV-spectra

1. Tostart and stop voltage ramps, click the appropriate icon in the toolbar (see Figure 4.4e and
the button definitions that follow on page 69).

Note: In order to take I V-spectra, the AFM must be engaged.

2. Capture ramping curves with Real-time > Captur e commands or toolbar buttons.
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A C-AFM Example

Figure 4.6e shows ramp control settings for atypical |'V-spectrum measured using C-AFM. TheDC
sample bias ranges from -5V to +5V.

Figure4.6e C-AFM: Typica DC Bias Ramp Applied to Sample for I'V-Spectrum Measurement
Oﬂ‘set Zom In Zoom Out Execute Clear Reset

Ramp Plot

Current
2000.00 pA/div

-5.00  p¢ sample hias - 0.50 U/div  5.00

— Forward
«— Reverse

Zoow: 1.0:1
Digital Instruments NanoScope oom

Ramp channel DC sample hias
Ramp size 10.00 Vv

Secan rate 0.9965 Hz
Data scale 20000 pA

Trigger Mode Function and Operation
Trigger Mode enables limiting of the current passing through a sample to protect it. See the Real-

time > Force Mode...Advanced/Scan M ode panel (see Figure 4.3q) for trigger parameters. Table
4.6e and Table 4.4g describe trigger parameter functions.

Table4.6e C-AFM: Scan Mode Panel Parameters

Parameter Usewith C-AFM
Trigger Mode Triggering is either Off, Relative or Absolute. For 1V-spectra select
Absoluteto turn the trigger on.
Trigger Channel For 1V-Spectra, select Current for triggering on the current.
Trigger Threshold This setsthe trigger value. For a current sensitivity of 1nA/V, select

any value between -10nA and +10nA. For acurrent sensitivity of
100nA/V, select any value between -100nA and +100nA.

Trigger Direction (see explanation bel ow)

Auto Start Set to Disable.
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Trigger and Delay

C-AFM triggering direction for | V-spectra has the same meaning as with TUNA (see Explanation
of Trigger Direction, page 71).

CAUTION: Trigger M ode must be set to Absolute when performing C-AFM V-
spectra. Ignore parameters which share the same control panelsbut are
relevant only to force curves.

Adding delays to C-AFM |V-spectrais done the same way as with TUNA (see Delaying Ramps,
page 73).

Multiple IV-Spectra

1. Openthe Auto Panel by selecting Panels > Auto (see Figure 4.3p).

2. Set the number of 1V-spectrain the array using the Columns and Rows parameters—the
number of IV-spectrato be performed in the X and Y directions, respectively (see Table
4.30).

3. Set the spacing between the columns and rows in the array using the Column Step and Row
Step parameters—which define the distance between two neighboring 1V-spectra along the
X andY directions, respectively.

4. Adjust Scan Mode > Trigger Threshold and Auto Panel > Threshold Step to set the
trigger currents for an array of 1VV-spectra. For automated 1V -spectra, increment the trigger
threshold current in the X-direction:

a. Set Trigger Threshold to theinitial value for the first I\V-spectrum in each row.

b. Increment Trigger Threshold according to the value of Threshold Step for every

subsequent 1V -spectrum in each row.

An Example
If aTrigger Threshold is 1.0nA and the Threshold Step is0.1nA, then subsequent rows of the V-
spectrause atrigger threshold current varying from 1.0, to 1.1, to 1.2,... nA. To execute an array of
I V-spectra with the same trigger threshold current, set Trigger Threshold to the desired threshold
and set Threshold Step to 0.0nA.

1. Toexecutean array of |V-spectra, click the START ARRAY toolbar button (see Figure 4.4¢).

2. To capturethe IV-spectra set Auto Panel > Captureto Enable before starting the array.
Each spectrum of the array is saved separately. If Captureis set to Off, the spectra are lost.
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Export IV-Spectra

To export 1V-spectrain ASCII or any other format offered by the NanoScope software, complete the
following steps:

1. Savethe current data.

2. Export the saved data. The export function islocated in the Offline > Utility menu.

Offset Correction

Any C-AFM sensor offset is adjusted with a potentiometer, which is covered by the flat head screw
on the bottom of the sensor housing (see Figure 4.6f).

1. Goto Real-time> View > Scope Mode.

2. Remove the screw on the sensor housing and carefully adjust the Offset Adjustment
potentiometer with the screw driver (provided in the application module accessory kit) until
the signal isalong the horizontal zero line. A limited range is available on the adjacent Gain
Adjustment potentiometer.

3. Adjust the Data Scale for better alignment.

Figure4.6f C-AFM Offset Correction Access

Offset
Adjust
Gain

Adjust
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4.7 Scanning Thermal Microscopy (SThM)

4.7.1

4.7.2

The following topics are discussed in this section:

Sample Mounting: Section 4.7.1

Dimension SThM Tip Selection and Mounting: Section 4.7.2
MultiM ode SThM Tip Selection and Mounting: Section 4.7.3

Parameter Settingsfor Thermal Imaging: Section 4.7.4

Sample Mounting

Attach the sample to a sample disk or magnetic puck provided with the system and place them on
top of the sample chuck.

Dimension SThM Tip Selection and Mounting

WARNING: Because they are significantly more expensive than standard SPM tips,
thermal tips must be handled with extraordinary caution. The resistors
deposited on their tips are easily destroyed by electrical static
discharge (ESD) = 800 uA; therefore, they must never be removed
from their protective packaging until the user is electrically grounded.
Preventative measures for the handling of sensitive electronic
components are detailed in numerous publications. For more
information, Veeco refers the reader to the Electrical Speciaties
Division of 3M Corporation, which offers a complete program in ESD
safeguarding. 3M Electrical Specialties Division may be reached at 1-
800-858-5373.

Installation of Dimension thermal tipsis similar to standard silicon nitride tips; however, the
Dimension thermal probe holder features a dightly modified holding mechanism consisting of a
miniature vise operated with a cammed lever. The lever has three basic positions. open, protected
and imaging (see Figure 4.7a). These positions are defined as follows:

» Open— Lever points toward probe holder’s underside.

» Protected— Lever pointsto either edge of the probe holder. In this position, electrical
contacts on the thermal tip are grounded to protect the sensitive resistor.

* Imaging— Lever points toward probe holder’s upper side. DO NOT rotate the lever to
the “imaging” position until the probe holder is securely mounted inside the SPM and
ready to image.
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Figure4.7a Dimension Thermal Probe Holder

Open

(Underside of probe holder)

Protected

(Top side of probe holder)

Imaging NOTE: It is possible, though not
advisable, to rotate the lever 360°.

F

Installing a Thermal Tip

IMPORTANT! Before installing the sample and thermal tip, first verify that all tip-sample
adjustments have been properly made. Many thermal imaging experiments involve outside
hardware (e.g., electrical leads to the sample, special mountings, etc.) which can destroy the very
expensive thermal tip. For this reason, always start with a standard SiNi tip in the probe holder

while making the following checks:
e Can thetip reach the sample surface?
» Isthe sample surface electrically insulated (passivated) from the tip?

» Areelectrica leads to the sample clear of the probe holder and tip? Are leads secured
using cableties or tape? If an electrical lead is accidentally snagged, will it destroy the

tip and/or sample?
To install athermal tip, employ the following procedure:

1. Preparean electrically grounded work space near the SPM, for example, agrounding pad, tin
foiled bench with electrical grounding, etc. Attach a grounding strap to your wrist. The
prepared area should include metal tweezers and thermal tipsin their (closed) protective

case.
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WARNING: Y our grounding strap should feature a limiting resistor to protect you
from electrical shock!

Withdraw the tip several times from the sample surface to ensure good clearance. Remove
the thermal probe holder from the SPM and rotate the lever to the protected position. Place
the probe holder upside down on the probe holder changing station. Rotate the probe
holder’ s lever upward to the open position.

If athermal tip is already in the probe holder, use tweezersto remove it. Take a new thermal
tip from the protective case and install it in the probe holder. Close the protective case with
the remaining thermal tips.

Verify that the tip is seated in the probe holder’ s groove, then rotate the probe holder’ s lever
to the protected position. Thiswill close the probe holder’ s vise and secure the tip.

If a new sample has been placed in the SPM, verify sufficient separation exists between the
probe holder mount and sample to prevent bottoming out the new tip on the sample. Select
Real Time> Motor > Step Motor to position the probe holder mount properly, then place
the prabe holder into the SPM.

Verify that the SPM head is plugged in and the NanoScope software is operating. Also,
verify that the Quadrex moduleisin line between the microscope and controller (NanoScope
[llaonly).

Finally, rotate the probe holder’ slever to theimaging position by swinging it straight up. The
tip isnow “active” and ready to use.
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4.7.3 MultiMode SThM Tip Selection and Mounting

\

WARNING:

Because they are significantly more expensive than standard SPM tips,
thermal tips must be handled with extraordinary caution. The resistors
deposited on their tips are easily destroyed by electrical static
discharge (ESD) = 800 uA; therefore, they must never be removed
from their protective packaging until the user is electrically grounded.
Preventative measures for the handling of sensitive electronic
components are detailed in numerous publications. For more
information, Veeco refers the reader to the Electrical Specialties
Division of 3M Corporation, which offers a complete program in ESD
safeguarding. 3M Electrical Specialties Division may be reached at 1-
800-858-5373.

Installation of MultiMode thermal tipsis similar to standard silicon nitride tips; however, the
thermal probe holder features a slightly modified holding mechanism consisting of a grounding
switch and arelease button. The switch has two positions: grounding and imaging (see Figure
4.7b). These positions are defined as follows:

e Grounding— Switch position is at the back of the probe holder. In this position,
electrical contacts on the thermal tip are grounded to protect the sensitive resistor from

ESD.

* Imaging— Switch position is towards the front of the probe holder. DO NOT push the

switch to the imaging position until the probe holder is securely mounted inside the
SPM and ready to image.

Rev. D
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Figure4.7b MultiMode Thermal Probe Holder
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Installing a Thermal Tip

IMPORTANT! Before installing the sample and thermal tip, first verify that all tip-sample
adjustments have been properly made. Many thermal imaging experiments involve outside
hardware (e.g., eectrical leads to the sample, special mountings, etc.) which can destroy the very
expensive thermal tip. For this reason, always start with a standard SiNi tip in the probe holder

while making the following checks:
e Can thetip reach the sample surface?
e |Isthe sample surface electrically insulated (passivated) from the tip?

e Areéelectrical leads to the sample clear of the probe holder and tip? Are leads secured
using cableties or tape? If an electrical lead is accidentally snagged, will it destroy the

tip and/or sample?
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Toinstall athermal tip, employ the following procedure:

1. Prepare an electrically grounded work space near the SPM, for example, agrounding pad, tin
foiled bench with electrical grounding, etc. Attach a grounding strap to your wrist. The
prepared area should include metal tweezers and thermal tipsin their (closed) protective
case.

CAUTION: Your grounding strap should feature a limiting resistor to protect you

T from electrical shock!

2. Withdraw the tip several times from the sample surface to ensure good clearance. Push the
grounding switch to the grounding position and remove the thermal probe holder from the
SPM.

3. With the probe holder upside down, press and hold the release button to release the old
thermal tip from its position beneath the spring clip. Use tweezersto remove the old tip from
the probe holder.

4. Removeanew thermal tip from the protective case and placeit in the probe holder. Close the
protective case with the remaining thermal tips. The Realtime and Offline Planefit
parameters should both be set to None on the thermal Channel panel.

5. Verify that the tip is seated in the probe holder’ s groove, then let go of the release button.

6. If anew sample has been placed in the SPM, verify sufficient separation exists between the
probe holder mount and sample to prevent bottoming out the new tip on the sample. Use the
Tip Up switch and/or Real Time > Motor > Step Motor command to position the probe
holder mount properly, then place the probe holder into the SPM.

7. Secure the probe holder by tightening the clamping screw at the rear of the SPM head.

8. Move the grounding switch from the grounding position to the imaging position at the back
of the probe holder.

9. Verify that the SPM head is plugged in and the NanoScope software is operating. Also,
verify that the Quadrex moduleisin line between the microscope and controller (NanoScope
[1aonly).
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4.7.4 Parameter Settings for Thermal Imaging

Thermal imaging utilizes the controller’'s STM lineto convey the thermal tip signal. Typically, two
imaging channels are used at the sametime. Asthe sampleis scanned, thetip is kept in contact and
isused to generate a contact AFM topography image on one imaging channel. Meanwhile, a second
imaging channel generates the actual thermal image. Parameter settings for thermal imaging are as
follows:

1

Verify that the tip is not engaged with the sample. If engaged, click on the Withdraw icon
(Real Time> Motor > Withdraw) to disengage the tip.

Set the Microscope mode parameter on the Real Time > Other Controls panel to
Thermal. Verify that the | nterleave Controls panel isdisabled (I nterleave mode parameter
set to Disabled).

Set the Thermal Har dwar e parameter under Thermal Controlsin the Feedback Controls
panel to App Modules (or Thermal Head, if you have an older thermal application
module).

Set the Data type parameter on the Channel 1 panel to Height; set Channel 2 to Thermal.
Channel 1 will be used to show the sample’'s topography; Channel 2 will produce the
thermal image.

Set the Z range parameter on the thermal Channel panel to its maximum value (20.0 V). Set
the Realtime Planefit parameter to None (thisis only temporary). Set the Scan rate
parameter on the Scan Controls panel to 10 Hz.

Verify that the probe holder lever is pointed upward in the “imaging” position. The thermal
circuit is ready for adjustment using a two-step process.

a. Thesigna voltageisfirst adjusted with the laser off the cantilever.

b. Thesigna voltageisthen adjusted with the laser on the cantilever. If thelaser isaligned
with the cantilever, move it off of the cantilever now by turning either of the laser
aiming screws.

Set voltage coming from the circuit by monitoring the signal using Scope M ode. To put the
SPM into scope mode, select the Real Time > View > Scope M ode command (or click on
the Scope M odeicon). A plot of the DC output signal from (thermal) Channel 2 displayson
the display monitor (see Figure 4.7c¢).

Note: Wherethe signal appears on the graph (or whether it appearsat all) will depend
upon what the output voltageis.

108

Application Modules: Dimension and MultiMode Manual Rev. D



Operating Procedures
Scanning Thermal Microscopy (SThM)

Figure4.7c Scope Trace of Thermal Sensor Output

Z Range
2.00 V/div.

Use coarse and fine offset
knobs to center the signal
in Scope Mode

Scan 2.46 ms/div

8. The SThM sensor contains additional circuitry for the thermal tip. Electronic controls are
located on the sensor for adjustment of offset and gain. Center the thermal signal on the
graph by turning the Coar se and Fine offset adjustment knobs on the sensor (see Figure 4.7¢c
and Figure 4.7d).

Figure4.7d SThM Sensor

Fine Adjust Offset
Gain Adjust

026

Coarse Adjust Offset

9. With thethermal signal voltage centered, the next adjustment will be performed with the
laser aligned on the cantilever. Use the laser adjustment screwsto align the laser beam on the
cantilever in the normal fashion. While the microscope’ s sum signal is optimized, the
thermal signal voltage should stray from center due to heat from the laser beam upon the
cantilever.

10. Adjusting one axis of the laser alignment at atime, move the laser beam around until the
white line on the scope dips to a minimum; this will require repeatedly switching between
axes. If the scope trace dips offscale, reduce the Gain knob on the side of the head until the
trace reappears on the scope. Continue aternating between axial adjustment of the laser
beam until the signal is as negative as possible. Finally, use the gain knob to position the
signal trace 2.0 volts below the centerline on the scope.

Rev. D Application Modules: Dimension and MultiMode Manual 109



Operating Procedures

Scanning Thermal Microscopy (SThM)

Note: The purpose of this step isto adjust gain in the thermal head so that each tip
will have approximately the same sensitivity. Since the laser produces a

Z Range
2.00 V/div.

constant power level. The cantilever will absorb a constant amount of heat and

quickly come into thermal equilibrium with the rest of the system.

Figure4.7e Scope Trace of Thermal Sensor Output at -2.0V

2.46 ms/div

11. Depending upon the tip, sample, and noise conditions, it may be necessary to finely readjust
all the aforementioned knobs to achieve an ideal signal. Once the signal is adjusted and the
laser is aligned, you may exit Scope M ode to reenter | mage M ode.

12. Lastly, return the Scan rate parameter on the Scan Controls panel to 1-2 Hz (DO NOT
engage at 10Hz!). Reduce the Z range parameter on the Channel panel to accord with the
sample. Y ou are ready to begin thermal imaging.
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Chapter 5 Maintenance

5.1 Introduction

» Cleaning: Section 5.2

» Specifications: Section 5.3

» Troubleshooting: Section 5.4
* SCM: Section 5.5
TUNA: Section 5.6
» Extended TUNA: Section 5.7
e SSRM: Section 5.8

¢ C-AFM: Section 5.9

SThM: Section 5.10

*  Warranty: Section 5.11
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5.2 Cleaning

The exterior of an SP—away from the probe and sample area—may be cleaned with adry wipe as
needed. Veeco recommends a camera lens cleaning kit to gently clean the fragile probe holder.

Whenever the contacts are contaminated, or at least every three-to-six months, clean the electrical
contacts for the Tapping Mode probe holder—both on the probe holder and on the scanner—using
aswab dipped in alcohol and a dight scrubbing motion.

WARNING:

Always remove the sample puck from the magnetic chuck before
cleaning. Do not allow any liquid on the scanner asit could short
circuit its piezoel ectric elements, permanently damaging them. Only
clean the chuck with a dry wipe. The sample puck, once isolated, may
be cleaned with a lint-free wipe soaked in alcohol.

5.3 Specifications
Basic performance specifications for the six application modules appear in Table 5.3a.
Table5.3a Technical Specification
Application Module Parameter Range of Values
SCM Capacitive Frequency Range 900MHz to 1050MHz
Maximum Sensitivity 1022p+HZ 12
" Maximum Spatial Resolution 20nm
TUNA Current Range 80fA to 120pA
Maximum Lateral Resolution 10nm
Ext. TUNA Current Range 80fA to 1pA
Maximum Lateral Resolution 10nm
SSRM Current Range 10pA to 0.1pA
" Maximum Lateral Resolution 15nm
C-AFM Current Range 1pA to 1pA
Maximum Lateral Resolution 10nm
SThM Maximum Lateral Topographic Resolution 10nm
Maximum Lateral Thermal Resolution 40nm to 50nm
Maximum Thermal Resolution 0.1K
The above performance assumes the Quadrex and application modules are stored and operated
according to the environmental conditions listed in Table 3.2a, page 16.
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5.4 Troubleshooting
* SCM: Section 5.5
*  TUNA: Section 5.6
* Extended TUNA: Section 5.7
* SSRM: Section 5.8
* C-AFM: Section 5.9

e SThM: Section 5.10

55 SCM

5.5.1 Problem: The Microscope Will Not Engage

Do not allow the spring clip on the probe holder to touch the sample before the tip. Lower the
profile of the clip if it does.

5.5.2 Problem: No SCM Signal Is Received

Verify the sample and probe are suitable for SCM measurements:

1. If thetip does not have ameta coated tip, replace it with an appropriate tip.

2. Verify you are using an SCM probe holder, and that it is electrically connected to the SCM
Application Module and the Module is connected to the SPM controller either directly (e.g.,
aNanoScope IV Controller) or indirectly (e.g., through a Quadrex module) (see Application
Module I nstallation, page 28).

3. Verify the parameter values selected in the Equipment Select panel (see Softwar e Setup,
page 34).

4. Verify appropriate AC Bias Ampl. and DC Bias Ampl. values (see Open Loop SCM
Imaging, page 45).

5. Try aVeeco practice sample; if it produces areasonable SCM image, try recleaning the
sample surface, or even relapping a cross section.

6. Make sureyou arelooking at the desired location on your sample.
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5.6 TUNA

5.6.1 Problem: No TUNA Signal Is Received

If acurrent signal is not detected, although you expect the sample to be adequate for this type of
measurement, check for several possible problems with the system/setup as follows:

1. Apply aDC biasto the chuck and measure it with avoltmeter.
a. If thereisno bias, reset the microscope by clicking on Microscope > Reset.
b. If the problem persists, contact Veeco.

2. Veify the sampleisin electrical contact with the chuck.

3. If you suspect a problem with the TUNA sensor, complete the following procedure:
a.  Unplug the 15-pin sensor connector from the Quadrex module.

b. Plug a10GQ resistor between the input pin and the test pin of the sensor.

Figureb5.6a Schematic Test Circuit of TUNA Sensor

O
SENSOR
Test Pin
-xT: <
_— DC Test
10GQO Bias
TeSt Resistor T
- R
. Sgnsor
Input Pin Output
3881
CAUTION: Be careful not to touch the resistor with your hands. The resistance of

the oil from your hands |eft on the resistor leads can decrease the
effective resistor value. Use tweezers.
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c. Before reattaching the 15-pin sensor connector to the Quadrex module, make sure that
the TUNA Controls subpanel parameters are set to the values shown in Table 5.6a.

d. Attach the sensor to the SPM head and connect its cable to the 15-pin connector on the
Quadrex module.

e. Click View > Scope M ode and select values for the Channel 2 panel parameters
according to Table 5.6h.

f. Apply aDC Test Biasof +0.01V then -0.01V. Verify that the current signal increases
by +1pA and decreases by -1pA, respectively.

g. Check if current signals scale properly by applying + 0.01V, + 0.02V, + 0.03V and
0.04V. The current signal should change by +1pA, +2pA, +3pA, up to +4pA.

Note: If the scanner does not perform according to the previous description,
something is wrong. In such a case, contact Veeco.

Note: Thevaluesof largeresistors are often approximate and can easily be inaccurate
by > 5%. Thus the output signal at a given test bias might reflect a consistent
gain error.

Note: Parameters whose option is shown as “May be cleared” in Table 5.6a are used

in closed loop, not open loop TUNA. Capacitive current coupling between the
cantilever and chuck complicates closed |oop operation.

Table5.6a TUNA Controls Parameters

Parameter Usewith TUNA Option
Feedback Mode Open May be cleared
DC SampleBias ov Select
Current Setpoint ov May be cleared
Current Sensitivity 1pAIV Select
Bias L ower Limit ov May be cleared
Bias Upper Limit ov May be cleared
DC Test Bias ov Select

Table5.6b Channel 2 Parameters
Par ameter Usewith TUNA

Data Type Current

Data Scale 10pA

Data Center OpA
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Parameter

Usewith TUNA

LineDirection

N/A

Realtime Planefit

None

Offline Planefit

None

L owpass Filter

Off

CAUTION: Extreme sensitivity to small currents also results in significant
amplification of external disturbances. Examples of sources of
disruptions include electronic equipment such as: oscilloscopes,
fluorescent light in conjunction with certain samples, etc.—especialy

when operated nearby.
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5.7 Extended TUNA

5.7.1 Extended TUNA Module Test Procedure

Introduction

Extended TUNA offersthe range of TUNA and C-AFM in asingle sensor. The Extended TUNA
sensor has four separate gain stages, and each needs to be tested separately. Two of these gain
settings correspond to the old TUNA sensor (1 or 10pA/V), and the second two correspond to the
old C-AFM sensor (1 or 100nA/V). Thistesting is an implementation of Ohmslaw in that a voltage
isapplied to aknown resistor. The current flow is measured by the sensor, converted to a voltage
and finally displayed in the NanoScope software.

It isimportant when testing the sensor that the correct resistor is used with each gain setting. For the
TUNA gain settings (1 or 10pA/V), you should only use the 10 Giga Ohm test resistor. If the 100
Mega Ohm resistor is selected, small variationsin the noise of the test bias will saturate the sensor
even though you may have zero volts selected in the software. Thiswill make the offset adjustment
impossibleto do. The same appliesto the C-AFM settings of the sensor (1 or 100nA/V). You should
only use the 100 Mega Ohm resistor for these modes. If the resistor isincorrectly set in this mode,
you will not be able to apply enough test bias (maximum of 10 volts) through the 10 Giga Ohm
resistor to see a current reading from the sensor.

Figure5.7a Test Resistor supplied with Extended TUNA Sensor

)]

10Gig
T — Resistance

100Me = = Selector Switch

You must trim the sensor gain and offset adjustments before conducting any noise test, or the noise
test will be inaccurate. To adjust gain and offset use the two trim pots accessible via holes in the
side of the sensor housing (see Figure 5.7b). These holes are normally sealed with two socket-head
cap screws that must be removed to access to the trim pots.

WARNING: Be careful to not damage the anodized coating on the sensor housing
and lid, asthis provides essential electrical isolation that isrequired for
the sensor to meet the noi se specifications.
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WARNING: Be careful when adjusting these trim pots, as excessive force will
damage the board.

Figureb5.7b Offset and Gain Adjustment Trim Pots on Extended TUNA

Gain Adjust

Offset Adjust

Offset Adjustment

Mount the sensor to the head (Dimension) and insert the test resistor between the TUNA connector
and test bias sockets. The test resistor should be oriented so that the resistor selector switch is
facing away from the scanner (see Figure 5.7c and Figure 5.7d).

Note: The MultiMode the sensor need not be connected to the AFM head at this
point. It can be connected to the SAM-1-AM and placed in a convenient
location for future use.
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Figure5.7c Extended TUNA Connectors (Underside of Sensor)

Test Bias (Analogue 3) TUNA Connector

TUNA Connector

Figure5.7d Dimension Extended TUNA Test Resistor on Sensor

€—— Resistor Selector

Switch

(@)

1. Onthe Dimension, loosen the scanner locking screw so that the head will not hit the sample
stage and place the head into the dovetail of the microscope.

Note: Thereisno need for the microscope to be engaged during the offset or gain
adjustments on either the Dimension or MultiM ode systems.

2. Start the software and set up the system for TUNA. NanoScope Version 5.12r4 or any beta
built on or after 4-23-03 is required to support the Extended TUNA hardware.

3. Inthe Feedback Controls Panel, select Extended as the Har dwar e type.

4. Setthe DC Test Bias (test bias) to OmV and plug in the head and sensor, ensuring that the
TUNA sensor 15-pin cable passes through the signal access module.
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10.

Use the voltmeter to verify that the test biasis zero, as there may be an offset on the
controller. This can be found on the “SIG 2" BNC Connector on the breakout box. If the test
biasis not zero, then an offset should be applied to the test bias until it is zero. If the offset of
the test biasis greater than £20mV, you should have the Analog 3 line on the controller
adjusted (Contact Veeco for a procedure).

Note: With al0mV offset on the test bias and the sensor set to a maximum gain of
1pA/V, the sensor output would be 1 volt when the 10 Gig Ohm test resistor is
used.

In the Feedback Controls Panel, set Current Sensto 1nA/V and select the 100 Mega Ohm
resistor on the test resistor assembly. Thisisthe easiest of the gain settings to adjust, and
once compl ete the other gain states should only need minor adjustments.

Switch the software to Scope M ode and set Channel 1 datatypeto TUNA Current.

Set both the Realtime and Offline Plane Fit options to None.

Set the Scan Rate to 2Hz and the Number of Samples per lineto 512, ensuring that the
display is updated at areasonable rate.

Measure the current on the scope trace and use the offset adjustment trim pot (bottom) to
move this data line to the center of the display range (zero). Once the datais centered the
initial offset adjustment is complete.

You may need to repeat this procedure after the gains have been set and for different gain levels.

Gain Adjustment

Perform gain adjustment immediately following the offset adjustment. It is assumed that the offset
adjustment has been completed and the system isin the state described above. If thisis not the case,
review the above process and ensure that settings are correct before continuing.

1

Set the DC Test Biasto 500mV. Verify that thisis correct with the voltmeter as discussed
above. With an applied test bias of 500mV and aresistance of 100 MQ you should see a
current of 5nA. If not, then adjust the gain trim pot (top) until you do.

Check the symmetry about zero by applying a negative bias of -500mV and check that the
sensor now reads -5nA. If not, then adjust the gain until it does and re-check the 500mV
level. Y ou may find that adjusting the gain in this way will move the zero offset of the
sensor. Y ou should therefore switch between +500mV and zero volts until all three values
are displayed correctly.

In the Feedback Controlspanel, set the Current Sensto 100nA/V and the DC Test Biasto
+10 volts. Thisshould yield acurrent of £0.1uA. Do not adjust the gain or offset at thisgain
level, ssimply verify that the sensor isworking.

Set the DC Test Biasto OmV and verify this with the voltmeter.

Oncethere are OV applied to the sensor, change the test resistor setting to 10 GQ.
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In the Feedback Controls panel, set the Current Sensto 1pA/V, and check the system for
offsets. If there isasignificant offset on the sensor at this gain level, then you can again use
the offset trim pot (bottom) to removeit.

Note: The1nA/V setting isusually the most critical and so any adjustment performed
at thisgain level should be small.

Apply aDC Test Biasof 50mV and read the current. With the settings described above there
should be 5pA of current on the display. If thisis not the case, then you should adjust the gain
trim pot (top).

Note: It should require only small adjustmentsif any at all. Once thisis complete,
check the sensor with -50mV applied to verify that the gain is symmetrical
about zero.

In the Feedback Controls panel, set the Current Sensto 10pA/V and verify the gain by
applying 500mV to the test bias. There should be no further need for adjustment of the gain
at thistime.

Lastly, verify this gain state by selecting -500mV and finally checking the offset with OV
applied.

Noise Test

It isimportant that the gains have been correctly adjusted as described previously before
performing the noise test. The measured noise is a function of the gain of the sensor, therefore
incorrect gain settings will result in an inaccurate noise measurement.

1

If not already complete, mount the sensor to the scanner of the system under test (Dimension)
or fix the sensor to the AFM head (MultiMode).

Mount a cantilever into the cantilever holder provided. This should be a conducting lever
such as MESP, SCM-PIC/PIT, etc.

Affix the cantilever holder to the Dimension scanner, or place the cantilever holder in the
MultiM ode head. Connect the fly lead from the cantilever holder to the socket at the center of
the TUNA sensor (ensure that you do not connect it to the test bias socket, which is offset to
oneside).

Connect the ground lead from the cantilever holder to the ground socket on the sensor if
using a Dimension system. A short wire with gold pins on either end is supplied to enable
this connection to be made. The straight connector should be connected to the cantilever
holder and the 90-degree plug inserted into the sensor (see Figure 5.7€)

Rev. D

Application Modules: Dimension and MultiMode Manual 121



Maintenance
Extended TUNA

Figure5.7e Mounted Extended TUNA Sensor

5. Start the software and set it up for TUNA. Version 5.12r4 or any beta built on or after
4-23-03 isrequired for Extended TUNA support.

6. Adjust thelaser on the cantilever for Contact Mode with OV of horizontal and vertical offset.
7. Inthe Feedback Panel, set the Hardware Parameter to Extended.
8. Setthelntegral and Proportional Gainsto 0 and the Deflection Setpoint to the value the

vertical deflection is currently reading. Thiswill protect the scanner by ensuring that it does
not move in the Z-axis after false engaging the microscope (see Figure 5.7f).

Figure5.7f Noise Test Feedback Control Parameters

— Main — TUMA contraly ——
SPM feedback: Feedback mode:
Integral gain: l:l Hardware:
Proportional gain: l:l Current setpoint:
Deflection setpaoint: Current sens:
Current offzet: Feedback gain: l:l
Current limit; DC zample bizs: 0 my

DC test bias: _

Bias lower limit:

Biaz upper limit: g
o

9. Mount the head onto the system, ensuring that there are several millimeters of clearance
between the tip and sample.

10. Set the Scan Sizeto 1nm and the X and Y offsets to 0.000nm (see Figure 5.79).
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11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Figure5.7g Noise Test Scan Control Parameters

= | Scan Controls

Scan size:
Azpect ratio;
x offset:
' offzet:
Scan angle:
Scan rate:
Tip welocity:
Samplex/line: 512
Lines:
Slaw zcan axis: g

In the Feedback Controls Panel, set the DC Sample Biasand DC Test Biasto 0. Verify
these with the voltmeter. The test bias can be accessed on the breakout box as SIG 2. The
sample bias can be measured at the sample chuck for the Dimension and at the piezo end cap
for the MultiMode.

False engage the microscope by pressing Ctrl-Alt-F. The MultiMode will engage
immediately, while the Dimension will engage following the fast approach stage.

Select TUNA Current asthe datatype for Channel 1 and set the Plane Fit optionsto None
for both Realtime and Offline.

In the Feedback Controls Pandl, set the Current Sensto 1pA/V.

Capture an image with an Aspect Ratio of 4:1, a Scan Speed of 0.5Hz and 512 samples/
line.

Withdraw.

Switch to Offline mode and open the captured image.

Use the flatten function to apply a 1st order correction to the data. The data can then be
analyzed with the roughness function and the RM S noise for the data recorded. The
specification for this noise level is 100fA RMS.

Review the data for periodicity. If periodic, perform a section analysis to determine the main
frequency components. There should be no significant frequencies in the data.

Oncetesting is complete, close the two trim pot access holesin the side of the sensor with the
two small screws remaining from the build kit.

When the sensor is not in use, the static protection terminator should be inserted across the two
sockets on the underside of the sensor.
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5.8 SSRM

5.8.1 SSRM Module Test Procedure

Using areference resistor of known value, test the SSRM module using the following procedure:
1. Connect the SSRM Application Module to the Quadrex module using the 15-pin cable.

2. Plugthetwo lead wires of the reference resistor into the two connectors of the SSRM module
(see Figure 5.84).

Figure5.8a SSRM Sensor (Displaying Two Connectors)

Test

Central Tip
Connector

Connector

Note: Besurethat the wires are not too far into the connectors. If this happens, the
wires only make contact with the connectors and not with any other part of the
module.

3. Click Real-time > Force Mode... Advanced > Scan M odeto display Resistance data on
Channel 1 or 2. Change DC Sample Biasand DC Test Bias to test the SSRM module.

4. Set both Feedback Controls> SSRM Controls> DC SampleBiasand DC Test Biasto
the same value (e.g., 1V). The Resistance should now take a value corresponding to the
reference resistor and the curve in Figure 4.5c.

Note: For a1l00MQ resistor, the Resistance output should be -2V at DC Test Bias
and DC Sample Bias of +1V. The Resistance output should be +2V if the DC
Test Biasand DC Sample Bias are set to -1V.

Note: If thetest resistor is changed, the resistance output should change accordingly.
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5.8.2 Problem: The Microscope Will Not Engage

Do not allow the spring clip on the probe holder to touch the sample before the tip. Lower the
profile of the clip if it does.

5.8.3 Problem: No SSRM Signal Is Received

Verify the sample and tip are suitable for SSRM measurements:

1. Replacethetip with asuitable SSRM tip if it is not one.

2. Verify you areusing an SSRM probe holder, and that it iselectrically connected to the SSRM
Application Module and the Module is connected to the SPM controller either directly
(NanoScope IV Controller) or indirectly (through a Quadrex module)

(see Application Module I nstallation, page 28).

3. Verify the parameter values selected in the Equipment Select panel (see Softwar e Setup,
page 34).

4. Verify appropriate DC Sample Biasand DC Test Bias values (see SSRM I maging, page
84).

5. Try aVeeco practice sample; if it produces a reasonable SSRM image, try recleaning the
sample surface, or even relapping a cross section.

6. Make sureyou arelooking at the desired location on your sample.

59 C-AFM

If acurrent signa is not detected, although you expect the sample to be adequate for this type of
measurement, check for several possible problems with the system/setup as follows:

1. Apply aDC biasto the chuck and measure it with a voltmeter.
a. If thereisno bias, reset the microscope by clicking on Microscope > Reset.
b. If the problem persists, contact Veeco.

2. Verify the sampleisin electrical contact with the chuck.

3. If you suspect a problem with the C-AFM sensor, compl ete the following procedure:
a  Unplug the 15-pin sensor connector from the Quadrex module.

b. PlugalMQ resistor between the input pin and the test pin of the sensor.
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Figure5.9a Schematic Test Circuit of C-AFM Sensor

SENSOR
Test Pin
—— DC Test
imMeO Bias
Test Resistor
— .- —/‘- N
Input Pin Sensor
Output
WARNING: Be careful not to touch the resistor with your hands. The resistance of

the oil from your hands left on the resistor |eads can decrease the
effective resistor value. Use tweezers.

c. Beforereattaching the 15-pin sensor connector to the Quadrex module, make sure that
the C-AFM Controls subpanel parameters are set to the values shown in Table 5.9a.

Note: Parameters with options shown as“May be cleared” in Table 5.9a are used in
closed loop, not open loop C-AFM.

Table5.9a C-AFM Controls Parameters

Parameter Usewith C-AFM Option
Feedback Mode Open May be cleared
DC SampleBias ov Select
Current Setpoint ov May be cleared
Current Sensitivity 100nA/V Select
Bias L ower Limit ov May be cleared
Bias Upper Limit ov May be cleared
DC Test Bias ov Select
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d. Attach the sensor to the SPM head and connect its cable to the 15-pin connector on the

Quadrex module.

e. Click View > Scope M ode and select values for the Channel 2 panel parameters
according to Table 5.9b.

Table5.9b C-AFM: Channdl 2 Parameters

Parameter Usewith C-AFM
Data Type Current
Data Scale 100nA
Data Center OnA
LineDirection N/A
Realtime Planefit None
Offline Planefit None
Lowpass Filter Off

f. Apply aDC Test Biasof +0.01V then -0.01V. Verify that the current signal increases

by +10nA and decreases by -10nA, respectively.

g. Verify current signals scale properly by applying £0.01V, +0.02V, +0.03V and £0.04V.
The current signal should change by +10nA, £20nA, £30nA, up to £ 40nA.

Note: If the scanner does not perform according to the previous description,
something iswrong. In such a case, contact Veeco.

Note: Thevalues of large resistors are often approximate and can easily be inaccurate
by > 5%. Thus the output signal at a given test bias might reflect a consistent

gain error.

WARNING: Extreme sensitivity to small currents also resultsin significant
amplification of external disturbances. Examples of sources of
disruptions include electronic equipment such as: oscilloscopes,
fluorescent light in conjunction with certain samples, etcetera—

especialy when operated nearby.
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5.10 SThM

5.10.1 Problem: No signal is visible from the thermal probe in Scope Mode;
no thermal image present.

» Verify the coarse offset adjustment has been rotated from one extreme to the other to
locate the signal trace somewhere on the scope.

» Verify the probe holder is clamped inside the head (M ultiM ode SPMs) and that the lever
is pointed upward.

» Check that electrical contacts on the probe holder are in full contact with electrical
contacts on the probe. (Do this using an optical microscope, with the probe holder’'s
lever rotated to the “protected” position, and while wearing a grounding strap).

e Check theresistance of the thermistor on the tip using a fixed range ohmmeter with an
output current of less than 50 uA through a 1 kQ2 resistor (higher resistance ranges are
better; see “Final Precautions. Section 5.10.5" below). If thetip is good, you should
get anominal reading of ~ 1 kQ. If the tip has been blown out due to ESD or physical
damage, resistance will register at c. Blown tips must be replaced.

» Make absolutely certain the sampleis electrically insulated (passivated) from thetip. If

ANY électrical current flows between tip and sample, the thermal tip will be instantly
destroyed!

5.10.2 Problem: Thermal signal is noisy

In Scope M ode, the thermal signal should appear relatively flat and noise-free. If not, check for the
following:

» Thethermal probe may be in poor electrical contact with the probe holder. Ensure that
the probe holder’s gold, electrical contacts are in full contact with the probe’s el ectrical
traces.

» Thethermal probe may be partially blown out or damaged due to ESD or physical
damage. If so, replaceit.

* Veify that the sampleis electrically insulated from the tip.

5.10.3 Problem: Poor Thermal Image

» Check that al scanning parameters are properly set as described in this manual .

» |f youareimaging an electrically active sample, verify that the sampleis properly
configured with its outside power source(s). Too much current will cause a short circuit
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in the sample, killing it electrically and leaving it without any thermally active regions.
Too little current may not provide the sample with sufficient heat for imaging.

e See“Problem: Thermal signal isnoisy: Section 5.10.2” notes above to check for noise
problems.

5.10.4 Problem: Diagonal Banding in Image

» If diagonal banding is seen in the image, this may be due to a 60 Hz ground loop. Try
connecting the ground of your sample’s power supply to the head casing, which is at
microscope ground.

5.10.5 Final Precautions

« If the system (SPM head and controller) are operated incorrectly they can destroy the
tip! If the controller is powered up while the tip is attached to an installed probe holder,
power-up electrical spikes may deliver transient pulses with an amplitude up to 4x
normal bias conditions. A similar effect can be observed when plugging the head into
the controller with the tip attached. To prevent these kinds of problems, always keep the
probe holder lever turned to the “ protected” position until the SPM isfully powered and
ready for imaging. A line conditioner is advisable in areas where power failures and
spikes are possible.

e Measurement of resistance across the probe’s thermistor must be done on a fixed range
ohmmeter. (Autoranging multimeters will blow out or damage thetip.) Also, many high-
precision multimeters force high levels of current through the probe, again blowing out
thetip. Digital Instruments uses a BK Tool Kit multimeter, model 2706, which is
approximately $80 US. The measurement of the nominal 1 kQ resistance is usually
performed on the 200 k2 range (full scale), which only displays 0.1 kQ2 increments.
Thisis sufficient for most applications and forces only 200 uA through the probe. The
leads of the ohmmeter should be touched to ground prior to probing the sensor to
prevent any possibility of static discharge.

e Cheap power supplies should not be used with the sample being tested due to the
possibility of power transients which can damage the probe. Power Designs precision 20
volt source isagood power supply and is can be set to four digits of precision (100 mV
increments). A Keithly current source is recommended with asmall compliance
(limiting) voltage. Do NOT use high ripple or noisy power supplies, as these will
contribute to signal noise (i.e., thermal noise), or possibly damage the probe’stip.
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5.11 Warranty

This product is covered by the terms of the Veeco standard warranty as in effect on the date of
shipment and as reflected on Veeco's Order Acknowledgement and Quote. While a summary of the
warranty statement is provided below, please refer to the Order Acknowledgement or Quote for a
complete statement of the applicable warranty provisions. In addition, a copy of these warranty
terms may be obtained by contacting Veeco.

WARRANTY. Seller warrants to the original Buyer that new equipment will be free of defectsin
material and workmanship for a period of one year commencing (x) on final acceptance or (y) 90
days from shipping, whichever occursfirst. This warranty covers the cost of parts and labor
(including, where applicable, field service labor and travel required to restore the equipment to
normal operation).

Seller warrantsto the original Buyer that replacement parts will be new or of equal functional
quality and warranted for the remaining portion of the original warranty or 90 days, whichever is
longer.

Seller warrants to the original Buyer that software will perform in substantial compliance with the
written materials accompanying the software. Seller does not warrant uninterrupted or error-free
operation.

Seller’s obligation under these warrantiesis limited to repairing or replacing at Seller’s option
defective non-expendabl e parts or software. These services will be performed, at Seller’s option, at
either Seller’sfacility or Buyer’'s business location. For repairs performed at Seller’sfacility, Buyer
must contact Seller in advance for authorization to return equipment and must follow Seller’'s
shipping instructions. Freight charges and shipmentsto Seller are Buyer's responsibility. Seller will
return the equipment to Buyer at Seller’s expense. All parts used in making warranty repairswill be
new or of equal functional quality.

Thewarranty obligation of Seller shall not extend to defects that do not impair service or to provide
warranty service beyond normal business hours, Monday through Friday (excluding Seller
holidays). No claim will be allowed for any defect unless Seller shall have received notice of the
defect within thirty days following its discovery by Buyer. Also, no claim will be allowed for
equipment damaged in shipment sold under standard terms of F.O.B. factory. Within thirty days of
Buyer's receipt of equipment, Seller must receive notice of any defect which Buyer could have
discovered by prompt inspection. Products shall be considered accepted 30 days following (a)
installation, if Seller performs installation, or (b) shipment; unless written notice of rejectionis
provided to Seller within such 30-day period.

Expendabl e items, including, but not limited to, lamps, pilot lights, filaments, fuses, mechanical
pump belts, V-belts, wafer transport belts, pump fluids, O-rings and seals ARE SPECIFICALLY
EXCLUDED FROM THE FOREGOING WARRANTIESAND ARE NOT WARRANTED. All
used equipment issold ‘AS 1S, WHERE IS WITHOUT ANY WARRANTY, EXPRESS OR
IMPLIED.
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Seller assumes no liability under the above warranties for equipment or system failures resulting
from (1) abuse, misuse, modification or mishandling; (2) damage due to forces external to the
machine including, but not limited to, acts of God, flooding, power surges, power failures, defective
electrical work, transportation, foreign equipment/attachments or Buyer-supplied replacement parts
or utilities or services such as gas; (3) improper operation or maintenance or (4) failure to perform
preventive maintenance in accordance with Seller’s recommendations (including keeping an
accurate log of preventive maintenance). In addition, this warranty does not apply if any equipment
or part has been modified without the written permission of Seller or if any Seller serial number has
been removed or defaced.

No one is authorized to extend or alter these warranties on Seller’s behalf without the written
authorization of Seller.

THE ABOVE WARRANTIES ARE EXPRESSLY IN LIEU OF ANY OTHER EXPRESS OR
IMPLIED WARRANTIES (INCLUDING THE WARRANTY OF MERCHANTABILITY), AND
OF ANY OTHER OBLIGATION ON THE PART OF SELLER. SELLER DOES NOT
WARRANT THAT ANY EQUIPMENT OR SYSTEM CAN BE USED FOR ANY
PARTICULAR PURPOSE OR WITH ANY PARTICULAR PROCESS OTHER THAN THAT
COVERED BY THE APPLICABLE PUBLISHED SPECIFICATIONS.

NO CONSEQUENTIAL DAMAGES. LIMITATION OF LIABILITY. Seller shall not beliable
for consequential damages, for anticipated or lost profits, incidental, indirect, special or punitive
damages, loss of time, loss of use, or other losses, even if advised of the possibility of such
damages, incurred by Buyer or any third party in connection with the equipment or services
provided by Seller. In no event will Seller’sliability in connection with the equipment or services
provided by Seller exceed the amounts paid to Seller by Buyer hereunder.

Documentation Feedback

Veeco is dedicated to the ongoing improvement of our products and technical documentation. If
you have any comments regarding this manual or any other Veeco documentation, please e-mail us
at: SBOTechPubs@veeco.com.

Service

Field service is available nationwide. Service and installations are performed by factory trained
Veeco service personnel. Contact the Veeco Metrology sales/service office for prompt service.

Veeco Metrology

112 Robin Hill Road
Santa Barbara CA 93117
Attn.: Service Center

Phone: (805) 967-2700
Fax: (805) 967-7717
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